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IMPROVEMENT OF THE OPERATIONAL
MANAGEMENT PROCESS AT AN OIL
REFINING ENTERPRISE: THE CASE OF
ATYRAU REFINERY LLP

Bekkaliyev Mukhammad Bauyrzhanuly
Master’s student, AlmaU Graduatea School of Business, Almaty, Kazakhstan

ABSTRACT. This paper examines the operational management system of atyrau Refinery LLP
and analyzes its influence on production efficiency and financial performance. The study uses
financial statements for 2023 and 2024, international benchmarks, and academic publications as
the main empirical base. The results show that the refinery operates under persistent cost
pressure caused by high feedstock prices, energy intensity, and regulated domestic fuel prices.
Despite modernization, several structural gaps remain in digitalization, real-time monitoring,
predictive analytics, and eRp—MeS integration. International evidence demonstrates that
advanced operational tools significantly increase throughput stability, reduce technological losses,
and improve overall performance. The comparative analysis reveals clear differences between
ANPZ and modern refineries that use integrated digital systems. The findings indicate that
operational improvements represent the most feasible and effective direction for enhancing
performance under current economic conditions. The paper concludes that the implementation
of real-time dashboards, predictive models, energy optimization systems, and unified scheduling
tools would strengthen the refinery’s operational stability and financial resilience.

KEYWORDS. operational management; oil refining; atyrau Refinery LLP; digitalization;
predictive analytics; eRp—MeS integration; energy efficiency

INTRODUCTION

Operational processes at oil refineries influence not only the technical rhythm of production,
but also the broader stability of the enterprise. In Kazakhstan this aspect becomes especially
important, since the domestic fuel market remains tightly regulated and does not always allow
plants to compensate rising costs through pricing decisions. Atyrau Refinery LLP (ANPZ) is one of
the main facilities responsible for supplying motor fuels to the domestic market, and its activity is
regularly highlighted in official corporate materials [1]. The refinery operates as part of the
national oil company structure, which emphasizes its strategic role in maintaining the country’s
fuel security.

Financial statements from recent years demonstrate that the refinery continues to work
under considerable cost constraints. According to the 2023 report, the plant faced a situation
where production expenses exceeded revenues, leading to a noticeable annual loss. The main
reason is the high cost of crude and energy resources combined with price controls on petroleum
products sold within the domestic market [1]. A similar pattern is reflected in the 2024
documentation, which suggests that these pressures are not temporary but rather long-term in
nature [2].
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International experience shows that modern refineries increasingly rely on digital tools: real-
time monitoring, predictive assessments of equipment condition, and systems that connect
planning with actual technological operations. Plants that use these tools generally achieve better
stability and respond more quickly to changes in feedstock quality or operating conditions [3]. For
ANPZ such practices could be essential, as the refinery cannot rely on price adjustments to offset
its costs and must instead focus on internal improvements.

For this reason, the present study examines how operational processes are arranged at
ANPZ and to what extent they allow the enterprise to optimize its production cycle. The analysis
relies on the refinery’s financial statements, sectoral benchmarks, and research literature.
Attention is given to the coordination between technological units, the level of digital integration,
and the relationship between planned and actual production indicators. The aim is to outline the
factors that influence operational efficiency and identify areas where adjustments could lead to
more stable technical and economic performance.

MATERIALS AND METHODS

The research was carried out using the company’s official financial documents, including the
auditor’s reports for 2023 and 2024. These materials contain detailed information on revenue,
production-related expenses, and the structure of operational costs, which made it possible to
identify the main financial pressures faced by the refinery [1; 2]. The comparison with international
practices was based on analytical materials published by the International Energy Agency and the
OECD, where key indicators of refinery efficiency—such as depth of processing, energy use, and
the degree of digitalization—are discussed [3; 4].

The approach combined several methods. First, the financial data were reviewed to
determine the scale of cost—revenue imbalances. Second, international benchmarks were used to
compare ANPZ with refineries that have already introduced advanced operational systems. Third,
elements of process analysis were applied to evaluate scheduling, monitoring, and general
coordination across technological units. Academic works on digital tools in the refining industry
were used to support the interpretation of the results and to outline what types of technological
support are considered effective globally [5; 6].

By combining financial, analytical, and conceptual sources, the study formed a broad picture
of ANPZ’s operational environment. This helped identify where bottlenecks occur and which
operational practices might improve the refinery’s performance.

RESULTS

The analysis of financial data shows that ANPZ continues to operate under cost conditions
that are difficult to compensate within the current market framework. Production volumes remain
stable, but the cost of feedstock and energy, together with regulated selling prices, limits the
refinery’s financial flexibility [1; 2]. As a result, even when operations run smoothly, the enterprise
records financial losses. This situation directs attention away from external pricing factors and
toward the internal structure of operational management.

When comparing ANPZ with refineries that have adopted digital operational systems,
several noticeable differences emerge. The main issues relate to monitoring, predictive
capabilities, scheduling coordination, and the connection between ERP and MES tools. Toillustrate
these differences, a comparative table was prepared. It summarizes the main practices that
contribute to operational excellence and shows how ANPZ’s current systems differ from those
used in modern international plants [5; 6; 7].



«Scientific Research and Experimental Development» (January 22-23, 2026). London, England

Table 1 - International Best practices for operational excellence in oil Refining

Practice Expected effect Status at  Modern | Current Situation at
Refineries ANPZ
Real-time process | Faster detection of | Fully implemented, | Partial  monitoring;
monitoring deviations plant-wide dashboards | data fragmented
Predictive Higher vield and [ Common for distillation | No predictive tools;
analytics fewer shutdowns and hydrotreating reactive adjustments
ERp—MeS alignment of | Standard in advanced | Limited integration;
integration planning and | refineries plan—fact gaps
execution
Energy Lower energy costs Widely used in asia and | High energy intensity
optimization el reported
systems
Automated Stable  throughput | Algorithm-based Manual corrections
scheduling and fewer | continuous planning common
bottlenecks
Note: compiled based on the referenced sources [1 - 8]

Table 1 is constructed using data and analytical insights from the auditor’s reports of atyrau
Refinery LLP for 2023 and 2024, as well as international benchmarks and academic publications.
The comparative indicators and practice descriptions are based on operational frameworks
outlined in lea’s Refining Industry outlook [3], 0eCD energy efficiency datasets [4], and peer-
reviewed studies on operational excellence, digitalization, and predictive maintenance in oil
refining [5; 6; 7; 8]. The assessment of ANPZ reflects information from official financial statements
and public disclosures [1; 2].

After reviewing the table, several patterns become visible. Plants that use digital dashboards
identify deviations earlier and correct them faster. Predictive analytics helps optimize unit loads
and adjust to changes in feedstock quality. ERP—MES coordination ensures that planned indicators
match real operating conditions. Automated scheduling reduces bottlenecks and allows more
even distribution of throughput. ANPZ relies on more fragmented systems, which affects both the
speed and quality of decisions.

An additional issue concerns energy consumption. Based on international benchmarks,
reducing energy intensity can significantly lower overall refining costs. ANPZ’s financial data
indicate that energy remains one of the largest expense groups, yet no dedicated energy
optimization tools are mentioned in public documents. This suggests that even minor
improvements in this area could bring tangible benefits.

Overall, the results indicate that the refinery’s technological base is relatively modern, but
its operational management framework has not fully kept pace with global developments. This
gap reduces the effectiveness of existing equipment and limits the potential of past modernization
efforts.
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DISCUSSION

The findings indicate that the challenges observed at ANPZ stem not from the quality of its
facilities, but from the way operational information is coordinated and used. Without integrated
monitoring systems and predictive models, even well-maintained equipment cannot operate at
its full potential. International studies repeatedly emphasize that data-driven decision-making is
becoming one of the defining characteristics of efficient refineries [3; 4].

One of the more noticeable issues is the weak connection between planning units and actual
operational data. Partial synchronization between ERP and MES leads to discrepancies between
what is planned and what is realized. These discrepancies complicate inventory control and slow
down response times. Academic literature suggests that coordinated planning and execution
significantly improve process stability and help reduce technological losses [5; 6].

Energy use remains another point of concern. Without tools designed specifically to
optimize energy consumption, it becomes difficult to reduce total production costs. Many
refineries abroad rely on digital systems that constantly monitor heat balances and furnace
efficiency. The absence of such tools at ANPZ limits the ability to decrease energy expenditures.

Taken together, these observations indicate that ANPZ would benefit from a more unified
operational management model. Introducing digital dashboards, predictive systems, and
automated planning tools would help address the limitations identified earlier. These changes do
not require altering the market environment or the ownership structure; they depend primarily
on how internal processes are organized and supported technologically.

CONCLUSION

The study shows that operational management at Atyrau Refinery LLP contains several gaps
that influence both production stability and financial outcomes. The refinery functions in a
challenging cost environment, and regulated fuel prices restrict its ability to adjust revenues.
Under such conditions, internal operational improvements become one of the few realistic tools
for strengthening performance [1; 2].

International experience demonstrates that modern refineries rely heavily on digital process
control, predictive analytics, and integrated planning frameworks [3; 4]. These tools help reduce
losses and ensure more consistent output. The comparison conducted in this article highlights that
ANPZ still lacks several of these components. Academic research confirms that technological
modernization must be supported by organizational changes and coordinated digital systems to
achieve measurable improvements [5; 6; 7; 8].

The results suggest that ANPZ can significantly enhance its operational resilience by adopting
real-time monitoring platforms, predictive models, energy optimization tools, and unified
scheduling systems. These steps represent a practical and achievable direction for development.
Under the current market conditions, operational modernization remains the most realistic and
effective way to improve the refinery’s overall performance.
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DIGITAL CAPABILITY AND MARKETING
EFFECTIVENESS IN REGIONAL
SUPERMARKETS: MODERATING EFFECTS
OF MARKET MATURITY

Jiang Jialing
Doctor of Business Administration Student, Farabi International Business School, Al-
Farabi Kazakh National University, Almaty, Kazakhstan

Abstract

This study examines the direct impact of digital capability on marketing effectiveness
among regional supermarkets, and explores the moderating role of market maturity in this
relationship. Based on the resource-based view (RBV) and dynamic capability theory (DCT), a
theoretical framework was proposed and tested using a quantitative research approach. Data
were collected via a structured questionnaire from 312 senior managers and marketing directors
of regional supermarkets across 12 provinces in China. Digital capability was operationalized into
four dimensions: digital data analytics, digital marketing execution, digital customer engagement,
and digital supply chain integration. Marketing effectiveness was measured by three key
performance indicators: sales growth rate, customer retention rate, and market share increment.
Market maturity was assessed through market competition intensity, consumer digital literacy,
and industry digital infrastructure development. The results of hierarchical regression analysis
indicated that digital capability exerts a significant positive effect on marketing effectiveness (B =
0.523, p < 0.001). Furthermore, market maturity positively moderates the relationship between
digital capability and marketing effectiveness (B = 0.196, p < 0.01), suggesting that the positive
impact of digital capability is more pronounced in highly mature markets compared to low-
maturity ones. This study contributes to the existing literature by providing a nuanced
understanding of how digital capability drives marketing outcomes in the regional retail context,
and by identifying market maturity as a critical boundary condition. Practically, the findings offer
actionable insights for regional supermarket operators to prioritize digital capability development
and tailor their digital strategies according to the maturity level of their target markets.

Key words: regional Supermarkets; Digital Capability; Marketing Effectiveness; Market
Maturity; Moderating Effect; Resource-Based View

Introduction

The global retail industry is undergoing a profound digital transformation, driven by the
proliferation of digital technologies such as big data analytics, artificial intelligence, and
omnichannel marketing platforms [1]. Regional supermarkets, as a vital component of the retail
ecosystem, face intense competition from both large-scale retail chains and e-commerce giants
[2]. Unlike national or international retail enterprises, regional supermarkets typically have limited
financial resources, narrower market coverage, and weaker brand recognition, which constrain
their ability to invest in large-scale digital initiatives [3]. However, the digital economy has also
created new opportunities for regional supermarkets to leverage localized advantages and
enhance their marketing performance through targeted digital strategies [4].

In recent years, scholars have increasingly focused on the relationship between digital
capability and firm performance [5,6]. Existing studies have demonstrated that digital capability
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can help enterprises optimize business processes, improve customer experience, and gain
competitive advantages [7]. However, most of these studies have concentrated on large
enterprises or cross-industry samples, with limited attention paid to regional supermarkets [8].
Moreover, the impact of digital capability on performance is not always consistent across different
contexts, as external environmental factors may influence the effectiveness of digital
transformation [9]. Market maturity, as a key environmental characteristic, reflects the degree of
market development, competition intensity, and resource availability, which may shape how
digital capability translates into marketing outcomes [10]. For instance, in a highly mature market
with well-developed digital infrastructure and high consumer digital literacy, digital capability may
generate greater returns; whereas in a low-maturity market, the lack of supporting conditions may
limit the value of digital investments [11].

Despite the growing interest in digital transformation in retail, three critical research gaps
remain. First, there is a lack of empirical research that specifically investigates the link between
digital capability and marketing effectiveness in the context of regional supermarkets. Second, the
moderating role of market maturity in this relationship has not been sufficiently explored. Third,
most existing studies adopt a unidimensional measurement of digital capability, ignoring its multi-
faceted nature in the retail sector.

To address these gaps, this study aims to answer the following research questions: (1)
What is the impact of digital capability on the marketing effectiveness of regional supermarkets?
(2) Does market maturity moderate the relationship between digital capability and marketing
effectiveness? (3) Which dimensions of digital capability contribute most significantly to marketing
effectiveness in different market maturity contexts?

The theoretical contributions of this study are threefold. First, it enriches the RBV and DCT
literature by applying these theories to the regional retail context, and by validating digital
capability as a valuable, rare, inimitable, and non-substitutable (VRIN) resource. Second, it
identifies market maturity as a critical moderating variable, providing a more comprehensive
understanding of the boundary conditions of digital capability’s impact on marketing
effectiveness. Third, it develops a multi-dimensional measurement scale of digital capability
tailored to regional supermarkets, which can be used in future empirical research.

Practically, this study provides guidance for regional supermarket operators to allocate
resources effectively for digital capability development. It also helps them design context-specific
digital marketing strategies based on the maturity level of their target markets, thereby enhancing
their marketing performance and competitiveness.

2.Literature Review & Theoretical Framing

2.1 Digital Capability

The concept of digital capability has been defined and operationalized in various ways
across different disciplines. In the retail context, digital capability refers to an enterprise’s ability
to integrate digital technologies into its marketing, operations, and customer management
processes to create value [12]. Based on a comprehensive review of the literature, this study
conceptualizes digital capability as a four-dimensional construct:

Digital Data Analytics Capability: The ability to collect, process, and analyze customer data,
sales data, and market data using digital tools to generate actionable insights [13].

Digital Marketing Execution Capability: The ability to design and implement digital
marketing campaigns across multiple channels (e.g., social media, mobile apps, online advertising)
to promote products and services [14].

Digital Customer Engagement Capability: The ability to interact with customers through
digital platforms, provide personalized services, and build long-term customer relationships [15].
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Digital Supply Chain Integration Capability: The ability to use digital technologies to
integrate supply chain partners, optimize inventory management, and improve order fulfillment
efficiency [16].

Previous studies have shown that digital capability is a key driver of firm performance. For
example, [5] found that digital data analytics capability can help retail enterprises identify
customer preferences and optimize product assortments, thereby increasing sales. [6]
demonstrated that digital customer engagement capability can enhance customer satisfaction and
loyalty, leading to higher customer retention rates.

2.2 Marketing Effectiveness

Marketing effectiveness is defined as the degree to which a firm’s marketing activities
achieve their intended goals and contribute to overall business performance [17]. In the retail
industry, marketing effectiveness is typically measured by a combination of financial and non-
financial indicators [18]. This study selects three key indicators to measure marketing
effectiveness:

Sales Growth Rate: The percentage increase in annual sales compared to the previous year,
reflecting the short-term financial performance of marketing activities [19].

Customer Retention Rate: The percentage of customers who continue to purchase from
the supermarket over a specific period, indicating the effectiveness of customer relationship
management [20].

Market Share Increment: The increase in the supermarket’s market share within its
regional market, reflecting its competitive position and long-term growth potential [21].

2.3 Market Maturity

Market maturity is a multi-dimensional construct that reflects the stage of development of
a specific market [22]. In the context of regional retail, market maturity is determined by three
key factors:

Market Competition Intensity: The number of competitors in the market and the level of
price and non-price competition [23].

Consumer Digital Literacy: The degree to which consumers are able to use digital
technologies to search for product information, compare prices, and make purchases [24].

Industry Digital Infrastructure: The availability and quality of digital infrastructure such as
high-speed internet, mobile payment systems, and logistics networks in the market [25].

Markets can be categorized into three levels of maturity: low maturity, medium maturity,
and high maturity. Low-maturity markets are characterized by low competition intensity, low
consumer digital literacy, and underdeveloped digital infrastructure. High-maturity markets, on
the other hand, have intense competition, high consumer digital literacy, and well-developed
digital infrastructure [26].

2.4 Theoretical Framework and Hypotheses

2.4.1 Resource-Based View (RBV)

The RBV posits that a firm’s competitive advantage stems from its possession of VRIN
resources [27]. Digital capability, as a combination of digital technologies, skills, and processes,
meets the criteria of VRIN resources. It is valuable because it can help firms improve operational
efficiency and customer satisfaction; rare because not all regional supermarkets have the ability
to develop and deploy advanced digital technologies; inimitable because it is built through long-
term learning and experience accumulation; and non-substitutable because there are no
alternative resources that can provide the same level of value [28]. Therefore, digital capability
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can help regional supermarkets gain a competitive advantage and enhance their marketing
effectiveness.

2.4.2 Dynamic Capability Theory (DCT)

The DCT extends the RBV by emphasizing that firms need to continuously integrate, build,
and reconfigure their resources to adapt to changing market environments [29]. Digital capability
is a dynamic capability that enables regional supermarkets to respond quickly to market changes,
adjust their marketing strategies, and seize new opportunities. In a rapidly changing digital
economy, the ability to dynamically adjust digital strategies is critical for improving marketing
effectiveness [30].

2.4.3 Hypothesis Development

Based on the above theoretical discussion, the following hypotheses are proposed:

H1: Digital capability has a significant positive impact on the marketing effectiveness of
regional supermarkets.

H2: Market maturity positively moderates the relationship between digital capability and
marketing effectiveness of regional supermarkets, i.e., the higher the market maturity, the
stronger the positive impact of digital capability on marketing effectiveness.

The theoretical framework of this study is illustrated in Figure 1.

Figure 1 Theoretical Framework

Digital Capability (Independent Variable)
J (Positive Impact)
Marketing Effectiveness (Dependent Variable)
™ (Moderation: Positive)
Market Maturity (Moderating Variable)

3.Methodology

3.1 Sample and Data Collection

The research sample consisted of regional supermarkets in China, defined as retail
enterprises with 5-50 stores and operating within a single province or adjacent provinces. A
structured questionnaire was designed to collect data from senior managers and marketing
directors, who have a comprehensive understanding of the supermarket’s digital capabilities and
marketing performance.

The questionnaire was distributed through three channels: (1) on-site interviews at
regional supermarket industry conferences; (2) online surveys via professional industry platforms;
(3) referrals from university alumni working in the retail sector. The survey period lasted from June
to September 2025. A total of 400 questionnaires were distributed, and 312 valid questionnaires
were returned, resulting in an effective response rate of 78%.

The sample characteristics are presented in Table 1. The majority of the sampled
supermarkets have 10-30 stores (52.6%), operate in eastern China (41.7%), and have been in
business for 5-15 years (63.5%). In terms of market maturity, 28.8% of the supermarkets are
located in low-maturity markets, 45.5% in medium-maturity markets, and 25.7% in high-maturity
markets.
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Table 1 Sample Demographic Characteristics

Characteristic Category Frequency Percentage (%)
Store Quantity 5-10 stores 89 28.5
10-30 stores 164 52.6
31-50 stores 59 18.9
Region Eastern China 130 41.7
Central China 102 32.7
Western China 80 25.6
Years of Operation <5 years 42 13.5
5-15 years 198 63.5
> 15 years 72 23.1
Market Maturity Level Low Maturity 90 28.8
Medium Maturity 142 45.5
High Maturity 80 25.7
Total - 312 100.0

3.2 Variable Measurement

All measurement scales were adapted from existing validated studies and modified to fit
the context of regional supermarkets. A 5-point Likert scale was used for all items (1 = strongly
disagree, 5 = strongly agree).

3.2.1 Independent Variable: Digital Capability (DC)

Digital capability was measured using a 16-item scale across four dimensions:

Digital Data Analytics (DDA): 4 items (e.g., “Our supermarket uses big data analytics tools
to analyze customer purchase behavior”) [13].

Digital Marketing Execution (DME): 4 items (e.g., “Our supermarket implements targeted
advertising campaigns through social media platforms”) [14].

Digital Customer Engagement (DCE): 4 items (e.g., “Our supermarket uses mobile apps to
interact with customers and provide personalized recommendations”) [15].

Digital Supply Chain Integration (DSCI): 4 items (e.g., “Our supermarket uses digital systems
to share inventory data with suppliers in real-time”) [16].

The Cronbach’s a coefficient for the overall digital capability scale is 0.932, indicating high
internal consistency reliability.

3.2.2 Dependent Variable: Marketing Effectiveness (ME)

Marketing effectiveness was measured using a 9-item scale across three dimensions:

Sales Growth Rate (SGR): 3 items (e.g., “Our supermarket’s sales growth rate is higher than
the industry average”) [19].

Customer Retention Rate (CRR): 3 items (e.g., “Our supermarket’s customer retention rate
has increased significantly over the past year”) [20].

Market Share Increment (MSI): 3 items (e.g., “Our supermarket’s market share in the
regional market has grown steadily”) [21].

The Cronbach’s a coefficient for the marketing effectiveness scale is 0.915, demonstrating
good reliability.
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3.2.3 Moderating Variable: Market Maturity (MM)

Market maturity was measured using a 9-item scale across three dimensions:

Market Competition Intensity (MCI): 3 items (e.g., “The number of competitors in our
regional market is large”) [23].

Consumer Digital Literacy (CDL): 3 items (e.g., “Most consumers in our market use digital
channels to make purchases”) [24].

Industry Digital Infrastructure (IDI): 3 items (e.g., “The digital payment and logistics
infrastructure in our market is well-developed”) [25].

The Cronbach’s a coefficient for the market maturity scale is 0.897, indicating acceptable
reliability.

3.2.4 Control Variables

To control for potential confounding effects, two control variables were included in the
study:

Firm Size: Measured by the number of stores, categorized as 5-10, 10-30, and 31-50
stores.

Region: Categorized as eastern, central, and western China, with eastern China as the
reference group.

3.3 Data Analysis Method

Data analysis was conducted using SPSS 28.0 and AMOS 26.0 software. The following
analytical procedures were performed:

Descriptive Statistics and Correlation Analysis: To examine the mean, standard deviation,
and correlation coefficients among variables.

Confirmatory Factor Analysis (CFA): To test the convergent validity and discriminant
validity of the measurement scales.

Hierarchical Regression Analysis: To test the direct effect of digital capability on marketing
effectiveness (H1) and the moderating effect of market maturity (H2).

4 .Key Findings

4.1 Descriptive Statistics and Correlation Analysis

Table 2 presents the descriptive statistics and correlation coefficients of all variables. The
mean value of digital capability is 3.42 (SD = 0.87), indicating that the sampled regional
supermarkets have a moderate level of digital capability. The mean value of marketing
effectiveness is 3.28 (SD = 0.91), and the mean value of market maturity is 3.51 (SD = 0.82).

Correlation analysis results show that digital capability is significantly positively correlated
with marketing effectiveness (r = 0.564, p < 0.001), providing preliminary support for H1. Market
maturity is also significantly positively correlated with both digital capability (r = 0.487, p < 0.001)
and marketing effectiveness (r = 0.512, p < 0.001), laying a foundation for testing the moderating
effect.
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Table 2 Descriptive Statistics and Correlation Matrix

Variable Mean | SD 1 2 3 4 5
1. Digital Capability 3.42 | 0.87 | 1.000 - - - -
2. Marketing Effectiveness | 3.28 | 0.91 | 0.564*** | 1.000 - - -
3. Market Maturity 3.51 0.82 | 0.487*** | 0.512*** | 1.000 - -
4. Firm Size 2.09 | 0.73 | 0.321*** | 0.285*** | 0.267*** | 1.000 | -
5. Central China (Dummy) | 0.33 | 0.47 | 0.125%* 0.118* 0.109* 0.087 | 1.000
6. Western China (Dummy) | 0.26 | 0.44 | 0.098 0.105 0.089 0.076 | 0.065

Note: ***p < 0.001, **p < 0.01, *p <0.05; N =312.

4.2 Confirmatory Factor Analysis (CFA)

CFA was conducted to assess the construct validity of the measurement scales. The results
showed that the three-factor model (digital capability, marketing effectiveness, market maturity)
fits the data well: x?/df = 2.24 (< 3), CFI = 0.93 (= 0.90), TLI = 0.92 (> 0.90), RMSEA = 0.062 (< 0.08),
SRMR =0.058 (< 0.08).

The factor loadings of all items ranged from 0.68 to 0.91, all significant at p < 0.001,
indicating good convergent validity. The average variance extracted (AVE) values for digital
capability (0.68), marketing effectiveness (0.65), and market maturity (0.62) were all greater than
0.50, further confirming convergent validity. The square root of the AVE for each construct was
greater than its correlation coefficients with other constructs, demonstrating good discriminant
validity.

4.3 Hypothesis Testing

Hierarchical regression analysis was used to test the research hypotheses. The results are
presented in Table 3.

Table 3 Hierarchical Regression Analysis Results

Variable Model 1 (Control Model 2 (Main Model 3 (Moderating
Variables) Effect) Effect)

Constant 1.872*** (0.265) 1.025*%** (0.231) | 0.864*** (0.218)

Firm Size 0.243*** (0.052) 0.186*** (0.047) | 0.152** (0.045)

Central China
(Dummy)

0.112* (0.063)

0.095 (0.057)

0.078 (0.054)

Western China
(Dummy)

0.089 (0.061)

0.072 (0.055)

0.056 (0.052)

Digital Capability (DC)

0.523*** (0.058)

0.476*** (0.055)

Market Maturity (MM)

0.231*** (0.053)

DC x MM (Interaction
Term)

0.196** (0.068)

R? 0.102 0.415 0.487
AR? 0.102*** 0.313*** 0.072%**
F Value 11.327** 48.653%** 52.386***

Note: ***p < 0.001, **p < 0.01, *p < 0.05; Standard errors are in parentheses; N = 312.
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Model 1 includes only the control variables, which explain 10.2% of the variance in
marketing effectiveness. Firm size has a significant positive impact on marketing effectiveness (B
=0.243, p <0.001).

Model 2 adds the independent variable (digital capability) to test the main effect (H1). The
results show that digital capability has a significant positive impact on marketing effectiveness (B
= 0.523, p < 0.001), and the R? increases by 0.313 (AR? = 0.313, p < 0.001). Thus, H1 is fully
supported.

Model 3 adds the moderating variable (market maturity) and the interaction term (DC x
MM) to test the moderating effect (H2). The interaction term is significantly positive (B = 0.196, p
<0.01), and the R? increases by 0.072 (AR?=0.072, p < 0.001). This indicates that market maturity
positively moderates the relationship between digital capability and marketing effectiveness,
supporting H2.

To further visualize the moderating effect, a simple slope analysis was conducted. The
results show that in high-maturity markets, the slope of digital capability on marketing
effectiveness is 0.684 (p < 0.001); in low-maturity markets, the slope is 0.321 (p < 0.01). This
confirms that the positive impact of digital capability on marketing effectiveness is stronger in
high-maturity markets.

5.Short Discussion of Results

5.1 Main Effect of Digital Capability on Marketing Effectiveness

The findings indicate that digital capability exerts a significant positive impact on the
marketing effectiveness of regional supermarkets, which is consistent with the conclusions of
previous studies [5,6]. This result can be explained by the RBV and DCT: digital capability, as a
VRIN resource and dynamic capability, enables regional supermarkets to gain competitive
advantages in several ways. First, digital data analytics capability helps supermarkets identify
customer preferences and market trends, thereby optimizing product assortments and pricing
strategies [13]. Second, digital marketing execution capability allows supermarkets to implement
targeted advertising campaigns, reducing marketing costs and improving conversion rates [14].
Third, digital customer engagement capability enhances customer interaction and personalized
services, increasing customer satisfaction and loyalty [15]. Fourth, digital supply chain integration
capability optimizes inventory management and order fulfillment, improving operational
efficiency and reducing stock-out rates [16]. These factors jointly contribute to the improvement
of sales growth rate, customer retention rate, and market share increment.

5.2 Moderating Effect of Market Maturity

The results confirm that market maturity positively moderates the relationship between
digital capability and marketing effectiveness. In high-maturity markets, the positive impact of
digital capability is more pronounced. This is because high-maturity markets have three key
characteristics that amplify the value of digital capability: first, intense market competition forces
supermarkets to use digital technologies to differentiate themselves from competitors [23];
second, high consumer digital literacy means that customers are more receptive to digital
marketing activities and personalized services [24]; third, well-developed digital infrastructure
provides the necessary technical support for the implementation of digital strategies [25]. In
contrast, in low-maturity markets, the lack of digital infrastructure and low consumer digital
literacy limit the effectiveness of digital capability, and the focus of competition is still on basic
factors such as product price and store location [11].
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5.3 Implications of Control Variables

The results show that firm size has a significant positive impact on marketing effectiveness,
which is consistent with common sense: larger regional supermarkets have more resources to
invest in marketing and digital transformation, and have wider market coverage and stronger
brand awareness [3]. Regional differences have no significant impact on marketing effectiveness,
which may be because regional supermarkets have adapted their strategies to the local market
conditions, regardless of whether they are located in eastern, central, or western China [2].

6.Conclusion

6.1 Key Conclusions

This study empirically tested the relationship between digital capability, market maturity,
and marketing effectiveness in regional supermarkets using data from 312 samples. The main
conclusions are as follows:

Digital capability has a significant positive impact on the marketing effectiveness of
regional supermarkets. All four dimensions of digital capability (digital data analytics, digital
marketing execution, digital customer engagement, digital supply chain integration) contribute to
the improvement of sales growth rate, customer retention rate, and market share increment.

Market maturity positively moderates the relationship between digital capability and
marketing effectiveness. The positive impact of digital capability on marketing effectiveness is
more significant in high-maturity markets than in low-maturity markets.

Firm size has a significant positive impact on marketing effectiveness, while regional
differences have no significant effect.

6.2 Theoretical Contributions

This study makes three main theoretical contributions to the literature:

It enriches the research on digital capability in the retail sector by developing a four-
dimensional measurement scale tailored to regional supermarkets, which provides a more
comprehensive and accurate operationalization of the construct.

It validates the moderating role of market maturity in the relationship between digital
capability and marketing effectiveness, thereby identifying a critical boundary condition that has
been overlooked in previous studies. This finding extends the application of the RBV and DCT in
the context of digital transformation.

It fills the research gap by focusing on regional supermarkets, a relatively understudied
segment in the retail digital transformation literature, and provides new empirical evidence for
the link between digital capability and marketing performance.

6.3 Practical Implications

The findings of this study provide actionable insights for regional supermarket operators:

Prioritize Digital Capability Development: Regional supermarkets should invest in building
digital capabilities, especially digital data analytics and digital customer engagement capabilities,
which are critical for improving marketing effectiveness. For example, they can deploy big data
analytics tools to analyze customer behavior and implement personalized marketing campaigns
through mobile apps and social media.

Tailor Digital Strategies to Market Maturity: In high-maturity markets, supermarkets should
increase investment in digital technologies and develop omnichannel marketing strategies to meet
the high digital expectations of consumers. In low-maturity markets, supermarkets should focus
on basic digital infrastructure construction and gradually improve digital capabilities while
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leveraging their localized advantages such as community relationships and regional product
supply.

Leverage Firm Size Advantages: Larger regional supermarkets should take advantage of
their resource advantages to accelerate digital transformation and expand market share. Smaller
regional supermarkets can form strategic alliances to share digital resources and reduce
transformation costs.

6.4 Research Limitations and Future Directions

This study has several limitations that provide directions for future research:

Sample Limitation: The sample is limited to regional supermarkets in China, which may limit
the generalizability of the findings. Future research can expand the sample to include regional
supermarkets in other countries or regions to test the cross-cultural applicability of the theoretical
framework.

Data Limitation: This study uses cross-sectional data, which cannot capture the dynamic
changes in the relationship between digital capability, market maturity, and marketing
effectiveness over time. Future research can adopt a longitudinal research design to track the
digital transformation process of regional supermarkets over multiple years.

Variable Limitation: This study focuses on market maturity as the only moderating variable.
Future research can explore other potential moderating variables such as organizational culture,
leadership style, and government digital policies, to provide a more comprehensive understanding
of the factors influencing the effectiveness of digital transformation.
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Abstract

This article argues that Central Asia functions as a high signal laboratory for China’s external
policy, where Beijing can trial a full spectrum of instruments - connectivity, energy
interdependence, security governance, and narrative diplomacy - under conditions that are
strategically consequential yet politically manageable. The core claim is not that the region is
passive, but that its dense interdependence with China generates unusually fast feedback loops:
infrastructure projects reveal financing limits, pipeline ties expose asymmetric bargaining, and
multilateral formats test whether institutional language can be translated into durable
compliance. The study develops an operational model of “testbed politics” and traces how it
materializes through summit architecture, treaty law, trade corridor scaling, and the securitization
of cross-border risks. Using document-based process tracing (official speeches and treaty texts),
structured evidence matrices, and externally curated datasets on development finance, the article
identifies where policy experiments succeed, where they stall, and what kinds of pushback
emerge. Results show that Beijing’s recent institutionalization drive increases predictability but
also raises reputational and sovereignty concerns, sharpening local balancing behavior and
accelerating competitive offers from the EU and the United States. The article contributes a
portable analytic framework for measuring policy experimentation in regional orders and provides
concrete recommendations for risk-aware engagement by Central Asian governments and
external partners.
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Introduction

To call Central Asia a “testbed” for Chinese external policy is not to strip the region of
agency. It is, rather, to recognize a structural feature of contemporary Eurasia: Central Asia offers
Beijing an arena where strategic priorities converge - Xinjiang-adjacent security, overland
connectivity, energy supply, and diplomatic architecture - and where the consequences of policy
design are legible quickly because interdependence is thick and geographically concentrated. The
region sits at the hinge of China’s westward projection, yet it is not an arena of direct military
contestation in the way the Western Pacific can be. That combination - high stakes, lower direct
escalation risk - makes the region unusually suited for policy rehearsal and instrument calibration.

A useful starting point is the moment when China’s leadership publicly framed overland
Eurasian connectivity in explicitly regional terms. In a 2013 speech delivered at Nazarbayev
University in Astana, Xi Jinping advanced the notion of jointly building a “Silk Road Economic Belt,”
presenting connectivity as an integrative, development-centered project rather than a narrow
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transport plan. That speech matters analytically not because it “created” geography, but because
it marked an attempt to convert geography into policy language, and policy language into a
portfolio of instruments that could be replicated, adjusted, and scaled.

What turns a region into a testbed is not rhetoric alone. A testbed is defined by three
properties: (1) policy instruments can be deployed across multiple sectors simultaneously; (2)
feedback arrives quickly enough to recalibrate; (3) outcomes can be packaged into templates for
other theaters. Central Asia exhibits all three. When logistics corridors expand or choke, the signal
is immediate. When credit terms become politically contested, the reputational cost is visible.
When security cooperation intensifies, domestic legitimacy constraints surface. In that sense,
Central Asia is not simply “where China is active,” but where China can trial a modular approach
to regional order-building.

Literature review

The most productive scholarship on China-Central Asia relations has moved beyond single-
factor explanations. One stream highlight how narrative diplomacy and attraction compete with
suspicion, emphasizing that “soft power” cannot be assumed to flow automatically from
infrastructure and trade. In a 2025 International Affairs study, Vanderhill J., Joireman S. F., and
Tulepbayeva R. show that the translation of Chinese presence into public legitimacy is uneven,
mediated by local identities, media ecosystems, and historical memory [2]. The implication for a
testbed argument is sharp: if legitimacy is not a byproduct of material engagement, then Beijing
must treat perception management as an instrument, not a decorative afterthought.

A mature discussion of China’s external policy in Central Asia begins by refusing two lazy
shortcuts: the romantic “New Great Game” metaphor and the equally simplistic idea that
infrastructure automatically translates into durable authority. What the strongest scholarship has
done in the last decade is to re-specify the dependent variable. Instead of asking whether China
“gains influence” (a phrase so elastic it risks becoming unfalsifiable), it asks how influence is
operationalized through repeatable instruments and how these instruments perform when they
encounter domestic politics, sovereignty sensitivities, and rival external offers. This turn is visible
in work that treats Central Asia not merely as a recipient of projects, but as a structured
environment in which policy choices generate fast feedback. In that sense, the region becomes a
living laboratory: outcomes are observed quickly (through protests, procurement renegotiations,
corridor bottlenecks, elite repositioning), and Beijing can revise templates in near real time.

The key conceptual move for a “testbed” framing is to treat experimentation as a
governance phenomenon. A testbed is not simply a place where activity is concentrated. It is a
place where an actor can trial modular packages (connectivity plus finance plus security
cooperation plus narrative framing), observe second-order effects, and then standardize the
design into exportable formats. Much of the literature already gestures toward this, but often
without naming it explicitly, which leaves the argument implicit. The analytical opportunity is to
make the mechanism explicit: instrument portfolio - observable outputs - feedback - adaptation -
template diffusion. Once this chain is specified, Central Asia becomes a comparative case for
studying how an ascending power learns to govern interdependence abroad.

The most empirically persuasive work on China’s soft power in Central Asia treats
legitimacy as neither automatic nor linear. A 2025 International Affairs article by Vanderhill R.,
Joireman S. F., and Tulepbayeva R. demonstrates that even substantial economic engagement can
fail to produce commensurate soft power, and that responses vary markedly across Central Asian
states because local identity narratives, media environments, and historical memory filter how
“China” is interpreted at the societal level [1].

This finding is devastating for any purely economistic model. It implies that perception
management is not an ornamental layer. It is a policy instrument with its own constraints and
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failure modes. In testbed terms, legitimacy functions like a stress gauge: when project delivery is
fast but trust is brittle, the model predicts backlash risk, reputational drag, and greater bargaining
leverage for local elites seeking renegotiation or diversification.

Crucially, the best studies do not reduce public attitudes to a single variable such as
“Sinophobia.” They treat perception as a structured outcome of social identity, elite discourse,
and lived experience with migration, labor relations, and distributional effects. This matters
because policy learning depends on diagnosing why resistance occurs. If skepticism is driven by
opacity and elite capture narratives, then transparency and local value capture become repair
strategies. If it is driven by deeper identity anxieties, then even perfect contract design may not
stabilize legitimacy. The literature therefore pushes analysts to distinguish between technocratic
fixes and structural limits.

A complementary empirical window comes from survey-based work. Primiano C. B. and
Kudebayeva A. examine attitudes toward the Belt and Road in Kazakhstan through a university
survey and find polarization tied to political orientation and social identity processes, reminding
us that “public opinion” is internally stratified and politically interpretable [2].

For a testbed framework, this is valuable because it highlights an underappreciated
channel of feedback: domestic contestation can become a constraint on corridor diplomacy even
when elite-to-elite relations remain smooth.

A second major stream foregrounds security as the structural backbone beneath economic
engagement. Tukmadiyeva M. shows how Xinjiang-linked concerns shape China’s approach to
Central Asia and how security logic can seep into economic policy, particularly when border
management and regime stability are treated as prerequisites for connectivity [3].

This matters for two reasons. First, it clarifies why some cooperation packages carry a
security subtext even when presented as development. Second, it explains why “stability” rhetoric
often functions as a justificatory bridge between domestic governance priorities and external
partnerships. In other words, security is not a separate pillar. It is a meta-condition that can justify,
accelerate, or constrain other instruments.

The literature also warns against imagining security cooperation as frictionless. Security
collaboration can be institutionally routinized, but it can also trigger sovereignty sensitivities or
legitimacy concerns if publics interpret it as external intrusion or as a mechanism for constraining
domestic space. For a testbed argument, this is a classic feedback dilemma: securitization may
protect corridors and reduce short-term risk, yet it can increase long-term reputational and
political risk.

A third stream emphasizes that China’s engagement is institutionally layered rather than
purely bilateral, and that institutional form changes the rules of the game. The most cited
analytical account of the region’s multilateral security architecture remains Aris S., who argues
that the SCO’s organizational design and its focus on the “three evils” helped it become a primary
security platform in Central Asia, in part because it matched the preferences of prevailing
leaderships and offered an appropriate regional framework [4].

This contribution is central for a testbed framing because institutions convert episodic
cooperation into routinized governance. They standardize vocabulary, create procedural
expectations, and stabilize cooperation even when bilateral relations fluctuate.

Yet institutionalization is not a monotonic good. The literature increasingly treats
institutions as dual-use: they can reduce transaction costs and uncertainty, but they can also
amplify backlash if institutional density is read domestically as constraint. The interpretive
challenge is to assess when institutionalization serves as credible commitment and when it
becomes a symbolic shell. That is why scholarship that examines how Central Asian states
themselves interpret these institutions is particularly valuable. Dadabaev T. analyzes how regional
identity formation within the SCO looks from Central Asian perspectives, emphasizing motivations,
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concerns, and the pragmatic calculus that shapes engagement with China through multilateral
formats [5]. For testbed logic, this is a critical corrective: the region is not merely a site of Beijing’s
design. It is a site where partners interpret, bargain, and sometimes dilute or redirect institutional
agendas. A sophisticated literature review cannot treat Central Asia as an inert surface on which
great powers inscribe preferences. The concept of multivectorism is analytically useful precisely
because it captures how states translate structural constraint into strategy. Vanderhill R., Joireman
S. F., and Tulepbayeva R. argue that Kazakhstan’s multivectorism offers a model strategy for
secondary powers navigating between major actors, especially after 2014 when sovereignty
anxieties intensified [6].

This is directly relevant to the “testbed” thesis: policy experiments do not run in a vacuum.
They run in an environment populated by strategic actors who learn too. Multivectorism is, in
effect, the region’s own adaptive algorithm. It converts external competition into bargaining
leverage, route diversification, and selective institutional uptake.

The implication is methodological and theoretical. If Central Asian states are active co-
producers of outcomes, then China’s “tests” are partly tests of partner management: how much
autonomy can be accommodated without losing strategic coherence, and what kinds of
concessions are efficient versus reputation-damaging? This moves the debate away from
moralizing and toward institutional analysis. Perhaps the most contested dimension of China’s
external policy is infrastructure finance. Here, high-quality scholarship has improved the debate
by replacing slogans with analytic frameworks and measurable data. Bandiera L. and Tsiropoulos
V. propose a framework to assess debt sustainability impacts under the Belt and Road, explicitly
addressing the problem that comprehensive and consistent information on financing terms is
often unavailable [7].

This is important not because it gives a single verdict on “risk,” but because it specifies
what must be measured: debt vulnerabilities, fiscal risks, corridor exposure, and the interaction
between macro constraints and project pipelines. A testbed argument gains rigor here: if China
revises lending practices, restructures terms, or shifts toward co-financing under partner or
reputational pressure, those are observable adaptations consistent with policy learning.Data
infrastructure has also advanced. The AidData team’s Scientific Data publication introduces a
geospatial methodology for identifying features of Chinese development finance projects, linked
to a global dataset covering thousands of projects and a long-time horizon [8]. For Central Asia
research, the significance is methodological: claims about “scale” and “pattern” can be anchored
to structured, external datasets rather than anecdote. This reduces the temptation to invent
precision and improves replicability, which is especially crucial in politically charged debates.

The literature has increasingly used micro-level evidence to discipline macro-level
narratives. A notable contribution is Chen J. Y.-W. and Jimenez-Tovar S., who compare small-scale
survey evidence among university students in Kazakhstan and Kyrgyzstan to infer how future elites
perceive Chinese influence, highlighting variation across national contexts and the persistence of
Russia as a reference point in regional status hierarchies [9].

This line of work is valuable because it prevents the analyst from treating “Central Asia” as
a single public sphere. For a testbed model, it suggests that Beijing’s instruments may be stable,
but their social reception is not. That reception itself becomes feedback, shaping the sustainability
of projects and the credibility of narratives.

Taken together, the scholarship supports four propositions that a “testbed” framework can
formalize. Legitimacy is not purchased by infrastructure - societal reception is filtered through
identity politics, media ecosystems, and distributional perceptions, and this reception can
constrain policy even when elites cooperate [1], [2]. Security logic is structurally embedded -
Xinjiang-adjacent risk and regime stability concerns leak into economic instruments and justify
institutional choices, producing both governance capacity and legitimacy costs [3].
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Institutionalization is a double-edged instrument - multilateral formats reduce uncertainty but can
be read as constraint, making partner interpretation and agenda control central variables. Finance
is a credibility battlefield - debt sustainability and fiscal risk are not rhetorical side themes but
mechanisms through which external policy is judged and contested, and they can induce visible
adaptation in lending and contracting practices.

What remains comparatively under-specified is the learning mechanism that links these
propositions. Many studies describe outcomes, but fewer theorize how China revises tools in
response to feedback and how revised templates travel to other regions. The “testbed” concept
is a way to integrate the literature into a single causal architecture: it treats Central Asia as a place
where instrument performance is evaluated under tight interdependence and visible competition,
and where policy design is iterated rather than simply asserted. This article’s novelty, therefore, is
not to add another descriptive layer, but to convert a set of empirical insights into a coherent
framework for identifying experimentation, adaptation, and template diffusion - while keeping
Central Asian agency analytically central rather than rhetorically acknowledged.

Materials and methods

The study uses documentary process tracing with triangulation across three evidence
types: (1) official Chinese speeches and summit (2) trade statistics attributed to China’s General
Administration of Customs and reported by national agencies, and (3) corporate technical
descriptions of cross-border energy infrastructure. This design is chosen because Central Asia
policy operates through public commitments, measurable flows, and physical assets with stable
parameters.

Results

If Central Asia is a testbed, we need to specify what exactly is being tested. The temptation
is to treat the concept metaphorically, but a serious analysis demands operational clarity. In policy
science, a test environment is defined by instruments, outputs, feedback, and revision. External
policy behaves similarly when the actor can deploy multiple instruments and observe which
combinations produce stable gains under real constraints. In Central Asia, China has an unusually
broad instrument set: transit infrastructure, energy interdependence, development finance,
multilateral security platforms, elite diplomacy, and a dense narrative architecture around “shared
future” and regional community.

Yet instrument breadth alone does not create a testbed. What matters is the feedback
loop. Central Asia compresses time. A rail corridor that saves days on transit also concentrates
rents, bottlenecks, and political contestation. A loan that unlocks infrastructure also becomes a
domestic political object, especially when fiscal space tightens. A pipeline that stabilizes supply
also intensifies asymmetric dependence, creating leverage and resentment simultaneously. These
are not abstract dynamics; they are the standard dilemmas of interdependence, but here they
appear in a concentrated geopolitical corridor where multiple external actors compete.

The central analytic move in this article is to treat “testbed politics” as a measurable set of
mechanisms. Mechanisms are the bridge between intentions and outcomes. They are what allow
us to say not merely that “Chinais influential,” but how influence is attempted, where it is resisted,
and why some tools travel better than others to new contexts. Table 1 therefore formalizes the
concept into domains, instruments, observable outputs, local agency levers, and risk channels.
This is also where Central Asian agency becomes visible: the same instrument can produce
different outcomes depending on procurement regimes, transit pricing, and the strategic use of
partner competition.
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Table 1. Operationalization of “Central Asia as a Testbed” for China’s External Policy

Domain Policy instrument Observable Local agency Main risk
(what Beijing uses) | output (what can lever (what channel (what
be Central Asian can go wrong)
counted/seen) states can do)
Connectivity and Transport Trade value Route Bottlenecks,
transit corridors, customs | growth, corridor | diversification, | corridor rivalry,
coordination, agreements, tender rules, backlash
multimodal nodes | freight routings transit pricing narratives
Energy Pipeline Annual volumes, Pricing, Asymmetric
interdependence infrastructure, cumulative diversification, dependence,
long-term deliveries, domestic infrastructure
purchase expansion plans regulation security
contracts
Security Multilateral Treaty texts, Agenda-setting, | Securitization
governance security platforms, institutional legal framing, spillovers,
counterterrorism bodies, joint transparency legitimacy
cooperation statements constraints costs
Narrative and Summits, treaty Communiques, Balancing Narrative
elite diplomacy language, grants, narratives, inflation, elite
“community” institutional signaling capture
framing formats autonomy allegations
Finance and Policy-bank Disclosure Competitive co- | Debt distress,
debt governance | lending, project patterns, financing, debt contingent
finance, refinancing disclosure liabilities
settlement pilots episodes

Table 1 makes two points that are easy to miss in purely descriptive writing. First, the
testbed is multi-domain by design. Beijing’s approach does not rely on a single lever; it relies on
portfolio effects. Connectivity projects can increase trade and also reshape security narratives.
Security platforms can reduce cross-border risk and also discipline domestic politics. Elite
diplomacy can speed decision-making and also deepen public suspicion. A portfolio strategy is
rational when an actor aims to construct a regional order, because order is rarely produced by one
instrument alone.

Second, the table clarifies the distinction between “presence” and “governance.” Presence
is measurable by projects and visits. Governance is measurable by institutional language, treaty
form, routinized summit mechanisms, and the production of standardized cooperation templates.
This difference is crucial for understanding why Beijing has pushed beyond bilateral ties toward
regional architecture. Once governance becomes the object, the region becomes a proving ground
for institutional technologies: Can summit formats be routinized? Can legal language be stabilized?
Can infrastructure finance be normalized across multiple jurisdictions? These are experiments in
regional order, not merely commerce.

A third insight concerns local agency. Central Asian governments are not “objects” of
policy; they are selective amplifiers or dampeners. Procurement rules, debt disclosure practices,
corridor pricing, and the deliberate engagement of alternative partners can all reshape outcomes.
The “testbed” concept therefore does not imply unilateral control; it implies that China treats the
region as an environment where instrument performance can be evaluated and improved under
competitive conditions.
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Finally, the risk channels listed in Table 1 are not side notes. In practice, policy failure often
arrives through risk, not through immediate opposition. Debt risk becomes political risk.
Infrastructure security becomes reputational risk. Narrative inflation becomes legitimacy loss. In
this sense, Central Asia is also a testbed for China’s risk governance abroad: whether Beijing can
manage second-order effects that emerge not from hostile intent, but from the friction of real
societies.

A model is necessary because “influence” is otherwise too elastic. If every project counts
as influence, the concept becomes indistinguishable from activity. The testbed thesis instead
proposes a causal chain: instruments produce outputs, outputs generate feedback, feedback
triggers adaptation, and adapted templates travel outward to other regions. This is precisely how
policy learning operates in complex systems. The question becomes empirical: do we observe
learning and template diffusion?

We do observe signs of institutional learning. One marker is the rapid institutionalization
of the China-Central Asia format into a recurring summit architecture and treaty language. Reuters
reported that in June 2025 China signed a treaty of “permanent good-neighbourliness and friendly
cooperation” with the leaders of the five Central Asian states during a summit in Astana,
accompanied by a grant pledge and emphasis on sectors such as natural gas, minerals, railways,
and agriculture [7]. Whether one reads this as reassurance or as institutional capture, it is clearly
a move from episodic diplomacy to rule-shaped diplomacy, which is exactly what a testbed would
produce when early iterations are deemed successful.

Another marker is measurable scaling in economic ties. Xinhua, citing China’s customs
authority, reported that trade between China and the five Central Asian countries expanded from
312.04 billion yuan in 2013 to 674.15 billion yuan in 2024, and that the first five months of 2025
reached 286.42 billion yuan, a record for that period [8]. These numbers do not “prove influence,”
but they establish that the arena is large enough for policy experiments to have real economic
mass. Large arenas generate data. Data, in turn, supports learning.
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Figure 1. “Testbed politics” mechanism

Figure 1 reframes the analytic task. It discourages simplistic binaries like “China dominates”
versus “Central Asia resists.” Instead, it foregrounds iteration. A testbed produces revisions:
contract models change, rhetoric adjusts, summit formats stabilize, and risk controls become
more explicit. That is precisely what we should look for in the record - not a single moment of
“success,” but repeated cycles of deployment, backlash, and adjustment.

The model also illuminates why treaty language is not merely symbolic. In external policy,
treaties often serve as commitment devices and as narrative tools simultaneously. They speak to
external audiences (partners and rivals) and to internal ones (bureaucracies and publics). If the
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treaty is paired with material incentives, it becomes an instrument of institutionalization, not only
diplomacy. Reuters’ description of the 2025 treaty language and accompanying grant pledge fits
neatly into this logic: a legal frame plus resource signaling, designed to reduce uncertainty and
anchor cooperation [7].

Equally important, the model explains why competition intensifies precisely when
institutionalization deepens. External actors watch for templates. When a template appears
scalable, rivals react by offering alternatives. That is why an EU or US turn toward Central Asia
often follows visible institutional moves by China: it is not only about today’s projects, but about
tomorrow’s rules.

Finally, the mechanism clarifies what counts as empirical falsification. If we do not observe
adaptation - if the same contract pathologies recur without revision, if institutional formats remain
hollow, if feedback does not alter design - then Central Asia is not a testbed, merely a theater. The
evidence reviewed here points toward iterative design, which supports the testbed interpretation.

A second challenge is to avoid circular reasoning. If we label every development “testing,”
we learn nothing. Table 2 therefore asks a stricter question: what specific mechanisms are being
tested, what would count as success, what would count as failure or pushback, and why does it
matter theoretically? The goal is to discipline interpretation by defining outcomes before we
narrate them.

Consider institutionalization again. A treaty that commits parties to durable principles can
reduce uncertainty, but only if it is linked to implementable mechanisms and repeated summit
routines. A purely rhetorical treaty can still have value as signaling, but it is not robust governance.
The evidence matrix separates these pathways. It also makes room for local agency: pushback
does not always appear as overt rejection. It can appear as renegotiation, slow implementation,
selective compliance, or accelerated diversification toward other partners.

The same logic applies to trade corridors. A rapid increase in trade volume can reflect
structural complementarities, but it can also reflect political rerouting. What matters for a testbed
is whether corridor scaling produces governance innovations - new customs arrangements, risk-
sharing models, or standardized logistics protocols - and whether these innovations then travel
beyond the region.

Finance and debt governance are even more sensitive. Here the literature has been
polarized. Table 2 therefore anchors evaluation in peer-reviewed frameworks and curated
datasets. The AidData geocoded dataset in Scientific Data provides a cross-national evidence base
for Chinese development finance commitments and their characteristics [5]. Meanwhile, Bandiera
and Tsiropoulos develop an analytic framework in the Journal of Development Economics for
assessing debt sustainability challenges associated with BRI-type lending, offering tools to
separate genuine distress risk from political rhetoric [6]. Together, these sources allow analysis
without sensationalism and without invented precision.



Proceedings of the 12th International Scientific Conference

Table 2. Evidence matrix: how the testbed works in practice (selected verifiable markers)

Mechanism in | What is | What What  counts | Why this | Primary
the testbed | being tested | counts as | as failure or | matters verificatio
model success for | pushback analytically n anchor
Beijing
Institutionalizatio | Can ad hoc | Treaty Hollow Order-building | 2025
n ties become | language + | documents, depends on | treaty
durable routinized | uneven durable rules reporting
regional summit implementatio (7]
architecture | mechanism | n
s
Trade  corridor | Can Sustained Bottlenecks, Connectivity Customs
scaling overland trade politicized reshapes series
Eurasian growth  + | rerouting dependencies trend [8]
routes  be | corridor
expanded throughput
reliably
Energy leverage | Can energy | Stable Pricing Asymmetric Pipeline
calibration ties deliveries + | disputes, interdependenc | volumes
translate incrementa | diversification, | e becomes | reporting
into | upgrades | delays leverage (9]
predictable
influence
Security Can security | Legal- Legitimacy Security norms | SCO
governance cooperation | institutiona | backlash, shape regional | Charter
be | securitization | order (UN) [10]
normalized | embedding | anxiety
multilaterall
y
Narrative Can Positive High presence, | Soft power is | Soft
conversion material reception + | low trust not automatic power
presence reduced scholarshi
become suspicion p[2]
legitimacy

Table 2 forces precision about “success” and “failure.” In many discussions of China’s
external policy, success is assumed: if a project is built, the influence is presumed. The evidence
matrix rejects that shortcut. A project can exist and still produce political backlash. A treaty can be
signed and still remain thin. A summit can be held and still fail to routinize compliance.

The table also clarifies that pushback is often quiet. Central Asian states may not loudly
reject cooperation; they may instead diversify. They may accept certain instruments (trade,
transit) while hedging others (security, finance). The testbed framework predicts such selective
uptake, because partners are rational actors managing asymmetric dependence. The testbed is
therefore interactive: Beijing tests instruments, and partners test Beijing’s tolerance for
bargaining, revision, and autonomy.

A further implication is methodological. Table 2 provides a template that can be reused for
other regions. If Central Asia is genuinely a testbed, then the same mechanism categories should
appear elsewhere in similar form: institutionalization drives, corridor scaling, debt-risk
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management, narrative conversion. What changes is the local ecology: domestic politics, rival
presence, and the intensity of securitization. That is exactly why Central Asia is useful analytically
- it is “compact enough” to study deeply, yet structurally connected to broader Eurasian order-
making.

Security cooperation in Central Asia cannot be analyzed as an add-on. It functions as an
institutional technology that stabilizes cross-border governance under a shared vocabulary:
terrorism, separatism, extremism, and the promise of stability. This vocabulary has legal form. The
Shanghai Cooperation Organization’s Charter is registered in the UN treaty system, which gives it
a formal international-law footprint and makes its institutional design publicly verifiable [10]. The
Charter’s significance here is not moral evaluation; it is analytic: it institutionalizes a security logic
that can be linked to other policy sectors.

The region’s security architecture also acts as a reputational hedge. When Beijing presents
connectivity projects, it can simultaneously point to multilateral security formats as evidence that
cooperation is “rules-based” and regionally supported. This is an important difference between
purely bilateral security ties and multilateral ones: multilateralism can diffuse responsibility and
cloak bilateral asymmetries.

However, securitization carries a predictable risk: it can trigger sovereignty concerns and
public suspicion, especially when security language appears to justify constraints on domestic
space. The testbed interpretation predicts that Beijing will calibrate securitization intensity:
enough to manage Xinjiang-adjacent risk and protect corridors, but not so much as to provoke
sustained public resistance that could undermine long-term cooperation.
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Figure 2. Institutional pipeline from security language to policy portfolio

Figure 2 explains why debates about “economics versus security” often miss the structure
of contemporary regionalism. In practice, the economic and the security are braided. A corridor is
a logistics object, but it is also a governance object. Protecting it invites securitization.
Securitization invites legitimacy scrutiny. That scrutiny then feeds back into how projects are
framed and implemented. This is a classic feedback loop, and it is exactly what makes a region a
testbed.

The UN-registered status of the SCO Charter matters because it locks the security
vocabulary into an institutional format that is hard to dismiss as ad hoc. It provides continuity
across leadership changes and reduces uncertainty for bureaucracies that implement cooperation.
Yet continuity can also harden perceptions of constraint. The testbed framework therefore
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predicts a recurring pattern: institutional stability rises, and simultaneously balancing behavior
intensifies. States can welcome stability and still fear over-embedding.

This also clarifies why external competition increases. When security and connectivity are
institutionalized, rival actors interpret the region as a site of rule-making, not only market-making.
That perception triggers alternative offers: governance assistance, investment packages, security
dialogues. The next figure takes that competitive dimension seriously.

Central Asia is not only a site of China’s experimentation; it is a site of competitive
regionalism. When external actors treat the region as strategically pivotal, they attempt to shape
the menu of options available to Central Asian states. The EU’s 2019 Joint Communication on
Central Asia explicitly frames the relationship around resilience, prosperity, and regional
cooperation, signaling a governance-centered approach rather than a narrow trade agenda [11].
Meanwhile, the United States has institutionalized the C5+1 platform as a regional diplomatic
format, aimed at cooperation with the five Central Asian states on issues ranging from security to
economic connectivity [12]. These moves do not erase China’s role, but they raise the strategic
price of policy missteps. In a competitive environment, reputational shocks travel faster, and
partner states gain leverage by signaling alternative alignments.

Beijing itself has responded by intensifying narrative and institutional framing. In the 2022
virtual summit remarks, China explicitly elevated “community with a shared future” language and
emphasized principles such as mutual respect and good-neighborliness [13]. In 2023, the China-
Central Asia summit keynote speech reinforced this community framing and positioned the region
as the cradle of the Silk Road Economic Belt idea [14]. What matters here is not whether one
accepts the rhetoric, but how rhetoric functions as policy glue in a competitive environment: it
tries to stabilize expectations and reduce partner incentives to defect.
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Figure 3. Competitive regionalism map
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Figure 3 makes the competitive structure explicit. A testbed is most informative when
multiple actors observe the outcomes. Central Asia is precisely such a space. If China’s
institutionalization succeeds, rivals learn and counter-offer. If it fails, rivals exploit the reputational
opening. This dynamic accelerates learning cycles and forces Beijing to refine instruments.

Competition also empowers local agency. Central Asian states can use external rivalry to
negotiate better terms, diversify routes, and avoid overdependence. In the testbed framework,
this is not noise; it is the mechanism that generates feedback and forces adaptation. When
partners have alternatives, Beijing must compete not only with money, but with contract quality,
transparency, and respect for sovereignty optics.

This competitive lens also helps interpret why Beijing invests in legal and narrative
architecture. Infrastructure alone is not enough in a crowded field. Treaties, summit routines, and
shared vocabulary aim to bind partners through predictability and expectation. Yet binding can be
interpreted as constraint, so the strategy is inherently delicate. That delicacy - the constant need
to calibrate - is exactly what a testbed environment produces.

Discussion

The results support a disciplined version of the testbed claim. Central Asia is not a passive
stage for Chinese ambition; it is an arena where multiple policy instruments are tested under real
constraints and observed by rivals. Three points deserve emphasis.

First, institutionalization has accelerated. The 2025 treaty reported by Reuters indicates a
move toward legally framed, routinized partnership language, reinforced by material incentives
[7]. Institutionalization reduces uncertainty but raises sovereignty sensitivity, especially when
paired with security vocabulary. Thus, institutionalization is a capability with built-in backlash risk.

Second, economic scaling creates both opportunity and vulnerability. The customs-based
trade series reported by Xinhua and State Council channels shows a clear expansion from 2013 to
2024, with record levels for early 2025 [8]. Growth strengthens interdependence and makes the
region more central to China’s westward economic strategy. But it also makes China more exposed
to regional political disruptions, forcing greater risk governance sophistication.

Third, finance and legitimacy remain the most fragile dimensions. The AidData dataset
offers a rigorous external base for tracking Chinese development finance globally and regionally
[5]. The debt sustainability framework in the Journal of Development Economics provides analytic
tools for diagnosing distress risk without propaganda [6]. Together, they imply a sober conclusion:
the success of Chinese external policy in Central Asia depends less on how much is built and more
on how risk is distributed, disclosed, and politically managed.

Finally, competitive regionalism means China’s policy errors are amplified. EU and US
regional formats give Central Asian states additional bargaining power [11], [12]. This does not
diminish Beijing’s role; it changes the equilibrium. A testbed is not only where policies are tested;
it is where they are stress-tested by competition.

Conclusion

Central Asia has become an unusually information-rich arena for evaluating how China
practices external policy under real constraints. The region concentrates several of Beijing’s
strategic imperatives in one geopolitical corridor: western border security considerations,
overland connectivity toward Europe and the Middle East, energy supply reliability, and the long-
term ambition to embed cooperation in durable institutions rather than episodic diplomacy. In
2013, when Xi Jinping delivered his speech at Nazarbayev University and publicly advanced the
Silk Road Economic Belt idea, the significance was not only rhetorical. It announced an intent to
treat Central Asia as a place where economic integration, political reassurance, and institutional
design could be assembled into a repeatable portfolio and then scaled.
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What makes the region testbed-like is the speed and clarity of feedback. Connectivity plans
do not remain abstract in Central Asia: corridor performance is quickly translated into trade
statistics, logistics bottlenecks, border procedures, and domestic narratives about “who benefits.”
In mid-2025, the trade figures released via Xinhua and attributed to China’s customs authority
indicated that China’s trade with the five Central Asian states reached 286.42 billion yuan in the
first five months of 2025, a record for that period. This kind of measurable scaling matters in a
scientific sense because it provides a hard empirical backdrop for interpreting political moves:
institutionalization and rhetoric do not float in a vacuum; they are attached to a growing material
relationship whose distributional consequences are debated domestically.

Institutional design, in turn, has visibly thickened. The 2025 Astana summit produced a
treaty framed as “permanent good-neighbourliness and friendly cooperation,” reported by
Reuters, alongside a pledge of 1.5 billion yuan in grants. From a governance perspective, this is
not merely ceremonial. Treaties and summit routines function as commitment devices: they
reduce uncertainty for bureaucracies, investors, and security services by stabilizing expectations,
and they attempt to transform bilateral bargaining into predictable regional architecture. Yet the
same institutional density can also generate counter-effects. The more durable the architecture
becomes, the more it can be interpreted by local publics as constraint, and by elites as a domain
where sovereignty optics must be actively managed. This is precisely why the “testbed” metaphor
must be treated analytically rather than triumphantly: policy learning occurs not only from
success, but from friction.

Security governance is a central part of that friction. Central Asia is one of the few regions
where China’s security vocabulary, multilateral institutional forms, and economic portfolio are
tightly braided. The Shanghai Cooperation Organization is critical here because its Charter is
registered in the UN system, giving the institutional design a formal international-law footprint
rather than an opaque arrangement. In practice, such institutional frameworks can facilitate
coordination on cross-border risks and protect the political conditions under which large-scale
connectivity is possible. At the same time, they can amplify legitimacy concerns if securitization is
perceived as spilling into domestic governance. The testbed logic predicts continuous calibration:
too little security framing risks corridor vulnerability, too much risks reputational costs and
domestic backlash that can slow implementation or strengthen balancing behavior.

Political economy is the other axis where learning is most visible, and also most politically
charged. Infrastructure finance is not neutral capital. It is a governance relationship that
distributes risk across state budgets, state-owned enterprises, and societies, often under
conditions of incomplete information. This is exactly why debt sustainability frameworks matter
more than slogans. Bandiera and Tsiropoulos propose an approach for assessing how Belt and
Road corridor investments can affect debt vulnerabilities even when comprehensive information
on terms is limited, which is a realistic description of the empirical environment researchers face.
The pointis not to label outcomes in advance, but to insist on measurable mechanisms: contingent
liabilities, refinancing pressure, foreign-exchange exposure, and the domestic politics of
transparency. If China adjusts contract design, increases co-financing, or shifts toward more
reputationally resilient forms of engagement in response to these pressures, that is direct
evidence of policy adaptation.

Methodologically, the research landscape has also improved, which strengthens what can
be claimed without invention. The AidData team’s peer-reviewed dataset work in Scientific Data
provides a structured, geocoded basis for analyzing patterns of Chinese development finance and
project characteristics across countries and over time. For Central Asia, these matters because it
allows a discipline of argument: rather than relying on anecdotes, scholars can cross-check claims
about scale, sectoral concentration, and the geography of projects. The existence of such datasets
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does not settle political debates, but it sharply raises the standard for empirical seriousness, which
is exactly what high-quality scholarship requires.

Competitive regionalism now intensifies the testbed dynamic. Central Asia is no longer a
quiet arena of “mostly bilateral” engagement. It is increasingly a site where multiple external
actors watch each other’s templates and counter-offer. In such an environment, the penalty for
reputational shocks rises: procurement controversies, debt anxieties, and public protests do not
remain local stories, they become strategic signals interpreted by rivals and leveraged by domestic
actors. That context helps explain why Beijing has invested heavily in narrative and institutional
framing in official summit speeches, including the 2022 virtual summit remarks and the 2023
China-Central Asia summit keynote that explicitly articulate a “shared future” community language
and emphasize good-neighborliness principles. Even if one reads this language skeptically, it
performs an observable function: it attempts to stabilize expectations and lower the perceived
political cost of cooperation for partner elites.

The core conclusion, therefore, is double-edged but analytically clean. Central Asia
functions as a testbed not because it is weak or passive, but because it is structurally positioned
to generate rapid feedback across multiple policy domains at once. Beijing can deploy a portfolio,
observe results, absorb friction, and revise templates. Yet the same structure gives Central Asian
states agency and leverage: they bargain, diversify partners, and convert external competition into
improved terms or symbolic autonomy. In other words, the testbed is interactive. China tests
instruments, while Central Asian governments test China’s tolerance for revision, transparency
demands, and sovereignty-sensitive framing.

This conclusion has practical implications. For Central Asian governments, the priority is
not to “choose a side,” but to professionalize bargaining capacity and reduce politicized volatility
by improving disclosure, procurement standards, and risk-sharing norms in major projects. For
China, the strategic challenge is to treat reputational resilience as an asset class: project delivery
metrics are no longer sufficient if legitimacy and fiscal risk determine long-term sustainability. For
external partners beyond China, credibility depends on delivery and respect for local constraints,
not only on rhetoric about “alternatives.” A region becomes a testbed precisely when actors can
learn. Central Asia is now one of the clearest places where that learning is visible in real time,
through measurable trade expansion, treaty institutionalization, and the continuing negotiation
between connectivity ambition and sovereignty politics.
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Pedagogical Sciences

YIK: 373.3:004

MHTEPARKTWBTI "RoHE BEB-
TEXHOJIOTUANAPABI KOJIAAHY APKbI/Ib
BACTAYbILL CbIHbITT ORYLUBINAPBIHBIH
bINIM CANACBIH RETINLIPY

AHTACOBA XKAAbIPA HYPMAXAHBETOBHA

Abalt atbiHAafbl Ka3akK ¥YATTbIK Neaarornkanblk YHUBEPCUTETIHIH, AOKTOPAHTbI, AAMaThI,
Ka3aKcTaH

AMAHOJ10BA *YN/bI3AA OPbIHEACAPKbI3bI

Abain aTbiHAafbl Kasak YATTbIK NeaarorMkanblk YHUBEPCUTETIHIH JOKTOPAHTbI, AIMaThl,
KasaKkcTaH

Angatna. Makanaga 6acTayblll CbiHbIN OKyLIblAAPbIHbIH, 6ifiM canacbiH apTTbipyaa
WHTEPAKTUBTI KoHe Beb-TexHONOorManapabl KOAZAaHY »KOANJapbl KapacTbipblifaH. 3epTTey
HapbicbiHAa BebO-pecypcTap MeH WMHTEePaKTMBTI TamncblpManapabiH OKylblNapAblH TaHbIMAbIK
6enceHainirii, NaHAK AaFAblNapPbiH KOHE KOMMYHWKATUBTIK KabineTrepiH AambiTyaafbl peni
TangaHabl. VIHTepakTUBTI aaicTep meH Beb-nnaTdopmanapabl KOAAAHYAbIH cabakKka KaTbicy
H6enceHainirii, oKy MOTMBALMACbIH XaHe b6iniMai meHrepy AeHreniH apTTbipyaasbl TUIMIIAIT
KepceTinreH. MaKkana npakTUKanblK MbiCanaap MeH aAiCTeMENiK YCbIHbIMAAPAbI KamTuapl, Byn
HacTayblll  CbiHbIN  Myfanimaepi VWiH cabaK KocCnapblH XeTinaipy KaHe  UUMOp/bIK,
TexHoMorMaNapabl TMiMAI KonaaHyfa Heriz 6ona anaapi.

TyliH ce3aep: MHTEePaAKTUBTI TEXHONOrMANAP, BeB-TexHoNornsnap, 6actaybll CbiHbIM, Hinim
canacbl, OKyLWbINapAblH AaFAblnapbl, 31EKTPOHAbLI PpecypcTap, OHAAMH TecT

Kipicne

Kasipri 6inim 6epy »yiMeci *)bingam undpnanyaa, 6yn oKy NMPOLECiH KaHapTydbl KaHe
3amaHaym TexHoNorvanapAbl KoAAaHyAbl KaxkeT eTefi. bacTaybil CbIHbIM OKYyLWbIIAPbl YLiH
cabaKTblH KbI3bIKTbl 9pi HOTUXKENI OTyi 0napablH bonalakTasbl OKY KETICTIKTEPI MEH MKaH-KaKTbl
[AaMYbIHbIH Heri3i 6onbin Tabblnaapl.

NHTepaKTMBTI KaHe Beb-TexHonorvanapapl KongaHy cabakka »kaHa cepniH Oepin,
OKYLIbINAPAbIH, NaHre AereH KbI3blFyWblblFbIH apTTbipadbl. CoHbiIMeH KaTap, Oyn agicTtep
OKYLUbINAPAbIH NMIHAIK }KaHE KOMMYHUKATUBTIK AafAblNapbIH XKeTinaipyre, ©3 beTiHle oinay KaHe
WbIFapMallblNbIK KabineTTepiH AambITyfa MyMKIHAIK 6epeai. bactaybiw 6inim bepy aeHreniHae
TexHoNorMaAnapapl TMiMAI KoAdaHy negarormkazarbl 63eKTi macesie 60bin Tabblnaabl, OUTKEHI
OKYLLIbIHbIH, OKY canacbl OHbIH, HonalakTafbl BiNiM AeHreniHe KaHe TaHbIMAbIK BenceHainiriHe
Tikenemn acep eteai.

LUndpnbik  pecypcTtapra binim b6epy nnatdopmanapbl, OKy Beb-caMTTapbl, 3/EKTPOHAbI
OKY/IbIKTap, MHTEPAKTUBTI Tancbipmanap, benHemaTepmnangap MeH OHMAANH XKaTTblFy1ap *KaTadbl.
Byn Kypanaap oKy yAepiCiH XaHAaHAbIPbIN, OKYLWbIHbIH 6enceHai KaTbiCyblHa KaFaan *Kacanabl.

Heriari 6enim
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NHTepaKTMBTI TexHonornanap 6actaybill  CbiHbIMN  OKYLIbINAPbIHbIH, - 6iniM  canacbiH
apTTbipyda MaHbl3Abl Pes atkapadbl. byn TexHonorvanap cabakka KaTbicy benceHminirix,
TaHbIMAbIK KbI3bIFYLLbIAbIKTbl KaHE LiblFapMallbliblK KabineTrepai AambiTyFa OafbiTTanfaH.
BacTayblll CbiHbINTA MHTEPAKTMBTI 3icTep cabak maTepuasbiH OKYLbIHbIH, *Kac epeKLUeniriHe can
KOHE KepHeKi Typae KeTkizyre MyMKiHZiK 6epeai. Onapfa 3/eKTPOHAblI  TakTanap,
MYNbTUMEAMANBIK Npe3eHTaumMANap, TOMTbIK KaHEe KYNTbIK KYMbICKA apHa/ifaH Tancbipmanap,
OHJIAMH OWblHAAP MeH BUKTOPMHaNap, benHemaTepuangap MeH BUPTYanabl 3KCKypcusnap
aTadbl. DNEKTPOHAbI TakTanap MeH npeseHTaumanap cabak maTepuasnblH BU3yandbl Typae
KepCceTin, oKyLWbl1apblH, Ha3apblH cakTanabl. TONTLIK KOHE KYMTbIK XYMbIC apKbl/bl OKYLLbIIAP
6ip-6ipimeH ©3apa KapbiM-KaTblHAC *Kacan, KOMMYHUKATUBTIK AafabliapbiH KeTingipeai. OHnanH
OMblHAaP, BUKTOPUHANAP *KaHe TecTTep binimai BeKiTy NpouUgeciH KbI3bIKTbl 9pi HaTUMXKENi eTesi, an
belHemaTepnangap MeH BUPTyandbl SKCKypCuMAnap OKy MaTepuanbiH  HakKTbl eMipmeH
H6annaHbicTbipaabl. Ocbl daicTepai KoAAaHy apKblabl OKYLWbIIAP MaTepuandbl TEPEH TYCiHin, o3
OMbIH EPKIiH KETKi3yre }aHe WblfapmallbliblK KabifneTTepiH KepceTyre MyMKiHAIK anagbl.

CoHbIMeH KaTap cabakka KaTbicy benceHainiri apTbin, oKy MOTUBALIMACKI Kyllenea,.
Beb-TexHoNOrMsANap MHTEPHET NaaTGopmanapbl MeH OHNAMH pecypcTapabl NanaanaHy apKbiabl
cabak, »Kyprizy agiciH bingipeai. bacTayblll CbiHbIN AeHreliHge Beb-TexHosorusnap cabak,
MPOLECIH »aHAaHAbIPbIN, OKYLbIHbIH, ©3 0OeTimeH 6iniMm anyblH KamTamacbi3 eTefi. Beb-
TEXHONOTMANAPAbIH, HETi3T apTbIKLWbINbIKTaPbl MbiHaAap: MaTepuanfa KOKETIMAINIK, KeKke Binim
TPAEKTOPUSACHI, OKY MOTMBALMACLIH apTTbipy KaHe Oinimai 6akblaayabiH, TMimainiri. OKyLwblaap
cabaKTaH TbIC yaKbITTa Aa mMaTepuanibl MeHrepe anafbl, an yaArepimi TOMeH OKyllblaap YLIiH
KOCbIMLLA Tancblpmanap Oepineai. Buayanapl KoHe WHTEPAKTMBTI MaTepuanaap cabakka
KbI3bIFYLLUbIAbIK TYAbIPbIN, OKYLIbIAAPAbIH OKY MOTMBALMACLIH apTTbipadbl. OHNaNH TecTTep MeH
BMKTOPUHAMaP apKblibl OKyLWbIIapablH 6i1iM AeHreliH HakTbl baranay MyMmKiHAir 6ap. Mbicansi,
6inim Hepy Beb-caTTapbl MeH OHMAWH NAaTopmanap apKblibl 9pHIp OKyLIbl TanCblpMaHbl 63
KapKblHbIMEH OpblHAAM anajbl. byn acipece ynrepimi TeMeH OKyLUbINap YWiH MaHbI3abl, cebebi
onap matepuanapl bipHelle peT KanTanan, TONbIK MeHrepe anagpl.

MHTepaKTMBTI »aHe Beb-TexHonornsnap cabak HapbiCbiHAA OKYLIbIAAPAbIH, NOHAIK KaHe
KOMMYHUKATMBTIK AafablnapblH AaMbITyFa YKEH MYMKIHAIK 6epeni. MaHAiK Aafablnap oHAAMH
TEecTTep, BMPTyandbl SKCNEPUMEHTTEP MKIHE WHTEPAKTMBTI KATTbIFy/1Ap apKbl/ibl apTadbl, Oy
6inimai 6eKkiTy MeH HakTblnay npoueciHe cenTiriH Turizedi. KOMMYHUKATUBTIK Aafabliap penmik
oMblHAap, TONTbIK »obanap, oHMaMH NiKipTanactap apKbiabl AaMUabl, OKyLIblIap 63 OnaapbiH
aMKbIH KeTKi3yai, Oip-6ipiH TbiHAAY/Abl *KOHE bIHTbIMAKTACTbIKTA MKYMbIC Kacaydbl yUpeHemq,.
NHTepaKTMBTI Tancbipmanap MeH Beb-TexHoNormsanapabl KongaHy cabakka Katbicy benceHainirid
apTTbIPbIN KaHa KoMMal, OKyLLblapFa e3 NikipiH Aanenaen, NorMkablk onnay KabineTiH AamblTyFa
MYMKIiHAIK 6epea,.

MpaKTuKanbiK Taxipnbe KepceTkeHaen, HacTayblll CbiHbINTapAa Beb KoHe MHTEPaKTUBTI
TexHonorvanapapl KongaHy cabakka KaTbicy OenceHAinirii apTTbipbin, OKYLWbIIAPAbIH, OKY
METICTIrH »KakcapTTbl. OHNAWH TecTTep MeH BUKTOPWHanap NaHAaik binimai HakTbl Oafanayra
KemeKTecTi. Pengik onbiHAaP MeH TONTbIK 0banap KOMMYHUKATUBTIK AafablAapablH, AamMyblHa
bIKNa €TTi, an 3NEeKTPOHAbl TanCblpMaap OKyLIbINApAblH, 63 DETIMEH KYMbIC iCTey AafablaapbiH
KanbINTacTblpAbl. 3epTTey HaTMKeci OoMbiHWA BeO KoHEe WHTEePaKTMBTI TexHOA0rvManapab
KO/ JaHfaH CbiHbINTapaa cabakka KaTbicy benceHainiri apTTbl, NaHAIK Binim canackl *Kofapblaasbl,
OKYLbINAPAbIH WblFapMallblNblK KabineTi Aamblabl, COHAAM-AK YArepiMi TOMEH OKyLLbINAPAbIH OKY
YKETICTIr *KaKcapabl.

ojicteMeiik 6esim

BacTaybill CbIHbINTAPAA UHTEPAKTUBTI KaHe BeO-TexHONorMANapaAbl TMIMAI KOAAaHY YLWiH
HaKTbl SAicTeMeniK Tacingep KaxkeT. daicTemenik benimae cabak yMbIMAACTbIPYAbIH, HETi3ri
NPUHUMATEPI MEH KaZdamaapbl KapacTbipblaaabl.
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Cabak ’KocnapblHa WHTEpPaKTMBTI 3anemeHTTepai eHrisy. Cabak KocnapbiHaa apbip
TaKbIPbINKa MHTEPAKTUBTI 31EMEHTTEP KOCY MaHbI3abl. Mbicanbl, cabak 6acbiHAa OKyLbINAPAbIH,
anaplHFbl Takblpbin 6oMbIHWA 6iniMiH TeKkcepy VLiH BMKTOPWMHA HEMECEe KbICKa OHAAMH TecT
}yprizyre 6onaabl. Cabak 6apbiCbiHAA TOMTbIK HEMECE MKYMTbIK KYMbICTAP, POJAIK OMbIHAAP,
Tancblpmanap MeH Cypak-Kayan ceccusanapbl oKylublnapasiH, 6enceHainirin apTtreipagsl. Cabak,
COHbIHAA 2NEeKTPOHAbl TECTTep MEH OHAaWH »KaTTbiFyaap apKblabl anfaH bGinimai bekity
YCbIHbI1abl.

1. Beb-pecypcTapapl narganaHy. Beb-texHonormsanapabl KonaaHy OKylbliapabiH ©3 6eTimeH
6inim anyblH KamTamacbi3 etegi. Myfanimaep 6inim 6epy naatdbopmanapbl, OHAANH OKY/bIKTAP,
MHTEPAKTUBTI Beb-calTTap MeH bOelHemaTtepuanaapdbl cabakTa KoAAaHybl KaxkeT. Mbicansl,
MaTemaTMka cabafblHA@ OHNAWH ecen WbiFapy naatdopmacbiH NakganaHy OKyLblAapAbiH
TaKbIPbINTbl KaMTanayblH XeHinaeteni, an aaebuet cabarblHAA@ 3NEKTPOHAbI KiTanTap MmeH
belHeoneHAep WbIFapmallbliblK KabineTTepiH gambiTaabl.

2. bafanay IKyMecCiH »KaHapTy. WHTepakTMBTI KaHe Beb-TexHo/MorMANapAbl KONAaHFaH
cabakTapaa okylwblnapablH 6inimiH 6aranayabiH TMiMAi aaicTepi KapacTblpblnaabl. Onapfa oHAaMH
TecTTep, BUKTOPMHANap, TancbipManapabl aBTOMaTTbl TYPAE TEKCEPY Kypanaapsbl *KaTaabl. MyHaaM
H6aranay aficTepi OKyLWbINaPAbIH, *KETICTIMH HaKTbl KOPCETIM, YaKbITblbl TY3ETY KacayFa MyMKiIHAIIK
bepen,.

3. XeKke Konpay KepceTy. YArepimi TemeH OKyllblfapFa KOCbIMLLA Tancbipmanap bepy Beb-
TexHonorvAnapapl TUIMAI  NandanaHyabiH  MaHbi3gbl  6eniri 6onbin  Tabbinagbl. OHMalH
nnatbopmanap apKblibl ap6ip OKYLIbIHbIH, OKY TPAEKTOPUACHI KeKke Typae KocnapaaHaabl, byn
ONnapAplH, NaHAI 63 KapKblHbIMEH MeHrepyiHe KemekTecedi. Myfanim OKyLbIHbIH, NPOrpeciH
HaKplnan, KaxkeT boNFaH Kafaanaa *Keke KeHeCTep MeH KOCbIMLLIA XKaTTblFy1ap YCbIHbIM OTbIPaZbl.
4. MyfanimHin, Kacibu gamybl. VIHTEPaKTUBTI }KaHe BEH-TEXHONOMMANAPAbI TUIMAT KONAAHY YLLIiH
Myfanimaepre apHarbl TPEHMHITEP, CEMUHAPAAP KaHe BeOMHaApAap yMbIMAACTbIPY YCbIHbIAAbI.
Byn OKbITylWbINApAblH, KaHa TexHonorvanapasl MmeHrepyiHe, cabak 6apbicbiHA@ 3amaHayu
a4icTepai KONAaHYbIHA XKafaan *Kacanabl.

5. CabakTa Ko/mKeTiMainik neH Kayincisgikti KamTamacbis eTy. Lmbpnabik pecypctap meH Beb-
TeXHON0rMANapAbl KONAAHFAHAA NHTEPHETTIH, KO/MKETIMAINIT, TEXHUKANbIK KYPanaapablH KyMbIC
icTeyi »KaHe OKylUblNapAblH, Kayincisgiri eckepinyi Kaxet. Myfanimaep apbip cabakka KasKeTTi
Kypanaapabl anfblH ana AalbiHAAMN, OKYLWblNapFa MHTEPHETTI Kayincis nanganaHy epesxkenepin
ynpeTyi Kepek. byn aaictemenik Kagamgap 6acTayblll CbiHbINTAa WMHTEPAKTMBTI KaHe Beb-
TexHonorvanapabl cabakka Kymeni eHrizyre MymkiHZiK 6epepi. HaTuxkeciHae OKylblnapabiH,
NoHAIK, KOMMYHWKATUBTIK »K3HE LWblFapMallblablK — Aafabliapbl  Aambin,  6inim  canacsl
YKOFapblnanapl.

KopbITbiHAbI

3epTTey HaTUXKeNepi KePCeTKEHAEN, MHTEPAKTUBTI KaHe BED-TexXHOornaNapabl KOAaaHy
HacTaybll CbIHbIM OKYLWbINAPbLIHbIH, 6iNiM canackiH apTTbipyAblH TUiMAj a4ici 6onbin Tabbinaabl. byn
aaicTep cabak NPOLECIH KbI3bIKTbl api HITUMXKENI eTin, OKyLblAapAbiH, NaHAIK, KOMMYHWKATUBTIK
YOHE LWblFapMallbINbIK AaFAblNapbiH AAMbITYFa MYMKIHAIK 6epedi. MHTepaKTMBTI Tancbipmanap
MeH Beb-pecypcTap apKbl/ibl OKyllblAap 3 6inimiH 6ekiTin, 3 H6eTiMeH »KyMbIC icTel anaTbiH
KabineTiH gambiTaabl. COHbIMEH KaTap, YArepiMmi TemMeH OKylIblIapfFa Xeke KoJaay KepceTy,
OH/IAMH TecTTep MeH Tancblpmanap apKbiabl Hinim  aeHreniH HakTbl 6Hafanay, cabakka
KbI3bIFYLLbIbIK NEH MOTMBALMAHbBI apTTbipy MyMKiHAIM Tyaabl. Myfanimaepre cabak, »ocnapbliHa
WHTEPAKTMBTI  31EeMEHTTep MeH BeD-TeXHONOrMANapAbl  KyMeni  eHrisy, Keke  OKy
TPAEKTOPUANAPbIH Kypy KaHe UMbpAbIK pecypcTapabl TMiMAI NaiaanaHy yCbiHblAaabl. byn Tacin
HacTayblll CbIHbIN OKYLLUbINAPbIHbIH, aH-*KaKTbl JamyblHa, 6inimre aereH Kpi3blfyLblAblfbiH
apTTbIPYFa KaHE OKY XKETICTIriH KofapblaaTyFa CENTIriH TUrisea;.
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KOopbITbIHAbINAN Kene, UHTEPAKTMBTI KaHe Beb-TexHONornAnapabl KOAAaHy - 3aMaHayu
6inim Bepy yaepiciHiH MaHbI3Abl Kypamaachl, 0 HacTayblll CbiHbINTAaFbl OKbITY CamnacbiH aHa
AeHrenre keTepyre MyMKiHAIK bepeai.
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Abstract. This study examines the organizational and methodological features of judo
training sessions for adolescents aged 11-13, a critical developmental period characterized by
intensive physical, psychological, and motor skill changes. Effective training at this age requires a
balanced integration of technical, physical, and pedagogical components that correspond to age-
related characteristics and long-term athlete development principles. The purpose of the study
was to identify and substantiate optimal approaches to planning and organizing judo training
sessions for adolescents aged 11-13.

The research employed theoretical analysis of scientific and methodological literature,
pedagogical observation, testing of physical and technical preparedness, and a formative
pedagogical experiment. The study involved adolescent judokas who participated in a structured
training program emphasizing basic technical skills, coordination development, flexibility, general
endurance, and safe execution of judo techniques.

The results demonstrated that training programs designed with age-appropriate load
distribution, progressive complexity of techniques, and an emphasis on game-based and
cooperative learning methods significantly improved technical proficiency, coordination abilities,
and motivation for regular training. Moreover, the application of pedagogically grounded training
principles contributed to injury prevention and positive emotional engagement.

The findings confirm that systematic consideration of organizational and methodological
features in judo training enhances training effectiveness and supports sustainable athlete
development at the initial specialization stage. The results may be used by coaches, physical
education teachers, and sports schools to optimize judo training programs for adolescents.

Keywords: judo training; adolescents; training organization; methodology; physical
development; motor skills; sports pedagogy.

Introduction

At present, the organization of training sessions within the sports training process across
various sports disciplines, as provided by the existing curricula of compulsory and supplementary
education, fails to fully address the problem of optimizing the physical condition of young people
due to a number of persistent difficulties.

First, there is a lack of continuity and effective interaction between school-based and
supplementary education. As a result, children and adolescents who enroll in sports schools often
do not possess a clear motivation for engaging in systematic physical exercise.

Second, itis recommended to use a variety of physical exercises aimed at improving physical,
functional, and psychophysiological conditions. A high level of such development, on the one



«Scientific Research and Experimental Development» (January 22-23, 2026). London, England || |Gl

hand, contributes to the formation of an active motor position, and on the other hand, promotes
the achievement of high sporting results in a specific sport.

Research conducted by specialists indicates an urgent need to implement physical exercises
during training sessions that ensure the improvement of sports preparedness among those
engaged in combat sports. Experts emphasize that training programs based solely on general
developmental exercises do not fully ensure the comprehensive development of the younger
generation. The key criterion determining the improvement of adolescents’ physical condition is
the systematic conduct of training sessions with a clearly defined structure aimed at solving the
tasks of holistic personality development.

One of the primary objectives of training sessions in various sports during the stage of
mastering a wide range of skills is to foster engagement in the selected type of motor activity and
to develop an understanding of the necessity and benefits of regular physical exercise.

According to established requirements, specialists in combat sports must conduct training
sessions with children and adolescents in accordance with educational curricula. Success in
expanding motor knowledge and skills in the chosen sport is guaranteed by the application of
physical exercises that contribute to the improvement of sports mastery. Competitive experience
in sports highlights the need for the active use of modern rehabilitation and recovery measures
that prevent the negative effects of unfavorable external factors.

The use of self-monitoring, self-analysis, and self-improvement practices enhances
motivation through the principle of feedback between children and educators. The effective
construction of the educational and training process in the chosen sport requires cooperation with
medical institutions and timely adjustments to training plans. When these conditions are met, the
possibility of increasing an athlete’s level of preparedness during training sessions is significantly
enhanced.

For educators, the outcome of organizing training sessions with children and adolescents
should be reflected in stable motivation to improve physical condition and a creative attitude
toward motor activity.

Social Functions of Training Sessions in General and Supplementary Education

Training sessions for children and adolescents in general and supplementary education
systems aim to fulfill the following social functions:

Transformative and Creative Function — ensures the development of external and internal
physical parameters, the cultivation of physical qualities and abilities through various forms of
motor activity, health promotion, and the enhancement of personal qualities necessary for
professional activity;

Integrative and Organizational Function — promotes the development of mutual assistance
and support among adolescents during collective training, positively influencing the effectiveness
of sports activities;

Design and Creative Function — activates self-knowledge, self-affirmation, and self-
development processes, revealing individual abilities that contribute to the comprehensive
formation of personality;

Design and Prognostic Function — manifests in knowledge related to the use of various types
of motor activity for improving one’s physical capabilities, based on intellectual potential,

Value-Oriented Function — contributes to the formation of values associated with physical
activity;

Communicative and Regulatory Function — characterizes general culture and interaction
with peers during training, contributing to positive emotional states and psychological balance;

Socialization Function —involves integrating the individual into the system of social relations
through systematic participation in physical exercise.

Pedagogical Tasks in Organizing Training Sessions in Combat Sports
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To achieve the set goals in organizing training sessions for children and adolescents engaged
in combat sports, the following pedagogical tasks must be addressed:

e the use of training tools that ensure the improvement of sports mastery;

e enrichment of training content with scientific and practical knowledge reflecting current
trends in combat sports;

e consideration of children’s and adolescents” motivation toward combat sports and the
formation of value-based attitudes ensuring systematic engagement;

e improvement of methodological skills aimed at organizing individual training sessions that
enhance psycho-emotional state;

e creative application of existing knowledge, skills, and abilities in practical training activities.

Table 1. Organizational and Methodological Principles for Planning Training Sessions in Judo for
Adolescents Aged 11-13

Principle Content and Methodological Orientation

Allocation of training | Up to 25% of session time devoted to the development of motor

time abilities (endurance, coordination, speed)

Regulated execution | Training tasks performed primarily under regulated time conditions

Motor density Use of traditional judo movements characterized by high intensity and
motor density

Special physical Up to 40% of training time allocated to special physical preparation

training aimed at improving sports mastery

Strength Exercises targeting upper and lower limbs, trunk, and back muscles

development using repetition, circuit, and control methods

Age appropriateness | Preference for bodyweight exercises adapted to age and physical
condition

Recovery orientation | Inclusion of health-enhancing and recovery-focused exercises to
prevent overfatigue

Results

The results of the pedagogical experiment demonstrated positive changes in both groups;
however, significantly greater improvements were observed in the experimental group.

Physical Fitness Indicators

After the intervention, adolescents in the experimental group showed statistically
significant improvements across all physical fitness indicators (p < 0.05). Strength endurance
(push-ups) increased by 22.4%, agility by 18.7%, and endurance performance by 15.9%. In
contrast, the control group demonstrated moderate improvements ranging from 6.3% to 9.8%,
which were not statistically significant in several tests (p > 0.05).

Special Physical Preparedness

The experimental group exhibited a significant increase in grip strength endurance
(+19.6%) and the number of effective technical actions during sparring (+21.3%, p < 0.05). The
control group showed only minimal improvements (+7.4% and +8.1%, respectively).

Psychophysiological Indicators

Reaction time in the experimental group improved by 17.2%, and attention stability
increased by 14.8%, indicating enhanced psychophysiological readiness for competitive activity.
Changes in the control group were statistically insignificant (p > 0.05).

Motivation for Training

Questionnaire analysis revealed a significant increase in intrinsic motivation toward regular
training among experimental group participants. The proportion of athletes demonstrating a high
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level of motivation increased from 37.5% to 66.7%, whereas the control group showed no
substantial changes.

Summary of Key Experimental Results

Indicator Experimental Group Control Group
Strength endurance +22.4%* +8.1%
Agility +18.7%* +6.3%
Endurance +15.9%* +9.8%
Technical effectiveness +21.3%* +8.1%
Reaction time +17.2%* +5.4%
Motivation level +29.2%* +7.6%
Note: p < 0.05

Interpretation
The experimental data confirm that the optimized organizational and methodological approach to
structuring training sessions in judo significantly enhances physical, technical, psychophysiological,
and motivational indicators in adolescents aged 11-13. The findings support the effectiveness of
age-appropriate load distribution, increased emphasis on special physical preparation, and the
integration of recovery-oriented methods in youth judo training.

Discussion

The organization of training sessions in combat sports for children and adolescents
represents a significant challenge in contemporary sports pedagogy. Despite the widespread
inclusion of various sports disciplines in compulsory and supplementary education curricula,
existing training models often fail to fully address the task of optimizing the physical condition,
functional readiness, and motivation of young athletes. International research indicates that
traditional training approaches, predominantly focused on general physical exercises, do not
sufficiently ensure the comprehensive development of adolescents, particularly during the early
specialization stage (Franchini et al., 2011; Detanico et al., 2012).

Early adolescence (11-13 years) is characterized by intensive biological maturation,
heightened neuroplasticity, and increased sensitivity to pedagogical influences. According to long-
term athlete development frameworks, this period corresponds to the “learning to train” stage,
during which the foundations of physical literacy, sport-specific motor skills, and stable motivation
for physical activity should be established (Lloyd et al., 2015; Coté et al., 2014). However, the lack
of continuity between school-based physical education and supplementary sports training often
results in low initial motivation among children entering sports schools, limiting the effectiveness
of training interventions.

Numerous international studies confirm that systematic judo training positively influences
key physical qualities such as strength endurance, agility, coordination, and flexibility, which are
crucial determinants of performance in combat sports (Drid et al., 2015; Franchini et al., 2013). At
the same time, researchers emphasize that the effectiveness of training at this age depends not
only on training volume but also on the rational distribution of training content and the inclusion
of sport-specific exercises aimed at improving special physical preparedness (Brito et al., 2012;
Julio et al., 2017).

The results of the present study support these findings, demonstrating that an optimized
organizational and methodological model with increased emphasis on special physical preparation
leads to significantly greater improvements in technical effectiveness and grip-related endurance
among young judokas. Similar conclusions have been reported in studies highlighting the close
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relationship between motor abilities, neuromuscular coordination, and the successful execution
of technical actions in judo (Franchini et al., 2005; Miarka et al., 2016; Sterkowicz et al., 2013).

Beyond physical and technical outcomes, growing evidence suggests that martial arts
training exerts a positive influence on psychophysiological and cognitive functions in children and
adolescents. Improvements in reaction time, attention stability, and self-regulation have been
documented among young athletes engaged in combat sports, reflecting enhanced central
nervous system regulation and perceptual-motor integration (Diamond, 2013; Lakes & Hoyt,
2004). The present findings, which revealed significant gains in psychophysiological indicators in
the experimental group, align with this body of research and underline the importance of
incorporating pedagogically grounded training methods.

From a long-term development perspective, international guidelines stress the necessity of
age-appropriate training loads, gradual progression, and the balanced integration of general and
special physical preparation, technical learning, and recovery-oriented activities (Lloyd et al., 2015;
World Judo Federation, 2022). The training model applied in this study reflects these principles
and confirms their effectiveness in enhancing both performance-related and health-related
outcomes.

Motivation and sustained engagement in sport represent additional critical factors in youth
athlete development. Research shows that training programs characterized by task variety,
achievable goals, and positive feedback mechanisms contribute to the formation of intrinsic
motivation and long-term adherence to physical activity (Coté et al., 2014; Bompa & Buzzichelli,
2019). The observed increase in motivation among participants in the experimental group
supports these conclusions and emphasizes the pedagogical value of well-structured and
developmentally appropriate training sessions.

In summary, the integrated analysis of the present results and international literature
confirms that judo training for adolescents aged 11-13 is most effective when based on
scientifically substantiated organizational and methodological principles. Such an approach
ensures not only the improvement of physical and technical preparedness but also supports
psychophysiological development, motivation, and health preservation, which are essential
components of sustainable long-term athlete development (Franchini et al., 2011; World Judo
Federation, 2022).

Conclusion

The present study substantiates the effectiveness of an optimized organizational and
methodological approach to structuring judo training sessions for adolescents aged 11-13. The
findings demonstrate that training programs designed with consideration of age-specific
characteristics, rational load distribution, and increased emphasis on special physical preparation
lead to significantly greater improvements in physical fitness, technical effectiveness,
psychophysiological readiness, and training motivation compared to traditional curriculum-based
approaches.

The results confirm that systematic implementation of sport-specific exercises, combined
with pedagogically grounded methods and recovery-oriented activities, contributes to the holistic
development of young judokas and supports health preservation during the early specialization
stage. The observed improvements in reaction time, attention stability, and intrinsic motivation
highlight the importance of integrating psychophysiological and motivational components into the
training process.

From the perspective of long-term athlete development, the proposed training model
aligns with international frameworks emphasizing gradual progression, age-appropriate intensity,
and the balanced integration of general and special physical preparation. Such an approach
creates favorable conditions for sustainable skill acquisition, injury prevention, and long-term
engagement in judo.
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The practical significance of this study lies in the possibility of applying the proposed
organizational and methodological principles in children and youth sports schools, supplementary
education institutions, and judo clubs. The results may be used by coaches, physical education
teachers, and sports methodologists to optimize training programs for adolescents and to
enhance the effectiveness of youth judo training.

Future research should focus on expanding the sample size, incorporating longitudinal
designs, and applying objective training load monitoring tools to further validate and refine the
proposed model. Overall, the findings contribute to the scientific justification of age-appropriate
and pedagogically oriented training strategies in youth judo and combat sports.
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APHAMbBI MHKHO3MBTI BIIM BEPY
OPTACbIH 9NEYMETTIK-MEAATOMMKANBIK
YMbIMAACTBIPY APKbI/bl KYPY

LLinpnHbaesa N'ynbaxmpa KonbaraposHa

MNeparornKka fblAbiIMAAPbIHbIH KAHAMAATLI, KAaybIMAACTbIPbIAFAH Npodeccop. Abal
aTblHAaFbl Ka3aK YATTbIK NeaarorMkanblk yHUBepcuTeTi (AAMaTbl Kanachkl, KasakcTaH)
KownkaHoBa lNynblwat AigapbekoBHa

nokTopHaT, K.Caraaunes aTbiHAAFbl XanblkapanblK busHec YHuBepcuteTi, (Anmatsl
Kanacbl, KasakcTaH)

NHKNt031BTI 6iniMm Bepy opTacbiH KYPY apKblibl MYMKIHAIr WeKkTeyni banaHbl apHaibl OKbITY
yAepiciH yibiMaacTblpy, ap Dana epekKlle »KaHe O3iHiH KeKe KaxKeTTinikTepi, Kabinetrepi meH
KMbIHAbIKTapbl bap macenenepmeH Tikenen bannaHbicTbl. MHKNO3UBTI Binim 6epyai aneymeTTik-
neaarornkanbiK YMbiMAacTbipy 6ya XKannbl 6inim 6epy KyneciHae kafaan »Kacay, oHaa apTypAi
epeKkweniktepi 6ap (dM3MKanbik, UHTENNEKTYaNablK) Bananap KofamfFa CaTTi MHTErpaumanaHysa
benimgenreH Kongay ana oOTbIpbIN, KypAacTapbiMeH bGipre okuabl. byraH xeke 6inim bepy
TpaeKkTopusanapbiH a3ipaey, matepuangapabl benimaey, Konaay opTacbiH Kypy aHe neparor-
MamaHAapAblH cyremengeyi Kipeai. Herisri miHgeT-canansl 6inim anyfa TeH, KOIKETIMAINIKTI
KamTamMacbI3 eTy }aHe bapblK 6ananapabl aneymetreHaipy. Munnvran med KenHHeanain, (2016)
3epTTeyiHe CcalKec, caHblpay Oananapibl OKbITyFa apHaafaH KypblaFblAapabl nanganaHy oKy
TUIMAINITIH apTTbIpyFa oHe onapAblH, OKydafbl apTTa Kany AeHreriH TemMeHAeTyre MyMKiHAIK
bepeai [1].

Erep myHZan Gana meKkTenke Keace, MyfaniMHiH MiHAeTi-DanamMeH Kanan »KymbiC icTey
KEPEeKTIriH, OHbIH, eCTYy KaHe aKknapaTTbl KabblAay epeKklWenikTepi KaHaalM eKeHiH XaHe ofaH OKy
MPOLECIH Ka/lal »eHiNAeTy KepeKTiriH ToAblFblpak, biny. ¥YTKbIP/AbIFbl WEKTEeYNi Hemece KO3Fasibic
HenceHainiri wekTeyni 6ananap KaraanbliHAA@ MEKTEN ONAPAblH TONbIKKAHAbI OKYybl MEH KapbiM-
KaTblHacbiHa benimaenyi kepek. Mblicanbl, MOTOPUKACbIHbIH, epeKlenikTepi 6ap H6ana apHaubl
KemeKllinepre, neHe TopbueciHe KoHe KypaacTapbiMeH Oacka [Aa ic-liapanapfa bHenceHAi
KaTbiCyfa MYMKIHAIK OepeTiH apHalbl kabAblkTapFa KO KeTKi3ydi KamTamacbl3 eTyi Kepek.
KapmuHckaa meH PoseHTanb (2018) »kyprisreH 3eptTeynep ©M3MKaAbIK LWeKTeyaepi 6ap
HananapapiH, GU3MKANbIK KATTbIFyNapFa YHEMI KaTbiCybl 0NapAblH, GM3MKaNbIK AaMyblHA faHa
eMecC, COHbIMEH KaTap e3iH-e3i baranay AeHreniHiH, sKoFapbliaybiHa biknan eTeTiHiH KepceTei, by
eTe MaHbI3abl. MeKTenTepae ceiney Kabineti Hy3binFaH XaHe KOMMYHUKATMBTI KMbIHABIKTAPbI
H6ap HGananapfra Konaay KepceTinyi Kepek. Mbicanbl, MMKTOrpaMmanapaspl Hemece apHaibl OKbITY
KonaaHbanapblH NaiaanaHy ceiney KabineTi Hy3binFaH 6anaHblH, OKY KoHE KapblM-KaTblHAC
npoueciH alTapabikTan eHingeteai. WmnaTTiy (2020) 3epTTeyiHe calikec, MyHAal aaictepi
KONAaHY KapbiM-KaTblHAC AafAblNapbiH }KaKcapTyFa KOMeKTece i *aHe 6ananapapiH 0Cbl CaHaTbIH
MeKTEeN KaybIMAACTbIFbIHbIH, benceHai emipiHe KocyFa KemekTeceai. Ananaa, MyMKIHAIT WeKTeyi
HanaHbl OKbITY NPOLLECIH CTTI YMbIMAACTbIPY TEK apHaMbl d4iCTEP MeH XKababIKTapAbl KONAAHY bl
faHa emec, COHbIMEH KaTap OH, binim 6epy opTacbiH Kypyabl Tanan eteai [2].

ONeyMETTIK-NeAarormkablk YMbIMAACTbIPYAblH, HEri3ri NpUHUMNTEPI MEH 3/1eMeHTTepi:
PTYPAINIKTI Kabblngay: Oapnblk bHananap KyHAbl KaHe 6Oipre OKyfa KyKblabl. [apanay:
KEeKeneHaipinreH OKy KocnapsapblH  23ipney. KeweHai cynemengey: MNCUXONOTUANbIK-
MeANLUMHAMbIK-NeJarorMkanblK — KOHCUANYMAAPAbIH,  ThtoTOpAapAbiH,  AedeKTonortrapapiH,
floroneaTepaiH, *Kymbicbl. belimaeny: oky OarmapiamanapbiH, a4icTepi meH maTepuangapbiH
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e3repTy. KopllafaH OpTaHbl KYPY: KaYincis, menipimai *xaHe KON KeTiMai opTaHbl KanbiNTacTbIpy.
ONeYMETTIK MHTerpauma: Tan neH KoFamHblH emipiHe bellimaeny meH Kocblnyasl Koagay [3].

MyMKiHAiri WeKkTeyni 6ana MeKTenTe e3iH acbipan anfaHaan cesiHyi kepek. Ata-aHanap MeH
MEKTEN KbI3METKEePJIepiHiH, WMHKAO3MAFa JlereH OH, Ke3Kapacbl 3HEe bIHTbIMAKTACTbIKKA
[alblHAbIFbI MaHbI3abl dakTop 6onbin Tabbinagsl. MopaH meH Lykepain, (2017) 3eptreynepi
KepCeTKeHAEeM, TUEeCINiNIK NeH aneyMeTTiK Kongay ce3iMmi MyMKIHAIr LeKkTeyni OKylWblnapabiy,
YETICTIKTEPiIHE aHe 0/1ap/blH OKY NPOLECiHE KaTbiCyblHa anTapablikTal acep eTeqi [4].

NHKNt03nBTI 6inim Bepyai aambiTy HarbiThl Binim Hepy caacaTbiHAarbl 6acTbl HafbITTaPAbIH
6ipi peTiHae apHalbl NCUXOAOTMA MEH KOPPEKUMAMbIK NeaarorMkaza ncuxodbusmkaibik Aamybl
by3binFaH H6ananapapl (E.A. EkkaHosa, T.C. 3bikoBa, H. H. Manadees, O. C. Hukonbckasa, /1. M.
Wnnuum kaHe T. 6.) MHTerpauManaHFaH OKbITyAa anTap/biKTal Toxipube »KUHaKTaNZbl, OHbI
MHK/IO3MBTI OKbITYFa eTnesi KeaeHae KonaaHyra 6onaabl *aHe KongaHyfa 6onagpl [5].

NHKNt03MBTI Binim Bepy bapnbik Bananap sapTypAi OKy KakeTTinikTepi bap »keke Tyaranap
eKeHiH MOWbIHAANTbIH dAiCHAaMaHbl AAaMbITyFa TbipblCadbl, BPTYPAI OKY KaMETTiNiKTepiH
KaHafaTTaHAbIpy VIWIH uKemai 60naTblH OKbITY MEH OKbITy TacCifliH a3ipneyre Tbipbicagpi.
NHKNo3nBTI Oinim bepy BananapablH, Ke3-KeareH KemMCITYLINIriH KOKKa LblFapaTbiH, 6apablk,
agampapra bipaen Kapayabl KamTamachi3 eTeTiH, bipak epekuwe binim bepy KaskeTTiniktepi bap
Hananapfra epeKlle Kafaal KacalTblH AeoNOTnAFa HerisaenreH. byn 6inim 6epy mekemenepin
TEXHWUKANbIK KapaKTaHAbIpyAbl Aa, MyreleKTepMeH e3apa iC-KMMbIAAbl AambITyFa DafbiTTanfaH
negarorrap meH 6acka Aa oKylWblaap YWiH apHanbl OKY KypcTapbiH a3ipaeyai ae binagipes,.

MyMKiHAiM WeKTeyni bananapdbiH, Xannbl 6inim 6epy mekemeciHe benimaeny npoueciH
XeHingeTyre OarbiTTanfaH apHalbl Oafgapniamanap KaxeT. (E. A. EkwkaHosa). AKLW new
EyponaHbiH, Kasipri 6inim 6epy cadcaTbiHAa bipHelwe Tacingep Aamblabl, COHbIH, iWiHAe: Binimre
KON KETIMAONIKTI KeHEeWTy, HEerisri afblM, WUHTerpauma, WMHKA03UA. MEeMHCTPU-MUHT Mmyreaek
OKYLLbINAP KypAacTapbIMeH MepeKe KyHAepi, apTypAi cyrka aeniHri 6araapnamanapaa cemneceai
nen 6omKanabl. MHTerpauma AereHimis-ncnxmkanblk KaHe duamKanbik KemicTiri 6ap 6ananapabiy,
Ka)KeTTiNIKTepiH onap VWiH bHelimaenwmereH, es3repiccia KanfaH bOinim  b6epy KyWeciHe
coMKkecTeHaipy [6].

NHKNt03MA-MeKTenTepai pedopmanay »KaHe OKy YM-*KahnapblH 6Gapablk 6ananapbiH,
Ka)KeTTINIKTepi MeH KaXKeTTinikTepiHe »kayan OepeTiH eTin KahTa Kypy. Y¥ablbputaHuaza
HananapapiH, 22 % - ocob epekwe bHinim bepy KarkeTTiniktepi 6ap. byn myreaek H6ananapapiH
bapnbiFbl Oipaent emec, Oipak OKy OapbicbiHA@ ONap KOCbIMLIA KOAZay[bl KaxKeT eTed,.
¥nbibputaHmana MHKMO3MBTI 6inim Hepyai eHrizy 1976 binbl myregek 6ananapabiH, 6apibik
caHaTTapblHA KapananbiM MEeKTeNTepae OKyfa KYKblk OepeTiH "Oinim Typanbl akT" wWbIKKaHHAH
KeniH 6acTtanabl. [lereHmeH, byriHae AHIIMAHBIH 6inim Bepy RyMeciHae MHKNO3MBTI ByKapabik,
MeKTenTepaeH backa apHalbl mekTenTep Ae 6ap.

MymKiHairi wekTeyni 6ananapra apHalbl Oinim Gepy KarkeTTiniktepi KaxeT. byn Tek
dU3MKaNbIK faHa eMec, COHbIMEH KaTap MNCUXMKa/bIK, SMOLMOHANAbIK KoHEe UHTeNNeKTyanapl
6y3binynapabl, AUCNEKCUS, CoMney akaynapbl, ayTU3M CNEKTPiHiH By3blaybl KaHe T. 6. CUMAKTHI
}araannapabl KamTUabl.

MyMKiHAir WweKTeyni 6anaHbl OKbITYAa KaHAan agictepai KongaHy kepek MyMKiHAr
WwekTeyni 6ananapabl OKbITYAblH, epeKwenikTepi 6inim bepy NpoueciH onapablH, KaxeTTiNikTepi
MEH epeklle KMbIHAbIKTapbiHa belimaey KaxkeTTinirimeH 6alnaHbicTbl. Kenbip epekwenikrepre
Tancbipmanapabl OpblHAAYFa KOCbIMLLA YaKbIT, apHalibl 6inim bepy matepuanaapbl MeH afjicTepiH
KONJaHy, COHAam-aK Anoroneatep Hemece MeAaror-ncMxoorTap CUAKTbl KOCbIMLLG KoAaaay
KepceTeTiH aHe ap BanaHblH, *KeKe AaMyblHa biIKknan eTeTiH MamaHaapAabiH 6oaybl *KaTadabl.

By »epae myfanimaepaid, oKyadaH eTy »KaHe apTypi bananapmMeH Xymbic ictey BinikTiniriH
apTTblpy Ka*KEeTTiNir Typanbl yMbITNay 6Te MaHbl3abl.
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MyMKiHAir WwekTeyni 6ananapabl OKbITyda KeHiHeH KoadaHblaaTbiH TacingepaiH, Oipi -
capanaHfaH OKbITy. byn Tocin OKy maTepuanblH KaHE OHbl YCbIHY TaCINAEePiH OKYLUbIHbIH, KeKe
MYMKiHAIKTepiHe canKkec Oenimaeyre MymKiHAiK 6epegi. Mbicanbl, ecTy KabineTi 6y3blifaH
bananap ywiH BWM3yandbl OKbITYAblH apHaWbl dAicTepi KOoAAaHblAadbl, MyHAa BuU3yanapl
Mmodenbaeyai, coizbanap meH Auarpammanapdbl KongaHyfa 6aca Hasap ayaapbliadbl. Kepy
Kabineti by3binraH 6ananap yiiH bpanab »Ka3ly Hemece apHalbl OKY KIHE a3y KYPblaFbliapbIH
nanaanaHy cMAKTbl TaKTUAbAI 24icTepai KonaaHyfa 6bonaapl.

MyMKiHAir wekTeyni bananapapl OKbITyAa KONAAHbINATLIH Tafbl Oip aaic-»Kyneni Tacin. byn
Tocin HanaHblH MeaMUMHANbIK KaXKeTTINIKTEPIH faHa emMec, COHbIMeH Oipre OHbIH 2/1eyMeTTiK
opTacbiH Aa eckepeqi. On TONbIKKAHObI OKY *KaHe KypAacTapbiMeH e3apa apeKeTTecy YLiH Kafaal
»acaydpl KapacTblpadbl. Mbicanbl, ayTMam cnekTpi Oy3biafaH banaHbl OKbITY KesiHae Oanara
PTYPAI 2NEYMETTIK-KOMMYHUKATUBTIK Jdafabliapabl 6alikayra oHe KalTanayfa LaKblpbl/ifaH
Kesae o2/IeyMeTTIK Moaenbaey a4iCi KondaHblnadbl. KapbiM-KaTblHAC AafabliapbliH AambITy Aa
MaHbI3abl acnekT 60/bin Tabblnaabl.

MyMmKiHAiri wekTeyni bananap kebiHece KypaacTapbiMeH Hemece TapburellinepmeH KapbiM-
KaTblHAcTa KWbIHAbIKTapFa Tan 6onaabl. KapbiM-KaTbiHAac AafablNapbiH AaMbITyFa HerisaenreH
neaarorMkanblK o4ICTEP OCbl KWbIHAbIKTApAbl XeHyre KemekTecedi. MyMmKiHAIr wekTeyni
Hananapapl OKbITYAafbl MaHbI3[bl CIT-9p TYP/i MamaHAbIKTafbl MaMaHAapPAblH: MyFaniMaepaiH,
NCUXONOMTapAblH, MeAMUMHA KbISMETKEPEepPiHiH, XaHe aTa-aHanapablH, bIHTbIMAKTACTbIfbl. byn
TOCIT MYMKIHAIT WeKTeyni 6anaHbl OKbITY MeH KOMAaY/AblH, KelleHAi XYMeciH Kypyfa MyMKIHAIK
bepeni, MyHAa ap MamaH 6HanaHblH JamMyblHa ©3 yaeciH Kocaabl. byn aaictepaiH 6apabifbl
3epTTeynep MeH NpPaKTUKaNbIK Taxipubere HerisgenreH »kaHe ap HanaHbiH 6inim anyrfa TeH,
MYMKIHAIKTepi bap Konanabl opTaHbl KYPYFa biKknan eTea.

MyMKiHAiMi WeKkTeyni ap BanaHbiH 63iHAIK epeklweniktepi 6ap, COHAbIKTAH camnasibl OKbITYAbl
KamTaMacbI3 eTy YLIiH 0NapAblH epeKlWenikTepiH eckepe oTblpbIN OKbITYAbl }Kobanay Kaxker.

MyMKiHAiri WeKkTeyni bananapablH, 6acTbl epeKwenikTepiHiy, bipi-aneyMeTTiK OKLLayaaHy.

Onap H6ackanapmeH KapbiM-KaTblHACcTa KMbIHAbIKTapFa Tan 60/1ybl MYMKiH, COHbIMEH KaTap
KaHa maTtepuanabl e3 OeTiHlWe urepyae KublHAbIKTapFa Tan 60aybl MyMKiH. [eHCcaynblKTbIH,
LeKTeyNi MYMKIHAIKTepi 6anaHbiH, WekTeyai kabineTrepiH 6inaipMeNTIHIH ecTe yCTafaH XeH.

op OanaHblH 2neyeTiHe apAalbiM CEHY YKOHe OHbIH, MKEKe MKETICTIKTepiH bIHTanaHabIpy
KaKer.

1. CapanaHfaH binim bepy HaraapnamachbiH KacaHbl3: Op DanaHblH KeKe KaKeTTinikTepi
MeH Kabinettepi 6ap. MyMKIHAIMN wWeKTeyni OKyllbliapFa OKy MaTepuasnblH  onapapiH
KabineTtepiHe calkec bOelimaeyre MyMmKiHAIK OepiHi3. KepHeki maTepuangap, MHTEPAKTUBTI
TancbipManap HeEMece KOCbIMLIA ayAMo MaTepmangap CUAKTbl OKbITYAblH 9pTYR/i 34icTepi MeH
TOCiNAEpiH KONAaHbIHbI3.

2. OKy maTtepuanbiHbiH KOJIKETIMAININH KamTamacbi3 eTiHi3 Mbicanbl, Kepy KabinerTi
6y3binFaH Gananap yWiH YAKENTIIreH apHalbl OKY/bIKTap HEMECe ayAMoKiTanTap KO/4aHblaybl
MYMKiH. EcTy KabineTi Hawap 6ananap yWiH KOCbIMLIA aKyCTUKa/bIK KOAday HEMECEe MKOHasbIK
TinAaji KongaHy nanaansl 60aybl MYMKIH.

3. balinaHbIic NeH e3apa apekeTTecydi cakTaHbi3a MyMKiHAiri WweKTeyni 6ananapabiH 6acTbl
npobnemanapbiHbiH, Oipi-backanapmeH KapbiM-KaTbiHACTbiH, Oy3blaybl. CbIHbINTA AOCTbIK KoHE
KoNaay KepceTeTiH aTmocdepa Kypa OTbIpbIn, 0NapablH, KapbiM-KaTblHACKa AereH KYLUTap/iblfbiH
CaKTaHbl3. banaHblH cyemenseyi KaH-*KaKTbl }KaHe yaKTblabl 60NYbI YWiH aTa-aHaNapPMEH KaHe
Hacka MaMaHAaPMEH KYMbIC ¥KacaHbl3.

4. Tayenci3gik neH e3iH-e3i bHafanaydbl JambiTy MyMKiHAIT wekTeyni bananap yuwid
Tayencisfik neH e3iH-e3i bafanay AafablapbiH AamMbITy MaHbi3abl. OnapablH, OKy npoleciHe
KaTbICYyblH  bIHTANAHAbIPbIHbI3,  LWbIHAMbI  ambuUMANAp  KacaHpl3  KaHe onapapl 63
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MYMKIHAIKTEPIHi3re ceHiHi3. banaHpbi3fa 0NapAablH, KYLWTi *KaKTapblH aHblKTayfa XaHe AaMbITyFfa
KOMEKTECIH|3.

5. TeH o3apa opekeTTecydi yMpeTiHi3 WMHKA3MBTI 6inim Bepy MyMKiHAIr wekTeyni
Hbananapapl Kannbl opTara Kocydbl Tanan eteqi, byn 6ap/blK OKyLbIAAP YLiH TEH MYMKIHAIKTEP
acayapl Tanan eteai. bananapfa apKaMCbICbIHbIH, ePeKLLENIKTEPIH TyCiHyre »aHe Kabblnaayra
KeMEeKTECIHI3, OKYLLIbIIAap apacbiHAAfbl TO3IMAINIK NEH KYPMETKE LWaKblpPbIHbI3.

3epTTey HaTUXKeNepi MmeH myfanimaepaiH Taxipnbeci myreaek bananapgpl XKannbl 6inim
Hbepy opTacbiHa KOCYy OnapAblH Aamybl YWiH Nandanbl faHa emec, COHbIMeH KaTtap 6inim bepy
NpoLueciHiH 6apablK KaTbICyLblAapbiHa Nalnaanbl eKEHiH KepceTeai.

CoHAbIKTAH WMHKMO3MBTI Binim Hepydi AambiTy »KaHe MYMKiHAIr WweKTeyni 6ananapmen
YKYMbIC ICTEMTIH MaMaHaapabl OKbITY OOMbIHLLA }KYMbICTbI }KaNFaCTbIPy MaHbI3Abl.

MymKiHAiri wekteyni 6ananap 6inim anyra, aneymeTTeHYre }KaHe TONbIKKaHAbl eMip cypyre
KYKbl/1bl YKaHe 0/1apAblH, TabbICTbl OKYbl MEH AaMYbl VLLIH Kafaan *Kacaybimbl3 6i3re HannaHbICTbI.
3amaHayu agictep, benimaenriw maTepuangap MmeH mamaHaap 6i3re oky npoueciH benimaeyre
YKOHE OHbIH, epeKLIenikTepi MeH KWbIHAbIKTapbiHa KapamacTaH ap 6anara KO/ KeTimai eTyre
KemekTecea,.

MyMKiHAiM  wekTeyni 6ananapdblH, OKyJda KaHAan KyKblkTapbl 6Oap. opbip 6Oana
NEeHCayNbIFbIHbIH, LLEKTeYNi MYMKIHAIKTepiHiH 6onybiHa Hemece 60/MayblHA KapamacTaH canasbi
6inim anyfa Kykblabl. MyYMKIHAiM WeKTeyni 6ananapabl OKbITYAa TEH, MYMKIHAIKTEPAi KaMTamachI3
eTy VLIiH MHKI03MBTI Binim Bepy TYKblpbiMAaMachl eHrisingi. VIHKAto3uBTI 6inim-oyn dUsnkanbik,
NCUXMKA/bIK YKaHe MNMCUXMKaANbIK epeKlenikTepiHe KapamacTaH bapablk Hananapfa 6inim anyra
MYMKIHAIK OepeTiH »Kyhe. MeKTenTe MYMKIHAIT WweKTeyni ©Oananapdbl OKbITYAbIH, Heri3ri
epeKLlenikTepiHiH, bipi-ap Hanara »Keke Ke3kapac. by gereHimis: myranimaep biHFanAbl KaHe
KO/Jay KepceTeTiH OKy OopTacbiH Kypy VWiH MYMKIHAIM wWeKkTeyni ap ©OanaHblH, HaKTbl
KaXKeTTiNIKTepi MeH MYMKIHAIKTePiH eckepyi KepeKk. KongayabiH HaKTbl Wapanapbl MeH aaicTepi
9p OanaHblH, AeHCay/IbIFbIHbIH, LEKTeYAi MYMKIHAIKTEPIHIH, TYpi MeH A3perkeciH eckepe oTblpbIn
KON AaHblAybl Kepek. MyMKiHairi weKkTeyni 6ananapabl KOCyabl KamTamachl3 eTyiiH Oip aaici-
apHalbl OKYy *ocnapnapbl MeH 6afaapnamanapbiH KonaaHy. byn myfanimaepre ap 6anaHblH, oKy
MaTepunasbl MeH SAiCTepiH O/lapAblH, epeKlie KaxeTTi/liKkTepiHe callkec benimaeyre MyMKiHAIK
bepeni. Mbicanbl, Kepy KabineTi 6y3biafaH 6Oana VWiH apHaibl KabablKTap MeH ayamo
MmaTepuangapabl, an ecty Kabineti 6y3binfaH  6ana  ywiH  6enri Tini MeH apHanbl
belHemaTepuangapabl KongaHysa 6onaabl. WHKAO3MBTI 6inim 6epyadiH, MaHbI3[bl aCMeKTICi
COHbIMEH KaTap MYMKIiHAir wekTeyni 6ananapablH MEKTENTIH OKybl MEH 2/eyMETTIK emipiHe
TONbIKKAHAbI KaTbICYyblH KONAAMTbIH Kedepricia opTa Kypy 6onbin Tabbinaabl. byFaH mekten
fMMapaTbiHbIH, apbagafbl Bananapra KO KETIMAINIM, MYMKIHAIM wWeKkTeyni bananapra apHanfaH
apHambl }kabaplKTap MeH MHPPaKYPbIIbIMHBIH 60ybl Kipea,.

CoHbIMEH KaTap, MYMKIHAIr WweKTeyni 6ananapabl OKbITY aTa-aHa/llAapPMeEH aHe neaaror-
nedektonortap, oronearep, MNCUXOAOMTAP  KoHe MeaAuUMHA  KbI3METKepsiepi  CUAKTbI
MaMaHOapPMeH Tbifbl3 KapblM-KaTblHACTa y3ere acblpbliybl Kepek. ATa-aHanap MYMKIHAI
WwekTeyni 6anaHbl OKbITY MEH AambiTyda MyFaniMaepaiH MaHbi3abl odakTactapbl 60bin
Tabblnaabl. ATa-aHanapMeH KM1i KapbIM-KaTbIHAC Kacay *KaHe bIHTbIMAKTACTbIK MyFfaniMaep meH
aTa-aHafnapfa aknapaT neH Taxipnbe anmacyra, coHaan-ak ap banafa oHTalNbl KOA4AY.

CtpaTtermanapblH Kacayra MyMKiHAIK Oepegi. MHKM03MBTI Ginim Gepyadi coTTi »Ky3ere
acblpyAblH, HAKTbl MbiCanAapbIH 3epTTEyAEP MEH NPaKTUKaNbIK TaxKipnbenepaeH Tabyfa 6bonazabl.
Mblicanbl, Xa/blKapasblKk MyreekTepre XapAemMaecy ofarbl }KyprisreH 3epTTey UHKA03UBTI Hinim
b6epy MyMKiHAIr wekTeyni 6ananapablH, yArepimi MeH aneyMeTTiK benimaenyiH antapibikTan
apTTbipaTbiHbIH, COHAAW-aK oOnapAplH, CTUIMaTU3auUMA AeHreliH TeMeHAEeTETiHIH KepceTTi.
NHKN031BTI Binim Tek gamy epekweniktepi bap 6ananapfa faHa emMec, OHCbI3 Ja nangansl. ©3iHe
YKCaMalTblH epekille 6anameH KyHOEeNiKTi Taxipnbe KuHaKTal oTbipbin, bananap anemai oHbIH,
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anyaH TypAiniriHae Kepyai, MyKTaxk agdamaapra KBMeKTecyadi, amMnaTna cesimaepiH, e3apa Kemek
[AFAblNAPbIH }KaHe CTaHAAPTTbl eMec TacingepmeH benceHi e3apa apekeTTecyai ynpeHeai.

Ocblnaniia, WHKAO3MBTI Binim Gapablk 6ananap VyWiH MaHbI3abl pesn aTkapagbl, on
AEeHCayNbIFbIHbIH, LEeKTeyAi MyMKiHAIKTepi 6ap agamaap YWiH faHa emec, ap 6ana yLwiH Keaepricis
YKOHE KONZlay KOPCeTETiH OKY OpTacbliH KYpy MiHAETIH Kosaabl. O XKeke Ke3KkapacTbl, berimaenreH
OKy bafgapnamasniapblH aHe aTa-aHaNapMeH KaHe MaMaHAAPMEH Tbifbl3 KapblM-KaTbIHACTbI
KamMTamacbI3 eTes,.

Erep MeKTen OKyllblfa TONbIKKAHAbl WMHKAO3MBTI Oinim Bepe anmaca, OHAA MYMKIHAT
WekTeyni bananap yWiH eH *Kakcbl HYCKa oTbacbibIK binimre kelwy 6onaabl. MyMKIHAIT WeKTeyNi
H6ananapapiH, 6inim Bepy KarKeTTiNIKTEPIHIH, epeKLllenikTepiHe KeKe Ke3Kapac, KopluaraH OpTaHbl
benimaey »KoaHe OKbITy aicTepi (apHalbl »abapikTap, aaictep, benimaenreH KapkbiH), epTe
KeWeHi TyY3eTy }KYMbICTapbl (noroneaTepmeH, NCUxXoiortapMmeH, Aepektonortrapmen), binim bepy
KeHicTiriH KeHenTy (Myparkainap, CaabakTtap), ©Mip/iK Ky3blpeTTiNiKTi AamMbITy KaHe aTa-
aHanapablH 6enceHi KaTbiCybiMEH NMaHapasblk CyMemensey, COHAaN-aK epekile KaxeTTilikTep
(Mbicanbl, epeKkwe 6ananap yWiH peTTenreH opTa; ecty Kabineti Hawap 6ananap VWiH Kapbim-
KaTblHacka Hasap ayaapy). MymkiHairi wekteyni 6apnblk ©Oananapfa apHanfaH Kannbl
KaXKeTTiniktep: EpTe AMarHOCTMKa KaHe Ty3eTy: AaMy KMbIHABIKTApPblH aHblKTayda Aepey KemeK
KepceTy. [lapanay: »KeKe Ke3Kapac, MYMKIHAIKTEP MeH LWeKTeynepai eckepeTiH MapLUpyTTbl
Tangay. WaptTapabl 6enimaey: apHalbl aaictep, »ababikTap, berimaenreH opta. KeHicTiKTi
KEHENTY:eMipAiK AafabliapApl KanbiNTacTbipy YWIiH MeKTenTeH Tbhic. KeweHai cyhemenaey:
NCUXONOTUANBIK-MNEeAarormkanblK, MeauUMHANbIK, N0roneananbik KemeK. bafrdapnamanapaarbl
apHaibl 6enimaep: 6ananapfa apHanfaH TUNTIK eMec TakblpbiNTapabl KOCy. HaKTbl KaXKeTTiNnikTep
(Mbicanpap): MHTeNnekTTiH, By3blaybl: NCUXMKANbIK NPOLLECTepi, comneyai, MOTOPUKaHbl Ty3eTy;
KBPHEKI-TMIMA]I  94iICTep, IKeHingeTinreH MIiHAETTeP, KOMMYHMKAUMAHbI AamMbITy. AyTU3M
CNEeKTPIHIH Bby3blnybl 6ap bananapra: ToxKipnbere barbITTaNFaH OKbITY, HAKTbl YaKbIT NeH KeHICTIKTIK
KYPbINIbIM, MiHE3-KY/IbIK NEH KOMMYHWUKaLUMAHbBI AaMbITy, XYKTeMeHi menuepney. Celiney »aHe
KOMMYHMKaUMAHbIH Oy3bliybl: COMNeyai AaMbiTyFa apHanfaH apHaibl aaictep (NMKTorpammanap,
KOCbIMLLANAP), *KafbiMAbl OpTaHbl Konaay. Tipek-KMmbia annapaTbiHbiH, - Oy3binybl  (Noda):
NCUXONOTUANBIK-MEeAarormkanblK Koaaay, emaey-KaanbliHa KenTipy *KYMbICTapbl, OpTONeamnAnblIK,
pexkMm. TabbICTbl OKbITYAbIH, HETi3ri WapTTapbl: Koa xeTimai opTa: PU3MKaNbIK KaHe aknapaTTblK,
KO »KeTimai YR-Karnap. MamaHaapabiH Ky3blpeTTiliri: negarortap meH Ncuxonortapdbl Aaspaay.
blHTbIMaKTaCTbIK: aTa-aHanapabl *aHe 6inim bepy NpoueciHiH, 6apblK KaTbICyLWblIapbiH benceHai
TapTy. [No3nTKBTI OpTa: Kabbingay *aHe Konaay atmochepacbiH Kypy [7].

MyMKiHAirT WeKkTeyni bananapablH, OKY ¥aHe OKyAaH TbiC apHalbl 6inim bepy KafaannapbiH
cuMnaTTay oKy baraapnamanapbiH Urepy npoueciHae epekiue 6inim bepy KarKeTTiNniKTepiH, apHalbl
6inim Bepy KafganapbiH cunatray npoueciHge Cypaktap: 1. MymkiHairi wekteyni 6ananapabiH,
6inim Bepy KarkeTTiniktepi. 2. MyMKiHAiri weKkteyni 6ananapabl OKbITY MeH Tapbueneyai
YMbIMAACTbIPYAbIH, epeKlle wapTTapbl. 3. binim bepy bafaapnamachiH iCKe acblpy LWapPTTapbiHa
KOMbINATbIH TafanTap MyMKiHAIr wekteyni 6ananap. 1. MymkiHgiri wekteyni 6ananapabiH, 6inim
bepy KaxkeTTiniktepi "MymKiHAiri wekTeyni bananap"” yrbiMmbl emipi KaHaam aa bip cMnaTTanaTbiH
afgamaap caHaTblH KamTuabl benrini 6ip xacTafbl agam YLLiH KanbiNnTbl Aen caHanaTblH TaciIMeH
Hemece WeHbepae KbI3METTI Xy3ere acblpy KabineTiHiH, WweKkTeynepi Hemece 6o0aMmaybl. by yFbim
lWamMaZaH TbIC Hemece XeTKiNiKCi34ikneH cunaTTanadbl MIHE3-Ky/blKTa Hemece ic-apeKeTTe
9AEeTTeriMeH CanbICTbIpFaHAa, O yaKbITLla HEMECE TYPaKTbl, COHbIMEH KaTap NPOrpeccuBTi XKaHe
perpeccueTi  00AYbl  MYMKiH. "[leHCay/bIKTbiH,  WEKTeyAi  MYMKIHAIKTepi"  YFbIMbIHbIH,
bEeHOMEHONOTUACBIHbIH, 3PTYPAI KaCibX TacinaepiHe XaHe TaKCOHOMMA YWiH 3pTYpPAi Herisgepre
coMKkec apTypni KnaccubuKaumanap 6ap. MyHaan 6y3binynapablH Neaarornkanblk, KikTenyi
[amyblHAa aybITKyAapbl bap bananapabit, epeke binim 6epy KaxmeTTiNIKTePiHiH, CUNaTbiHa KaHe
by3blny AapexkeciHe HerizaenreH. EH ken TapanfaH Herizaep: 1. 6y3ylwbinbiKTapaslH cebenTtepi; 2.
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KeNiHHeH onapAblH, CMNATbIH HAKTbINAN OTbIPbIM, OY3YLWbIAbIKTaPAbIH, TYPAEPI; 3. KeliHri emipre
acep eTeTiH by3yLWbINbIKTapAblH, Canaapsi.

MyMKiHAir  wekTeyni 6ananapapliH, AamyblHAaFbl albipMalbIIbIKTAPAbIH, ayKbiMbl ©Te
Y/IKEH: KanbiNTbl AamMydaH, YaKbITLIAa KOHE OpPTafblK KYNKE KYMECiHiH KalTbIMCbI3 ayblp
3aKkbiMAaHybl bap Bananapra AeniH canbICTbipMasbl TYPAE OHAM LWELWiNeTiH KMbIHAbIKTap. ApHanbl
KON AayMeH TeH Aaperkeae KaibiNTbl OKM anaTbiH 6anagaH 63 MyMKIHAIKTePiHe DeNiMaeNreH Keke
6inim 6epy bargapnamacbiHa MyKTaxk bananapfra AeriH JamMbin Kene »aTkaH KypaacTap.

CoHbIMEH KaTap, alblpMalLbIAbIKTaPAbIH MyHAAM alKblH AMana3oHbl XKanmbl Myreaektep
TOObIHAA@ faHa eMec, COHbIMEH KaTap OfaH KipeTiH OananapblH 2p caHaTbiHAa bankanagpi.
KaxkeTTiNiK aflam KbI3METIHIH eMIp/iK api MaHbI34bl bIHTaNAHAbIPYLWbICLI. By TyXKblpbiMAaMaHbIH,
3TMMO/IOTUACHI OHbIH, KBn KbIP/blAblFblH KOPCETeAi, OHbIH KeH MafblHACblH alladbl. AJAaMHbIH,
Heri3ri KaxeTTiNikTepiHiH, Bipi-6inim 6epy KaxkeTTiniri. On Genrini b6ip Karganaa aneymeTTik
KOHTEKCTe, apTYP/i KbI3MET Typ/iepiHae nanaa 6onaabl *KaHe JaMmuabl .

Binim Gepy KaxkeTTiniri aneymeTTiK-M3eHN AOMWHAHTTAPMEH LapTTanfaH benceHai-
KaTblHacTbl Oinaipeai agamHblH Aamy, ©3iH-03i aHblKTay »aHe ©3iH-e3i »Ky3ere acblpyadblH,
MaHbI3abl cMmaTTamachkl 60/bin TabblnaTbiH 6ifiM canacbl. binim bepy KaxeTTiairi - 6ya rypaeni
Ka*KeTTiNIK, OHbIH, KYPbIAbIMbI BifliM KaXKeTTiNIKTePi CUAKTbI AaFablaap, KaPbIM-KaTbiHAC, ©3iH-63i
Topbureney, e3iH-63i Ky3ere acbipy, 63iH-03i TaHY Ka*KeTTINIKTEpMEH epeKLleneHe;.
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Abstract

The rapid development of immersive digital technologies has significantly influenced
modern foreign language education. One of the most promising innovations is augmented reality
(AR), which integrates virtual elements into real-world environments and creates interactive
learning experiences. This article examines the use of augmented reality technologies in
developing oral communication skills among Grade 8 students. Based on contemporary
pedagogical, cognitive, and communicative approaches, the study analyses the educational
potential of AR tools for enhancing speaking fluency, pronunciation, vocabulary usage, and
communicative confidence. The findings demonstrate that AR-based activities foster learner
motivation, reduce speaking anxiety, and promote authentic oral interaction, contributing to the
effective development of communicative competence in basic school learners.
Keywords: augmented reality, oral communication skills, communicative competence, foreign
language education, Grade 8 students, digital pedagogy

Introduction

The modernization of foreign language education is closely connected with the integration
of digital technologies that support communicative and learner-centered instruction. In basic
school, particularly in Grade 8, students transition from controlled language practice to more
meaningful and spontaneous communication. At this stage, developing oral communication skills
becomes a central objective of foreign language teaching. Communicative competence, as defined
by Hymes (1972) and further developed by Canale and Swain (1980), includes linguistic,
sociolinguistic, discourse, and strategic components. Traditional teaching methods often fail to
provide authentic contexts for oral interaction, which can limit students’ speaking development
and confidence. In response to this challenge, augmented reality technologies offer new
opportunities to simulate real-life communication scenarios and engage learners in interactive
speaking tasks. According to Kunanbayeva (2005), modern foreign language education should be
based on cognitive, communicative, and intercultural principles. Augmented reality aligns with
these principles by combining visual, auditory, and contextual elements that support meaning-
making and communication. Despite growing interest in AR, its pedagogical potential for
developing oral communication skills in Grade 8 learners requires further methodological analysis.
Therefore, this study aims to explore the effectiveness of augmented reality technologies in
enhancing oral communication skills in foreign language classrooms.
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Literature Review

The integration of augmented reality (AR) technologies into foreign language education
has become an increasingly important area of pedagogical research. Augmented reality is
commonly defined as a technology that overlays digital content—such as images, audio, video, or
three-dimensional objects—onto the real-world environment, thereby enhancing learners’
perception and interaction with educational material (Azuma, 2017). In contrast to fully immersive
virtual reality, AR preserves contact with the physical classroom while enriching it with interactive
and contextualized digital elements. In the field of foreign language teaching, communicative
competence remains the primary instructional goal. According to Hymes (1972), communicative
competence involves not only grammatical knowledge but also the ability to use language
appropriately in social contexts. This concept was later expanded by Canale and Swain (1980), who
identified linguistic, sociolinguistic, discourse, and strategic components of communication.
Modern methodological approaches emphasize that these components should be developed
through meaningful interaction rather than mechanical repetition.

From the perspective of cognitive-linguocultural methodology, Kunanbayeva (2005)
highlights the importance of contextualized language learning that reflects cultural and cognitive
dimensions of communication. Augmented reality aligns with this methodology by situating
language practice within realistic communicative contexts. For example, AR-based simulations
allow students to participate in dialogues related to everyday situations such as shopping,
traveling, or social interaction, thereby promoting culturally appropriate language use. A growing
number of studies confirm the positive impact of AR technologies on the development of oral
communication skills. Lee (2020) reports that AR-supported speaking activities enhance learners’
fluency and pronunciation by providing visual cues and situational prompts that stimulate
spontaneous speech. Similarly, Shadiev and Yang (2020) argue that AR reduces speaking anxiety,
particularly among adolescent learners, as it creates a supportive and engaging environment
where mistakes are perceived as part of the learning process rather than failure.

Motivation is another key factor addressed in the literature. According to Galskova and
Vasilevich (2017), learner motivation plays a crucial role in successful foreign language acquisition.
AR technologies increase motivation by transforming traditional lessons into interactive
experiences that resemble real-life communication. Gamified AR tasks, interactive role-plays, and
visual storytelling encourage active participation and sustained interest, which is especially
important for Grade 8 students experiencing decreased motivation during adolescence.

Collaborative learning is strongly supported through AR applications. Milrud (2020)
emphasizes that communicative competence develops most effectively through interaction and
negotiation of meaning. Augmented reality enables pair and group work in which learners jointly
solve communicative tasks, discuss scenarios, and co-construct meaning. Such collaboration
contributes to the development of discourse competence and sociolinguistic awareness, as
students adapt their language according to context and interlocutor. Despite its advantages,
researchers also underline potential challenges associated with the use of AR in education.
Hampel and Stickler (2015) warn that poorly designed AR tasks may cause cognitive overload and
distract learners from linguistic objectives. Technical difficulties, lack of teacher digital
competence, and insufficient methodological training can reduce the effectiveness of AR-based
instruction. UNESCO (2021) stresses that digital technologies should be integrated purposefully
and ethically, ensuring accessibility, inclusivity, and alignment with pedagogical goals.

In summary, the reviewed literature demonstrates that augmented reality technologies
possess significant potential for developing oral communication skills in foreign language learners.
When implemented systematically and pedagogically, AR supports communicative competence,
increases motivation, reduces anxiety, and fosters collaboration. These findings provide a strong
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theoretical foundation for further empirical investigation of AR-based instruction in Grade 8
foreign language classrooms.

Methods

The present study employed a qualitative and quasi-experimental research design. The
research was conducted in a basic school with Grade 8 students studying English as a foreign
language.

Participants:

The study involved 58 Grade 8 students divided into two groups:

. Experimental group (29 students) — instruction with augmented reality
technologies
. Control group (29 students) — traditional textbook-based instruction

Research methods included:

1. analysis of pedagogical and methodological literature;

2. classroom observation;

3. oral communication assessment tasks;

4. student motivation questionnaires;

5. teacher observation checklists.
Research stages:

1. Pre-testing of students’ oral communication skills.

2. Implementation of AR-based speaking activities in the experimental group over 10
weeks.

3. Regular oral tasks using AR applications (role-plays, situational dialogues,
interactive storytelling).

4, Post-testing and comparative analysis of results.
Results

The findings reveal a significant positive impact of augmented reality technologies on the
development of oral communication skills. Students in the experimental group demonstrated
higher motivation and active participation in speaking tasks. AR-based lessons increased interest
and reduced fear of making mistakes.

Motivation scores before and after intervention

Group Pre-test Post-test Improvement

Experimental 3.2 4.5 +40%

Control 3.1 3.3 +6%
Improvement in Oral Communication Skills

Skill Experimental Control Improvement

Fluency 83% 61% +36%

Pronunciation 80% 65% +23%

Vocabulary use 78% 60% +30%

The experimental group showed notable progress in key aspects of speaking competence.
AR scenarios encouraged spontaneous speech, contextual vocabulary use, and improved
pronunciation through repeated practice.
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AR tools and pedagogical functions

AR Tool Function Communicative Component
AR role-play applications Situational dialogues Sociolinguistic

Interactive storytelling Narrative speaking Discourse

3D vocabulary visualization Contextual vocabulary Linguistic

Virtual simulations Real-life communication Strategic

Students reported feeling more confident, autonomous, and responsible for their learning.
Discussion

The findings of this study indicate that augmented reality technologies have a positive
effect on the development of oral communication skills in Grade 8 students. These results support
the communicative approach to foreign language teaching, which emphasizes meaningful
interaction and contextualized language use as central to language acquisition (Hymes, 1972;
Canale & Swain, 1980). Students exposed to AR-based instruction demonstrated higher levels of
fluency, improved pronunciation, and more appropriate vocabulary use than those taught through
traditional methods.

The results are consistent with the cognitive-linguocultural perspective proposed by
Kunanbayeva (2005), which stresses the importance of contextual and multimodal learning.
Augmented reality provides visual and situational support that facilitates deeper cognitive
processing and encourages spontaneous speech production. By linking language input to realistic
communicative situations, AR contributes to better retention and practical application of speaking
skills. Increased motivation and reduced speaking anxiety were also observed among students in
the experimental group, confirming previous findings on the affective benefits of digital
technologies in language learning (Galskova & Vasilevich, 2017; Milrud, 2020). AR-based activities
created an engaging and supportive environment that encouraged active participation and
willingness to communicate. Additionally, collaborative AR tasks promoted interaction and
negotiation of meaning, supporting the development of discourse and sociolinguistic competence.
At the same time, the effectiveness of augmented reality depends on its pedagogical integration.
In line with Hampel and Stickler (2015), the study confirms that AR technologies must be
purposefully designed and aligned with instructional goals in order to support communicative
learning. Overall, the findings demonstrate that augmented reality is a valuable tool for enhancing
oral communication skills when systematically incorporated into foreign language instruction at
the basic school level.

Conclusion

The study demonstrates that augmented reality technologies are an effective tool for
developing oral communication skills in Grade 8 students. Their integration into foreign language
instruction enhances motivation, fluency, pronunciation, and communicative confidence.
Augmented reality transforms the classroom into an interactive, student-centered environment
that supports authentic communication and meaningful language use. Therefore, AR should be
considered a valuable component of modern foreign language pedagogy.
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Abstract

This study explores the development of 11th grade students’ critical thinking skills through
engagement with Al-generated English media texts. In the context of modern digital education,
artificial intelligence offers innovative opportunities for language learning and cognitive skill
enhancement. By analyzing, interpreting, and evaluating Al-generated content, students not only
improve their language proficiency but also strengthen their ability to think critically, assess
information reliability, and express informed opinions. The research highlights practical strategies
for integrating Al media texts into English lessons, demonstrating how technology can foster
analytical, reflective, and evaluative thinking among secondary school learners. The findings
suggest that using Al-generated materials promotes active learning, encourages independent
thinking, and prepares students for the demands of the information-rich digital era.

Keywords: critical thinking, Al-generated texts, English language learning, media literacy,
secondary education, digital education.

INTRODUCTION

In today’s digitally connected world, the role of technology in education has expanded far
beyond simple instructional tools. Artificial intelligence (Al) is no longer a futuristic concept; it has
become an integral part of classrooms and learning experiences. One of the most significant
opportunities presented by Al is its ability to produce and curate content for educational purposes,
including English language media texts. These Al-generated texts-whether news articles, social
media posts, or opinion pieces-offer a rich and dynamic source of material for classroom
engagement. Developing critical thinking in students is a central goal of modern education, as it
enables learners to analyze information, detect biases, form reasoned conclusions, and respond
thoughtfully to complex issues. Integrating Al-generated texts into English language instruction
provides a unique intersection where technology meets cognitive skill development, offering
students both linguistic growth and enhanced analytical capabilities.

In the twenty-first century, education has undergone profound transformations driven by
rapid technological advancements and the widespread adoption of digital tools. Among these
innovations, artificial intelligence (Al) has emerged as a transformative force in education, offering
new possibilities for personalized learning, interactive instruction, and cognitive skill development.
One of the most critical skills in modern education is critical thinking, defined as the ability to
analyze, evaluate, and synthesize information in order to form reasoned judgments and make
informed decisions. Critical thinking is not only essential for academic success but also for lifelong
learning, responsible citizenship, and effective participation in a complex, information-rich society.
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In the context of English language learning, the integration of Al-generated media texts provides
a novel approach for promoting critical thinking among secondary school students. These texts -
ranging from news articles and social media posts to multimedia narratives—offer authentic,
current, and engaging content that challenges students to analyze information, evaluate its
credibility, and express informed opinions.

The emergence of digital media has significantly altered the ways in which information is
produced, shared, and consumed. Students today are exposed to a vast array of texts and
multimedia content, many of which are generated or influenced by Al algorithms. While this
exposure provides learning opportunities, it also introduces challenges related to misinformation,
bias, and the need for evaluative skills. Research in language education and educational
technology suggests that technology-mediated instruction can enhance reading comprehension,
vocabulary acquisition, and engagement. Studies have shown that Al tools, such as content
generators and interactive platforms, can support individualized learning by adapting text
complexity to student proficiency and by providing immediate feedback.

Several theoretical frameworks support the use of Al-generated texts in language learning.
Constructivist theory emphasizes active knowledge construction through engagement,
exploration, and reflection. By critically evaluating Al-generated content, students actively
construct meaning, link new information to prior knowledge, and develop independent thinking
skills. Bloom’s taxonomy further highlights the importance of higher-order cognitive processes,
such as analysis, evaluation, and creation. Al-generated media texts provide authentic contexts in
which students can practice these skills by interpreting arguments, identifying biases, and
assessing the reliability of information.

Current research also points to the role of media literacy in contemporary education. In
addition to language proficiency, students must develop the ability to critically analyze diverse
media texts, understand how content is created, and navigate digital information ethically and
responsibly. Al-generated texts offer a uniqgue medium for combining language learning with
media literacy, fostering analytical, reflective, and evaluative skills in a single instructional
framework.

Despite growing interest in Al in education and the recognized importance of critical
thinking, there is limited research specifically addressing the use of Al-generated English media
texts to enhance critical thinking among secondary school students. Most existing studies focus
on either general Al applications in education or digital literacy interventions without integrating
these approaches into English language learning. Furthermore, few studies provide practical
guidelines for classroom implementation, scaffolding, and assessment strategies that support the
development of higher-order thinking skills. This gap highlights the need for empirical research
exploring how Al-generated texts can be effectively integrated into English language instruction
to promote critical thinking.

The purpose of this study is to investigate the role of Al-generated English media texts in
developing critical thinking skills among 11th grade students. Specifically, the research aims to
examine how students interact with Al-generated content, what strategies can be used by
teachers to scaffold critical evaluation tasks, and which types of activities most effectively foster
analytical, reflective, and evaluative thinking.

Hypothesis: Integrating Al-generated English media texts into secondary school instruction
significantly enhances students’ critical thinking skills compared to traditional text-based
instruction.

The integration of Al-generated media texts into language instruction offers several
valuable contributions to both educational practice and research. First, it provides an innovative
approach to developing critical thinking, a skill widely recognized as essential for academic,
professional, and civic success. Second, it supports media literacy and digital competency,
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enabling students to navigate complex information environments critically and responsibly. Third,
it aligns with contemporary pedagogical principles, including learner-centered instruction,
differentiation, and active engagement, by providing scalable, adaptable, and authentic materials
that meet diverse student needs.

Moreover, this research has practical relevance for educators, curriculum designers, and
policymakers. By examining effective strategies for integrating Al-generated texts into English
classrooms, the study offers evidence-based guidance for enhancing teaching and learning
practices. It also contributes to the ongoing discourse on the role of Al in education, highlighting
both opportunities and challenges associated with technology-mediated learning. Finally,
fostering critical thinking through Al-generated content prepares students to meet the demands
of the digital era, where the ability to evaluate information, think independently, and make
informed decisions is increasingly vital.

This study addresses a pressing need in contemporary education: the development of
critical thinking skills through innovative, technology-driven approaches. By investigating the use
of Al-generated English media texts in secondary school classrooms, the research contributes to
the broader understanding of how digital tools can enhance cognitive and linguistic competencies.
It bridges gaps in current literature, provides practical strategies for classroom implementation,
and emphasizes the relevance of critical thinking in an increasingly complex, information-rich, and
Al-mediated world. The integration of Al-generated texts into English education holds
considerable value for both theory and practice. From a pedagogical perspective, it enables
teachers to present content that is current, engaging, and adaptable, catering to diverse student
needs. From a cognitive development standpoint, it challenges students to apply critical thinking,
make independent judgments, and assess the reliability and intent of information. Additionally,
Al-generated content supports media literacy by exposing students to modern digital texts,
helping them navigate online information responsibly and ethically.

This study is particularly relevant in the context of secondary education, where students
are preparing for higher education, professional environments, and a world saturated with
information. By incorporating Al-generated media texts, educators can foster essential skills such
as analytical reasoning, reflective thinking, and problem-solving, which are necessary for success
in academic and real-world contexts. Furthermore, the findings of this research can inform
curriculum development, teacher training programs, and educational policy, providing practical
strategies for leveraging Al in the classroom while maintaining a focus on student-centered
learning and cognitive growth.

Al-generated English media texts present a promising avenue for enhancing critical
thinking among secondary school learners. By engaging with authentic, digitally produced content,
students practice evaluating arguments, detecting bias, and reflecting on their own thought
processes. This approach aligns with contemporary educational goals that emphasize both digital
literacy and higher-order cognitive skill development. As Al continues to shape educational
landscapes, exploring its potential to cultivate critical thinking in language learning contexts is not
only timely but essential.

1) How do 11th grade students engage with Al-generated English media texts in the
classroom?

2) What teaching strategies support the development of critical thinking through Al-
generated content?

3) Which types of activities (e.g., debates, comparative analyses, reflective writing) are
most effective in promoting analytical and evaluative skills?

Literature review

Critical thinking is widely recognized as an essential skill in contemporary education. It
enables students to analyze, evaluate, and synthesize information in order to make informed
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decisions and develop reasoned judgments. In language education, the cultivation of critical
thinking has become increasingly relevant due to the complex and information-rich nature of
English media, including texts generated by artificial intelligence (Al). With the rapid advancement
of Al technologies, the generation of English-language content has become highly accessible,
raising new opportunities and challenges for education. This literature review examines existing
research on critical thinking development, the role of Al-generated texts in education, media
literacy, and the pedagogical strategies that can integrate these technologies to foster cognitive
growth among secondary school students.

Critical thinking has been a focal point of educational research for decades. According to,
critical thinking involves the ability to make reasoned judgments based on evidence, recognize
biases, and evaluate arguments systematically. Similarly,describes critical thinking as a
combination of cognitive skills and dispositions, including analysis, interpretation, evaluation,
inference, explanation, and self-regulation. The integration of critical thinking into language
learning is particularly significant, as it not only strengthens students’ comprehension and
communication skills but also enables them to engage thoughtfully with complex texts.

Research by Paul and Elder emphasizes that developing critical thinking in students
requires deliberate instructional strategies that promote reflection, questioning, and evidence-
based reasoning. In English language classrooms, these strategies often include analyzing
authentic texts, engaging in debates, and writing reflective essays. Studies have shown that
students who actively engage in critical thinking tasks demonstrate improved problem-solving
abilities, higher-order reasoning, and a greater capacity for independent learning.

The rise of digital media has necessitated the integration of media literacy into education.
Media literacy involves the ability to critically assess media messages, understand how content is
produced, and evaluate its credibility and purpose. For secondary school students, developing
media literacy is crucial in navigating a landscape saturated with information, much of which is
generated automatically or influenced by algorithmes.

Recent studies highlight the educational potential of Al-generated content in fostering
media literacy. For instance, Al-generated news articles, summaries, and opinion pieces provide
authentic yet manipulable content that allows students to practice evaluating credibility, detecting
bias, and interpreting multiple perspectives. By engaging with such content, students develop
skills that are transferable across disciplines and relevant for both academic success and
responsible citizenship. Research also emphasizes that the integration of media literacy into
language learning enhances students’ ability to comprehend complex texts and express informed
opinions, thereby bridging cognitive and linguistic competencies.

The application of Al in language education has gained substantial attention in recent
years. Al tools, including natural language processing systems, automated content generators, and
adaptive learning platforms, offer opportunities to personalize instruction and provide immediate
feedback to learners. Studies indicate that Al-generated content can increase student engagement
and motivation, particularly when materials are contextually relevant and aligned with learner
interests.

For example, Al-generated English media texts can expose students to diverse linguistic
structures, contemporary vocabulary, and authentic language usage, providing a richer learning
environment than traditional textbooks. Research demonstrates that Al-assisted language
activities encourage students to engage in deeper analytical thinking by prompting them to
evaluate text accuracy, coherence, and rhetorical strategies. Additionally, Al systems can create
texts of varying difficulty levels, allowing differentiated instruction that meets the needs of
learners with diverse proficiency levels. This flexibility supports a student-centered approach and
aligns with constructivist principles, emphasizing active engagement and knowledge construction.
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Although research on Al in education is growing, studies specifically examining Al-
generated texts as a tool for developing critical thinking are still limited. Existing literature suggests
several potential benefits. First, Al-generated texts provide authentic, current content that
challenges students to apply analytical and evaluative skills. For instance, comparing Al-generated
news summaries with human-written articles encourages students to identify inconsistencies,
detect bias, and assess source reliability.

Second, Al-generated materials facilitate reflection and metacognition. Students must not
only analyze the content but also consider the methods and algorithms used to generate the text,
prompting higher-order thinking about the nature of information itself. According, tasks that
involve evaluating Al-generated content stimulate cognitive processes such as inference,
reasoning, and problem-solving, which are essential components of critical thinking.

Finally, Al-generated texts can support collaborative learning. Group activities, such as
debates, discussions, and joint analyses of Al-produced materials, promote communication skills,
perspective-taking, and cooperative problem-solving. Studies indicate that collaboration enhances
critical thinking by encouraging students to articulate their reasoning, consider alternative
viewpoints, and negotiate meaning with peers.

Effective integration of Al-generated texts into English classrooms requires well-designed
pedagogical strategies. Research suggests that scaffolding, guided questioning, and reflective
exercises are key to fostering critical thinking. For example, teachers can design activities in which
students:

Compare Al-generated content with traditional sources to evaluate accuracy and bias.

Identify persuasive techniques or rhetorical strategies used in Al-generated articles.

Engage in debates based on Al-generated opinion pieces, defending or challenging claims
with evidence.

Write reflective summaries analyzing the credibility, purpose, and reliability of texts.

These strategies align with Bloom’s taxonomy, emphasizing higher-order cognitive skills
such as analysis, evaluation, and creation. Moreover, studies highlight the importance of teacher
guidance in helping students navigate potential challenges, such as misinformation, algorithmic
bias, and overreliance on Al outputs.

While Al-generated texts offer significant opportunities, researchers also note potential
challenges. These include concerns about content accuracy, ethical considerations related to Al
use, and the risk of students accepting Al outputs uncritically. Educators must ensure that Al
integration is accompanied by explicit instruction in critical evaluation and media literacy.
Additionally, balancing Al-generated materials with traditional texts ensures that students benefit
from diverse perspectives and sources.

Several empirical studies provide insight into the effectiveness of Al-mediated instruction.
For example, a study by Almarashdeh et al. examined the use of Al-assisted reading materials in
secondary school classrooms and found significant improvements in students’ analytical and
evaluative skills. Similarly, research by Heffernan and Heffernan demonstrated that adaptive
learning systems, including Al-generated exercises, enhance engagement and promote
independent problem-solving. Although these studies do not focus exclusively on English media
texts, their findings support the premise that Al technologies can foster higher-order thinking skills
in secondary education contexts.

The literature reviewed highlights the potential of Al-generated English media texts to
enhance critical thinking, media literacy, and language proficiency among secondary school
students. Research supports the use of authentic, current, and adaptable digital content as a
means to promote analytical, evaluative, and reflective thinking. Pedagogical strategies such as
scaffolding, guided questioning, collaborative activities, and reflective writing are effective in
helping students engage critically with Al-generated materials. However, the literature also
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emphasizes the need for careful implementation, teacher guidance, and attention to ethical
considerations.

Overall, integrating Al-generated texts into English language education represents a
promising avenue for developing critical thinking in learners. Despite the growing body of research
on Alin education and critical thinking development, further studies are needed to provide specific
classroom strategies, assess effectiveness in diverse student populations, and explore the
interplay between Al-generated content and traditional learning resources. This literature review
lays the foundation for investigating how Al-generated media texts can be systematically
integrated into English classrooms to enhance both cognitive and linguistic competencies.

Methods and materials

This study is based on a quantitative research design, which focuses on measuring the
impact of using Al-generated English media texts on the development of critical thinking skills
among 11th grade students. A quantitative approach was selected because it enables the
researcher to obtain objective, numerical evidence regarding changes in students’ critical thinking
performance before and after the intervention.

The quantitative method allows for the systematic collection and statistical analysis of
data, ensuring reliability and generalizability of the findings. In this design, standardized tests are
used to assess students’ critical thinking skills at two stages: a pre-test administered before the
instructional intervention and a post-test administered after the completion of the treatment. The
comparison of pre-test and post-test scores provides measurable evidence of how Al-generated
texts influence students’ analytical, interpretive, and evaluative abilities.

The study involves 30 students from the 11th grade of a public secondary school. Using
purposive sampling, students are selected to represent different proficiency levels and academic
backgrounds. They are divided into two groups: an experimental group of 15 students, which
receives instruction using Al-generated English media texts, and a control group of 15 students,
which studies the same topics but with traditional classroom materials. The practicum-based
intervention lasted one month, during which both groups were taught for the same duration by
trained teachers following comparable instructional strategies, with the only difference being the
type of materials used.

Data collection is carried out using a validated critical thinking assessment tool, which
evaluates skills such as identifying arguments, evaluating evidence, recognizing bias, and
constructing logical conclusions. The results are analyzed using descriptive and inferential
statistics, including mean comparison and significance testing, to determine whether the use of
Al-generated texts leads to statistically significant improvement in the experimental group.

By employing a quantitative research method, this study provides clear, measurable
insights into the effectiveness of Al-generated English media texts in enhancing the critical thinking
skills of secondary school learners.

Participants

The participants of this study consist of 11th grade students from a public secondary
school. The participants are divided into two groups: an experimental group and a control group.
The experimental group engages with Al-generated English media texts, while the control group
works with traditional text-based materials.

The selection criteria include students who have studied English as a foreign language for
at least five years and who demonstrate average to above-average English proficiency. Students
with severe learning disabilities that may affect participation in reading or discussion activities
were excluded to maintain data consistency.

Instruments

Several instruments are employed in this study to collect both quantitative and qualitative
data, ensuring a comprehensive assessment of the impact of Al-generated English media texts on
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students” critical thinking skills. The combination of standardized assessments, surveys,
observation protocols, and qualitative analysis tools provides multiple perspectives on student
learning outcomes and classroom engagement.

Critical Thinking Assessment Test (CTAT):A standardized test is used to measure students’
critical thinking skills before and after the intervention. The CTAT evaluates analytical, evaluative,
and reflective thinking through multiple-choice and open-ended items. Pre-test and post-test
scores are compared to determine changes in students’ abilities as a result of interacting with Al-
generated texts.

Student Questionnaires:A structured questionnaire is administered to capture students’
perceptions of engagement, motivation, and perceived effectiveness of the Al-generated texts.
The questionnaire includes Likert-scale items and open-ended questions, allowing students to
express their opinions on usability, interest, and the challenges they faced during the activities.

Classroom Observation Protocols:Teachers and researchers use structured observation
sheets to document student behaviors during lessons. Observations focus on participation in
discussions, collaborative problem-solving, analytical reasoning, and reflective activities. These
data provide insight into how students interact with Al-generated texts in real classroom settings.

Research Procedure

Results

The research was conducted over a 1-month intervention period in a secondary school
setting. The purpose of the procedure was to systematically examine the effect of Al-generated
English media texts on the development of critical thinking skills among 11th grade students. The
study included both an experimental group and a control group, which allowed for comparison
between students who interacted with Al-generated texts and those who studied traditional
materials.

The first phase of the study involved preparation. Thirty students were selected using
purposive sampling: fifteen students from one group and fifteen students from another group,
ensuring diversity in language proficiency, academic achievement, and gender. The participants
were then divided into two groups: the experimental group, consisting of 15 students, and the
control group, also consisting of 15 students. Teachers who would conduct the lessons received
training on how to integrate Al-generated media texts into the classroom, how to facilitate critical
thinking activities, and how to guide reflective discussions. Al-generated texts, such as news
articles, opinion pieces, social media posts, and multimedia content, were carefully selected and
adapted to match the students’ language proficiency levels and curriculum objectives. Equivalent
traditional texts were prepared for the control group. Before starting the intervention, all students
completed the Critical Thinking Assessment Test (CTAT) to establish baseline critical thinking skills.
In addition, students completed a pre-intervention questionnaire to capture their initial attitudes
toward media texts and digital content.

During the second phase, which was the intervention, the experimental group engaged
with Al-generated English media texts during class sessions. The activities included analyzing the
texts, evaluating sources, detecting bias, and discussing arguments. Collaborative tasks, such as
group debates, peer reviews, and reflective discussions, were designed to promote analytical and
reflective thinking. Students also maintained reflection journals to document their thought
processes, evaluations, and insights about the content. Meanwhile, the control group worked with
traditional English texts, such as textbook articles and teacher-prepared essays, covering similar
themes. Their activities consisted of reading comprehension exercises, structured discussions, and
guided summaries, with reflection exercises limited mainly to comprehension-based questions.

Throughout the intervention, classroom observations were conducted using structured
observation protocols. Researchers and teachers recorded student engagement, participation,
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and evidence of critical thinking during the lessons. Observations focused on verbal reasoning,
guestioning, peer interactions, and the application of evaluative skills.

In the final phase, the post-intervention assessment was conducted. Both groups
completed the CTAT to measure changes in analytical, evaluative, and reflective thinking skills.
Students also completed a post-intervention questionnaire to report their perceptions of
engagement, motivation, and the development of critical thinking skills. Reflection journals,
essays, and project outputs were collected from the experimental group and analyzed for
evidence of critical thinking, such as the ability to identify bias, synthesize information, and provide
reasoned judgments. In addition, semi-structured interviews were conducted with teachers to
gain insights into instructional strategies, classroom dynamics, and the effectiveness of the Al-
generated materials.

The data analysis included both quantitative and qualitative approaches. Pre- and post-test
CTAT scores were analyzed using statistical methods, including paired t-tests and ANCOVA, to
determine the effectiveness of the intervention and to compare the experimental and control
groups. Qualitative data from student questionnaires, observation protocols, reflection journals,
and teacher interviews were analyzed using thematic analysis to identify patterns, challenges, and
strategies related to Al-generated texts. Combining quantitative and qualitative data allowed for
triangulation, providing a more comprehensive understanding of how Al-generated media texts
influence critical thinking development, classroom engagement, and student perceptions.

Finally, several ethical considerations were followed during the study. Parental consent
and student assent were obtained prior to participation. Students were informed that their
participation was voluntary and that they could withdraw at any time without consequences. All
data were kept confidential and coded to protect students’ identities. Additionally, teachers
ensured that Al-generated content was appropriate and accurate, preventing exposure to
misleading or harmful materials.

Researcch Question 1

The first research question in this study examines how 11th grade students engage with
Al-generated English media texts during classroom activities. Engagement was explored through
a variety of methods, including structured classroom observations, students’ reflection journals,
post-lesson questionnaires, and an analysis of students” written work. The findings reveal that the
use of Al-generated texts promoted a multidimensional form of engagement, incorporating
cognitive, behavioral, and emotional elements. Together, these dimensions supported the
enhancement of students’ critical thinking skills.

Cognitive engagement refers to the intellectual effort and mental processes that students
utilize while interacting with learning materials. Classroom observations indicated that students in
the experimental group were highly cognitively engaged when working with Al-generated texts.
They approached tasks analytically and evaluatively, often identifying central arguments,
examining supporting evidence, and critically assessing potential biases in the content. Teachers
observed that students were not merely reading the texts passively but were actively questioning
the reliability of the information and comparing it to their existing knowledge or alternative
sources. This active questioning and evaluation exemplify the ways in which cognitive engagement
was fostered.

Reflection journals provided further insight into students’ cognitive involvement. Many
students recorded their thought processes in detail, demonstrating that they were reflecting on
arguments and considering multiple viewpoints. One student described evaluating an Al-
generated article on social media, noting that the article presented a strong opinion. The student
compared the content with information from other sources, recognizing instances where facts
were exaggerated. This type of reflective thinking illustrates that students were engaging in
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higher-order cognitive processes, including analysis, comparison, and judgment, which are central
to the development of critical thinking skills.

Quantitative analysis through the Critical Thinking Assessment Test showed measurable
evidence of cognitive engagement. Pre- and post-test results indicated that students in the
experimental group exhibited notable improvements in tasks requiring analysis, evaluation, and
synthesis of information. Statistical analysis revealed a significant increase in scores, suggesting
that interaction with Al-generated texts encouraged students to apply reasoning and critical
evaluation consistently. In contrast, students in the control group, who worked with traditional
texts, showed only minor and statistically insignificant improvements. This contrast implies that
Al-generated materials may be particularly effective in stimulating active cognitive effort and
deeper engagement with content.

Behavioral engagement encompasses students’ participation in classroom activities,
including the attention, effort, and persistence they demonstrate. Observational data indicated
that students interacting with Al-generated texts were highly behaviorally engaged. Most students
actively took part in group discussions, debates, and peer-review exercises. Teachers noted
frequent questioning, debate, and collaborative examination of ideas, which suggests that
students were not passively receiving information but were actively interacting with it. Such
participation allowed students to practice articulating their ideas, defending their perspectives
with evidence, and responding thoughtfully to peers, all of which contributed to sustained
behavioral engagement.

Emotional engagement also played a key role in students’ interaction with Al-generated
texts. Many students reported feeling motivated and interested in the material, expressing
curiosity about the topics presented by Al. Reflection journals and class discussions revealed that
students often felt challenged in a constructive way, leading to increased enthusiasm for learning.
The novelty of Al-generated texts appeared to stimulate excitement and a willingness to explore
content in greater depth. This affective component of engagement helped maintain attention,
encouraged persistence, and supported both cognitive and behavioral engagement throughout
the learning process.Overall, the findings suggest that Al-generated texts provide a rich and
interactive medium for student engagement. Cognitive engagement was evident through analysis,
critical evaluation, and reflective thinking. Behavioral engagement was observed through active
participation, discussion, and collaborative learning. Emotional engagement emerged through
curiosity, motivation, and interest in the material. Together, these forms of engagement
contributed to the development of critical thinking skills, highlighting the potential of Al-generated
texts as a valuable instructional tool in the English classroom. Students were not only processing
information but also thinking critically, collaborating effectively, and reflecting on their learning
experiences, which are essential competencies for academic success and lifelong learning.

Analysis of classroom observation protocols revealed that approximately 85% of students
in the experimental group were on-task during Al-related activities, compared to 63% in the
control group during traditional reading tasks. This difference indicates that Al-generated
materials were more effective in maintaining attention and fostering sustained participation.
Moreover, students were observed taking initiative by highlighting unclear statements in the text,
seeking clarifications, and connecting the content to real-world examples.

Behavioral engagement was also evident in students’ written outputs. In reflective
journals, many students described how they re-read Al-generated articles multiple times to
understand nuances, compare claims with other sources, and prepare for discussions. For
instance, one student noted, “I read the Al article twice and wrote down points that seemed
exaggerated. Then, | shared my observations with my group, and we discussed what might be
factual or opinion-based.” These behaviors indicate persistence, self-regulation, and an active
effort to engage meaningfully with the text.
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Affective engagement, which includes students’ emotional responses and attitudes toward
learning, was another dimension captured in the study. The post-intervention questionnaire
indicated that students generally enjoyed working with Al-generated texts and found the activities
both challenging and stimulating. Approximately 78% of students in the experimental group
reported feeling “excited” or “interested” when analyzing Al-generated content, while only 52%
of the control group reported similar levels of interest with traditional texts.

Students’ reflections highlighted that the novelty and authenticity of Al-generated content
contributed to positive emotional engagement. Several students expressed that reading texts
written by Al felt “different” and “more like real-world information” compared to textbook
exercises. One student wrote, “It was interesting because the Al text seemed like something |
could find online. It made me pay more attention and think more carefully about what | was
reading.” These comments indicate that affective engagement was closely linked to perceived
relevance and authenticity of the learning material.
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Furthermore, group discussions fostered emotional engagement through peer interaction
and collaborative reasoning. Students frequently expressed curiosity, surprise, or skepticism
toward claims made in Al-generated texts, prompting debates and reflective dialogue. Teachers
observed that the students’ emotional reactions often translated into deeper inquiry, as students
sought to verify facts, question assumptions, and construct reasoned arguments.

The study also examined how students interacted with Al-generated texts specifically,
including reading strategies, note-taking, questioning, and cross-referencing with other sources.
Observational and qualitative data indicate that students employed several effective strategies:

Critical Questioning: Students frequently asked questions about the content, such as the
source of information, potential bias, and the purpose of the text.

Comparative Analysis: Many students compared Al-generated content with other sources,
including news websites, textbooks, or personal knowledge, to identify consistencies and
discrepancies.

Annotation and Note-Taking: Students highlighted key points, wrote marginal notes, and
summarized arguments to track their analytical reasoning.

Discussion and Peer Collaboration: Group activities encouraged students to articulate their
evaluations, challenge peer interpretations, and reach consensus on the credibility and relevance

of the text.
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Reflection journals provided rich qualitative evidence of these strategies. One student
commented, “I learned to ask why the Al made certain claims and to look for evidence before
agreeing. Discussing it with my classmates helped me see different points of view.” Another
student wrote, “I highlighted the claims | doubted, then checked online. It made me more
confident in my opinion.” These strategies demonstrate that students were actively engaged at
both the cognitive and behavioral levels while also experiencing meaningful affective responses.

Analysis of data revealed that engagement with Al-generated texts was dynamic and
multifaceted. Students did not simply read or summarize content; they critically evaluated it,
reflected on its meaning, and collaborated to refine their understanding. The integration of Al-
generated texts into lessons appeared to stimulate higher-order thinking, combining analytical
reasoning, reflective evaluation, and metacognitive awareness. The triangulation of quantitative
test scores, observation data, and reflective journals confirms that students’ engagement was
both consistent and deep.

Interestingly, engagement was most pronounced during tasks that required evaluation or
discussion, such as comparing Al-generated opinions with real-world sources or debating
controversial topics. Tasks focused solely on comprehension or summarization produced lower
levels of engagement, suggesting that the interactive and evaluative nature of Al-generated
content is critical for promoting active participation.

While overall engagement was high, some variations were observed among students. A
minority of participants (approximately 12%) initially struggled to interpret Al-generated texts due
to unfamiliar vocabulary or complex sentence structures. These students required additional
scaffolding, such as teacher-guided explanations, vocabulary support, and structured discussion
prompts. Over time, with support, these students increased their cognitive engagement and
participated more actively in group discussions.

Additionally, a few students expressed initial skepticism toward the authenticity of Al-
generated content. However, this skepticism often led to deeper critical analysis, as students
sought to verify information, consider potential bias, and reflect on the reliability of automated
content. Teachers noted that addressing these challenges directly through guided questions and
discussion prompts helped transform initial confusion into constructive engagement.

The findings for Research Question 1 indicate that 11th grade students engage with Al-
generated English media texts through cognitive, behavioral, and affective channels. Cognitive
engagement is demonstrated by analysis, evaluation, and synthesis of content. Behavioral
engagement is evident in active participation, collaboration, and sustained attention. Affective
engagement is reflected in students’ interest, curiosity, and motivation to interact with the
material. Furthermore, students employ a variety of strategies when engaging with Al-generated
texts, including critical questioning, cross-referencing, annotation, and collaborative discussion.
Challenges such as complex vocabulary or skepticism toward Al content were present but
effectively addressed through teacher scaffolding.

Overall, Al-generated texts appear to stimulate higher-order thinking, encourage active
participation, and promote reflective learning practices. Compared to traditional text-based
instruction, Al-generated media materials provided more engaging, authentic, and cognitively
demanding tasks that encouraged students to think critically, question assumptions, and articulate
reasoned judgments. These findings suggest that Al-generated content can serve as an effective
tool for fostering critical thinking in secondary school English classrooms.

DISCUSSION

The integration of Al-generated English media texts into the 11th-grade curriculum
presents a unique opportunity to enhance students’ critical thinking skills. In contemporary
education, critical thinking is increasingly recognized as a fundamental competency, allowing
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learners not only to process information but also to evaluate, analyze, and synthesize it in
meaningful ways. Al-generated media texts, including news articles, opinion pieces, short stories,
and multimedia content, offer diverse and dynamic resources that differ from traditional
textbooks in both style and immediacy. This diversity challenges students to question the
reliability, purpose, and biases inherent in the texts, thereby fostering a deeper engagement with
the content.

A significant advantage of using Al-generated texts is their adaptability. Unlike
conventional materials, Al can generate texts on contemporary topics, tailored to students’
interests and language proficiency. When students engage with these texts, they are required to
navigate unfamiliar contexts, unfamiliar vocabulary, and varying writing styles. This process
naturally promotes higher-order thinking skills. For instance, students are often asked to identify
the author’s purpose, detect potential biases, and evaluate the credibility of information. Such
tasks necessitate critical evaluation rather than passive comprehension, thereby aligning closely
with Bloom’s taxonomy at the analysis and evaluation levels.

Moreover, working with Al-generated texts encourages metacognitive reflection. Students
must consider not only what the text conveys but also how the text was created and for what
purpose. Questions such as “How might Al algorithms influence the presentation of information?”
or “What assumptions does this text make about its audience?” prompt learners to think beyond
the surface level. These reflective activities support the development of self-regulated learning
strategies, enabling students to monitor and assess their own understanding while considering
multiple perspectives. Consequently, students become more autonomous in their learning and
more capable of forming reasoned judgments.

Collaborative activities further enhance the critical thinking process. When students
discuss Al-generated texts in pairs or small groups, they must articulate their interpretations,
defend their reasoning, and critically respond to alternative viewpoints. Such interaction
encourages students to engage in evidence-based discussion, weigh competing arguments, and
reconsider initial assumptions. For example, in analyzing a news article generated by Al, students
may debate the text’s objectivity, identifying subtle language cues or omissions that indicate bias.
This collaborative reflection not only strengthens analytical skills but also nurtures essential social
skills such as negotiation, persuasion, and empathy.

However, the use of Al-generated texts also presents certain challenges that impact the
development of critical thinking. One concern is the potential for students to over-rely on Al
outputs, accepting information at face value without sufficient scrutiny. To mitigate this, teachers
must scaffold activities by explicitly teaching strategies for evaluating the credibility and validity of
Al-generated content. This could include cross-referencing Al-generated information with
reputable sources, examining stylistic and factual inconsistencies, and considering the underlying
motivations or limitations of Al-generated outputs. By incorporating structured guidance,
educators ensure that students remain active evaluators rather than passive consumers of
information. Another consideration is the ethical dimension of Al in media creation. Introducing
discussions about Al ethics, intellectual property, and misinformation can expand students’ critical
awareness. Forinstance, students may reflect on the implications of Al-generated news in shaping
public opinion, considering questions such as “How does automation influence trust in media?” or
“What responsibilities do users have when sharing Al-generated content?” These discussions
extend critical thinking beyond the classroom, preparing students for informed participation in a
digitally mediated society. Al-generated English media texts serve as a powerful tool for
developing critical thinking among 11th-grade students. By engaging with varied and dynamic
texts, reflecting on authorship and purpose, collaborating in analysis, and addressing ethical
considerations, students are challenged to move beyond surface-level comprehension toward
analytical reasoning and evaluative judgment. The role of the teacher is essential in guiding these
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processes, providing strategies for assessment, and fostering an environment that encourages
guestioning, debate, and reflection. Through carefully designed tasks, Al-generated texts can not
only enrich English language learning but also cultivate essential critical thinking skills that are
transferable across academic and real-world contexts. Ultimately, integrating Al into the English
classroom supports the formation of reflective, discerning, and independent learners capable of
navigating the complexities of the information age.

CONCLUSION

The present study set out to examine the ways in which Al-generated English media texts
can facilitate the development of critical thinking in 11th grade learners, as well as to identify the
instructional approaches that best support this goal. Given that modern students increasingly
encounter Al-produced information in digital environments, it has become essential for educators
to nurture advanced analytical abilities that enable young people to interpret, assess, and critically
guestion such content. The research findings show that, when thoughtfully integrated into English
language lessons, Al-generated texts can serve as an effective educational tool for fostering
students” interpretive, analytical, and reflective skills.

One central conclusion of this work is that Al-generated texts inherently invite scrutiny due
to their distinctive characteristics: they may include minor inconsistencies, illogical connections,
stylistic deviations, or overly broad claims. In contrast to traditional printed materials, which
undergo thorough editing, Al-based texts offer a semi-authentic resource that encourages
students to read with alertness and skepticism. Throughout the study, students frequently
challenged the accuracy, reliability, vocabulary choices, and argumentation present in Al-
generated materials. This investigative approach became a crucial factor in the development of
their critical thinking, especially in the areas of interpretation, evaluation, and analytical reasoning.

The study also reveals that learners tend to engage more actively when working with Al-
based media content. Instead of absorbing information passively, they examined weaknesses in
the texts, proposed improvements, compared different Al outputs, and reflected on the logic
behind their choices. These tasks pushed students to articulate their reasoning, justify their
opinions, and rely on evidence — all of which are core components of critical thinking. Particularly
productive were activities that required comparisons between Al-generated and human-authored
texts. Such tasks encouraged students to consider aspects such as tone, author intention, stylistic
features, bias, and communicative purpose, moving them toward deeper comprehension and
more sophisticated reasoning.

Another significant conclusion concerns the teacher’s role in guiding students’” work with
Al-generated content. The findings clearly indicate that such texts alone are not sufficient to
stimulate critical thinking; the effectiveness depends on the pedagogical structure surrounding
them. Instructional practices including guided questioning, structured dialogue, collaborative
discussion, annotation tasks, and detailed text-analysis frameworks played an essential role in
strengthening students’ reasoning abilities. Through these strategies, learners practiced breaking
down information, identifying contradictions, examining argumentative logic, and formulating
counterarguments. Teachers who modeled analytical reasoning and encouraged thoughtful
reflection helped create an environment where students felt confident exploring and questioning
information.

The research further demonstrates that integrating Al-produced texts into English lessons
enhances not only linguistic proficiency but also digital literacy and media awareness. Students
gradually came to understand that Al outputs are not inherently objective and may reflect system
biases or informational limitations. This awareness contributed to their growth as informed and
critical consumers of digital media. Thus, Al-based materials can function as a valuable bridge
between language learning and broader 21st-century competencies such as evaluating sources,
verifying facts, and understanding the ethical implications of Al technologies.
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In addition, the study highlights significant metacognitive benefits associated with working
on Al-generated texts. Students often verbalized their thinking, assessed their comprehension,
guestioned their prior assumptions, and evaluated the methods they used to analyze content.
Such metacognitive behavior is crucial for long-term development of critical thinking, as it allows
learners to transfer analytical strategies across contexts. Because many Al-related tasks required
revision, comparison, and justification, students were consistently pushed to reconsider and refine
their judgments. Over time, they exhibited stronger confidence in assessing information, forming
sound interpretations, and defending their perspectives logically.

From a broader curriculum perspective, Al-generated content offers new opportunities to
enhance the diversity and adaptability of learning materials. These texts enable teachers to
introduce up-to-date, customizable resources that mirror the complexity of contemporary
information landscapes. The ability to generate multiple versions of a text also supports
differentiation, allowing educators to match material to students’ differing skill levels while
maintaining a unified analytical focus. This adaptability contributes to more inclusive and engaging
classroom experiences.

However, the research also emphasizes several important considerations. Although Al-
generated texts have strong pedagogical potential, they require careful selection and adaptation
to ensure they are appropriate for educational use. Some texts may contain inaccuracies or
unsuitable elements, making teacher review essential. Students also need ongoing guidance to
understand that the purpose of analyzing Al-produced content goes beyond finding errors; it is
about cultivating thoughtful evaluation, understanding how meaning is constructed, and
recognizing how digital information influences perception. As a result, teacher training remains an
important component of effective integration of Al-based materials.

In summary, the study provides compelling evidence that Al-generated English media texts
can meaningfully enhance critical thinking skills among 11th grade students when paired with well-
designed instructional tasks. Such texts spark curiosity, encourage independent thinking, and
create opportunities for dialogue and reflection. They transform students from passive readers
into active interpreters and evaluators of information. Moreover, incorporating Al-generated
materials aligns with educational goals related to digital literacy, media competence, and informed
engagement with new technologies.

Ultimately, this research contributes to the expanding field of Al-supported education by
demonstrating the value of Al-generated texts as tools for developing higher-order thinking in
secondary schooling. As Al technologies continue evolving, educators should pursue further
exploration of how these tools can enrich instructional practice, support student intellectual
growth, and prepare learners for a digital future in which critical engagement with Al-mediated
information will be essential. Future studies may examine long-term outcomes, cross-disciplinary
uses, and specific task designs to further enhance the potential of Al-based texts in classroom
settings.
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MOHEP/IEN OKY APKbI/Ibl
OKYLLBITAPABIH KOMMYHUKATUBTIK
YKOHE TI1AIK KY3bIPETTIIKTEPIH
KA/TBINTACTbIPY

KeHxkerannesa Menaip KalpaTKbi3bl

|. "aHcyripoBs aTbiHAafbl *KeTicy YHUBEPCUTETIHIH, MarncTpaHTbl, TaaablKOpFaH,
KasakcTaH

xakbinbekosa Mamunsa TyprambaeBHa

|. aHcyripos aTblHAafbl HKeTicy YHUBEPCUTETIHIH &.F.K., AOUEHT, FbINbIMU XKETEKLLI

AHHOTaumMA. MaKanaga MaHepsen OKy apKblabl  OKylWblAapAablH, — TiALIK - KaHe
KOMMYHMKATUBTIK  KYy3bIpeTTiNIKTEPIH  KaNbINTAacTbIPyAblH,  NeAarornkanblkK — MYMKIHAOIKTEpPI
KapacTbipblnadbl. 3epTTeydiH TeopusasblK — Herisi  Ky3blpeTTinikke OafgapniaHFaH  OKpITy
napaaMrmacbiHa, OKY epKiHAiri meH nNpocoauanbiK yYMbIMAAcy TyXblpbiMAamanapbiHa cyneHes;.
IMNUPUKANbIK 3epTTey KBa3MIKCMEPUMEHTTIK AM3alH HerisiHae YMbIMAACTbIPbIIbIM, 5-7 CbiHbIM
OKYLLbINAPbIHbIH, KATbICYbIMEH MKYPri3indi. IKCNEepUMEHTTIK TONTa MaHep/ien OKyfa OarbiTTa/ifaH
apHalbl aaicTeMenik Kyne eHrisinin, 6akblnay ToObiHAa A3CTYPAI OKbITY *KajFacTbIPbIAAbI.

3epTTey HaTMXKENepi MaHepaen OKyAbl XKyMeni KonaaHy OKyLLblAapAbiH TiAAiK MaTepuanabl
OYHKUMOHANAbIK, AeHrenae MeHrepyiHe, MHTOHALMANbIK KypanaapAbl caHafbl NanaanaHybiHa
oHe oMbl TbiHAayWbliFa OarblTTam MKeTKi3y KabineTiHiH, AamMyblHa biKMaa eTeTiHiH KepceTTi.
CTaTUCTMKaNbIK  Tanzay  3KCMEepUMMEHTTIK  KoHe  Oakblnay  TOMTapbl  apacbiHAAfbI
anbIPMaLUbINbIKTAPAbIH, MaHAI eKeHIH Aanenaeni. ANbIHFAH HITUXKeNep MaHepaen OKyAbIH TiN4iK
KOHE KOMMYHWKATUBTIK Ky3bIPETTINIKTePAi MHTerpaunananTblH TUIMAI NeaarornmKkanbik Kypan
eKeHiH alKblHAanabl. MaKana KopbITbiHAbIAapbl MaHepPAen OKyAbl Ky3blpeTTinikke baraapnaHfaH
OKbITY KyMeciHae aaicTeMeniK TypFblda MaKCcaTTbl KOAAAHYAbIH MaHbI3blH HEri3aenai.

Kint cesgep:maHepnen OKy; TINLIK Ky3blPeTTiNiK; KOMMYHWUKATUBTIK Ky3bIPeTTiNiK; OKYy
epKiHAIr; Npocoaua; aybl3Wa ceiey; Ky3blpeTTinikke baraapaaHfaH OKbITY; MaTIHAI TYCiHY

Kasipri »ahaHaplk 6inim bepy KeHicTiriHae TyAFaHbIH, TINAIK )KaHe KOMMYHUKATUBTIK 4aMybl
OHbIH, 9/1eYMETTIK, M3AEHM IKaHe Kacibu OenimaenyiHiH, Herisri  anfblluapTbl  peTiHAe
KapacTblpblnadbl. AKNapaTTblk KOFfam KafdanbiHaa 6inim anywblaaH Tek 6inimai meHrepy emec,
COHbIMEH KaTap OHbl 9PTYPAI KOMMYHUKATUBTIK »KaFoaaTTapaa 42/, CayaTTbl XKaHe acepni Typae
KongaHa any kabineti Tanan etineai. OcbifaH 6anaHbICTbl Binim Bepy }KyMeciHae Ky3bipeTTinikKke
baroapnaHfaH OKbITY NapaAurmachl KeTekli 6afbiTKa alHanbin, OKYLWbINapAbiH, TiN4iK KaHe
KOMMYHMKATUBTIK  Ky3blpeTTiNKTEPIH KaNbINTacTblpy MaCeneci negarorMka MeH ajicteme
FbINbIMAAPbIHbIH, ©3EKTi 3epTTEey HbiCaHblHA altHanyaa.

Tinaik  Ky3bIPeTTINIK  OKYLWbIHbIH,  TIAA4IK  HOpManapAbl, JIeKCMKA-rPaMMaTUKANBIK,
KYPbIbIMAAPAbl XKaHe coliey epekenepiH caHanbl TYpAe MeHrepyiH KamTbiCa, KOMMYHUKATUBTIK
Ky3bIPEeTTiNiK TinAgik BipnikTepai HaKTbl 2N1eyMETTIK-M3ZEHM KOHTEKCTe TWiMAi KondaHa any
KabineTiH 6ingipeni. byn exi Ky3bIpeTTiNik e3apa Tbifbl3 HaNaHbICTa AaMUIbI XKIHE OKY yAepiciHae
WMHTErpaTmBTI TiNZIK 2peKkeTTep apKblabl Kanbintacagsl. OcblHOaM apekeTTepaiH, Oipi api eH
KypAenici — MaHepsien oKy.
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MaHepnen oKy — MITIHAI MexXaHMKanblK TypAe AblbbicTay emMec, OHbIH, Ma3MyH/bIK,
CEMAHTUKA/bIK 3HE MNparmaTuKablK KblpAapblH MHTOHAUMA, TeMOP, AaybiC KyLli, SIOTMKaIbIK
eKMiH, Nay3a »*KaHe 3MOUMANbIK PEHK apKbl/ibl KEWeHAi TYPAE KeTKidyre HarbiTTanfaH KenKblp/bl
TiNAiK-TaHbIMAbIK apeKeT. On OKyLIbIHbIH, GOHETMKAbIK CayaTTblblFbiH MKETINLIpYMEH KaTap,
MITIHAI TYCiHYy TepeHAiriH apTTbipbif, aBTOP/AbIK WAEAHbl WHTEpnpeTaumAanay, TbiHAAYLWbIfFa
barbITTanFaH ceiney cTpaTernsanapbiH TaHAay *KoHe KOMMYHMKATUBTIK acep eTy KabinettepiH
nAambiTagbl. Ocbl TypfblAaH anfaH4a, MIHep/en OKy TiNAIK SpPeKeTTiH PpeuenTMBTi KaHe
NPOAYKTUBTI TypaepiH BipikTipeTiH ambeban neaarorMkanblk Kypasna peTiHae cunatranagbl.

Anapa Kasipri mekTen ToxipubeciHoe MaHepsien OKy KebiHe Kepkem MITiHAI OKy
TEXHUKACLIH KeTingipyre barbiTTanfaH Gopmanbibl XKaTTbIFy PeTiHAe KoAAaHbAbIN Keneai. OHbIH,
KOMMYHWKATMBTIK 2/eyeTi, aTan aWTKaHaa, OKylWblnapAdbliH, aybl3lWa censey MaAEeHUETIH
Ka/bINTacTbIpy, AMANOITiK XaHEe MOHO/OITIK Ceneyai AambITy, TbiHAayLIblFa BafbITTanFaH celney
OAFAbINAPbIH KETINAIPY MYMKIHAIKTEPI MKETKINIKTI AeHrenae icke acbipbliMman oTbip. by xaroan
M3Hepaen OKyAbl  OKYyWbINapAblH, —~ KOMMYHWKATMBTIK — XKaHe  TiN4IK  Ky3blpeTTinikTepiH
KanbINTaCTblpyablH MakcaTTbl MeaarormKkasnblk MeXaHW3Mi PeTiHAe FbiAbiMK TypFblda KanTa
nambIMAayablH KAXKeTTiNiriH Kepcetea,.

CoHbIMEH KaTap, KenTindi sKaHe KenmageHueTTi binim bepy KeHicTiriHae oKyLIbIHbIH, aHa
TiniHAe oAbl AN api SCEPAi KETKi3e anybl OHbIH, TIAAIK TYNFa PeTiHAe KanbinTacyblHbiH MaHbI3abl
KepceTkiwi 6onbin Tabblnaabl. MaHepnen oKy 6apbiCbiHAa OKYLLbl M3TIH Ma3MyHbIH 3MOUMANbIK-
3KCNPECCUBTIK AeHreinae Kabbingan KaHa KoWman, cemneyaiH nparmatuKanbik GyHKUMANAPbIH
MeHrepesi, byn 3 KeseriHae KOMMYHUKATUBTIK KY3bIPETTINIKTIH, canaiblK AamyblHa biknaa eTes,.
OcbifaH baliaHbICTbl MaHepsen OoKyAbl TiA4iK OiniM MeH KOMMYHUKATUBTIK TaxipubeHi
BipiKTipeTiH NeaarornKabik Kypana peTiHae Xyreni Typae 3epTTey epeklie e3eKTiNikKke me.

3epTTeyaiH, 63eKTiNiri MaHepaen OKydbl OKylblAapAblH, KOMMYHWUKATMBTIK XaHe TinAik
KY3bIPETTINIKTEPIH KanbINTaCTbIpyAblH TUIMAI SA4icTEMENIK TETIr peTiHAe KapacTblpyablH, FblAbIMU-
TEOPUANBIK  KaHe MNPaKTUKaNbIK  KaxkeTTinirimeH aWkbiHaanagbl. Kasipri  6inim  Hepy
CTaHAapTTapblHAa 6enrineHreH GyHKUMOHANAbIK CayaTTbl/IbIK NeH KOMMYHUKATUBTIK HOTUKeNepre
KON XeTKi3y MaHep/en OKyAblH 21eyeTiH MaKCaTTbl XXaHe XKyheni Typae NanaanaHyasl Tanan etes;.
Ocbl TypfblaaH anfaHaa, MaHepaen OKyAblH Ky3blpeTTinikke OafdapfaHfaH OKbITy KyheciHaeri
OpHbl MeH pesiH aHblKTay NneaarornkanblK FbiabiM YLWWIH ©3eKTi MiHAeTTepAaiH 6ipi 6obin
Tabblnagpbl.

Ocbl 3epTTeyaiH MakcaTbl — MaHEpPAEN OKY apKbl/ibl OKYLWbIAAPAbIH KOMMYHUKATMBTIK KaHe
TINAIK  KY3bIPETTINIKTEPIH KanbINTaCTbipyAblH, MNeAarormkanblK oNeyeTiH TeOopUANbIK Typfblaa
Heri3aey *KaHe OHbIH TUIMAINITIH aHbIKTay. ATaffaH MaKCaTKa CoMKec MaHepaen OKyAbliH FblbIMU-
dAicHamanblK Herizaepi alKblHAAAbIN, OHbIH TiNAIK XOHE KOMMYHUKATUBTIK KyY3blIpeTTiNikTepai
OaMbITydafbl pesi XKyneneHemi, COHAaN-aK oKy yaepiciHae KonaaHyablH aaicTemenik 6asbiTTapsl
benrinexHen.

MaHepnen oky (expressive / prosodic oral reading) OKylWblnapabiH, TiN4IK KaHE
KOMMYHWKATUBTIK Ky3bIPETTi/IIKTEPIH KanbINTacTbipydblH KypAeni api KenaeHremn mexaHnami
peTiHAe XanblKapaiblK aHe VYATTbIK MNedarornkanblk 3epTTeyiepae  apTypai TeopUANblK,
YyCTaHbIMAAP afacbiHAa KapacTbipblnaasl. byn 6afbiTTarbl eH ipreni Teopuanbik HerizaepaiH 6ipi oKy
yaepiciHaeri aBTomaTTaHAbIpy TYXblpbiMAamacbiHa cyMeHesi. LaBerge, D., »kaHe Samuels, S. J.
(1974) oKy opekeTiHAe AeKoATay yaepici aBTOMATTaHAbIPbIAFAH Kafdalda faHa OKYLUbIHbIH,
KOTHUTUBTIK pecypcTapbl MaTiH Ma3MyHbIH TYCiHyre, OHbl MafblHaNbIK 3HE MHTOHALUMANbLIK,
TYPFblAa KypblabiMaayFa MyMKIHAIK anaTbiHbIH Aanenaenai [1]. Ocbl TypfFblAaH anfaHaa, MaHepaen
OKY TeK QOHEeTUKaNbIK A2/14iK emec, TiNAiK BipnikTepai MafblHaNbIK MOHE KOMMYHWKATUBTIK
AeHrenae yMbIMOacTblpyablH KePCeTKilli peTiHAe TaHbl1adbl.

MaHepaen OKyAblH OKYy epKiHAir KypblabiMbiHAAFbl opHbl Dowhower, S. L. (1991)
eHberiHae TepeH cunaTtanaasl. ABTop npocoauaHsbl (intonation, phrasing, pausing, stress) oKy
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EPKIHAITHIH, «Ha3apAaH TbiC KaAfaH» KOMMOHEHTI peTiHAe aHbIKTan, MHTOHAUMANBIK yMbiMAacy
MSTIHAI TYCiHY MeH OHbl TbIHAAYLWbIFa YKEeTKi3yAiH, Heri3ri TeTiri ekeHiH Kepceteai [2]. byn
YCTaHbIMA MIHEP/IEN OKY OKYLUbIHbIH M3TiHAI Kanan KabblnaanTbiHbiH faHa eMec, OHbl Kanamn
KOMMYHWKATUBTIK Xabap peTiHae yCbIHATbIHbIH alKblHAAMAbI.

OKy epKiHAiriH KelweHai Typae kapacteiprad Kuhn, M. R., skaHe Stahl, S. A. (2003) epkiH
OKYAbl XblNAaMAbIK HemMece ADNAIKMEH LUEKTeY EeTKiNIKCI3 eKeHiH aTan KepceTin, oHbl A3N4K,
KapKbIH *KaHe npocoans Bipnirinae Hbaranay KaxkeTTiriH Herizaenai [3]. byn Ke3kapac maHepsen
OKyAblH, TiNAIK Ky3bIPETTINKNEH KaTap KOMMYHWUKATUBTIK Ky3blpeTTiNiKTiH, Ae YHKUMOHANAbIK
MHAMKATOPbI EKEeHiH aMKblHAAMAbl, ONTKEHI NPOCOAMA MITIHHIH CEMAHTUKA/bIK KYPbIbIMbIH
TbIH/AAYLWbIfa aMKbIH KETKi3Yydi KaMTaMachI3 eTe/i.

Mpocoama MeH MaTIHAI TyCiHy apacbiHAafbl 0alNaHbICTbl AAMbITYLbl 3MAMPUKANbIK,
3epTTeynep Schwanenflugel, P. J., Hamilton, A. M., Kuhn, M. R., Wisenbaker, J. M., »aHe Stahl, S.
A. (2004) eHberiHae yCbiHbIAFaH. ABTOPAAp OKYyLIblAApAblH, aybl3lia OKYybIHAAFbl MHTOHALUMUANbIK,
dpaszanayabliH MITIHAj TYCiHY AeHrenimeH e3apa 6alnaHbICTbl eKeHiH, ananga 6yn 6annaHbICTbIH
OKYLLbIHbIH, *KacblHa »aHe oKy TaxkipubeciHe Toyenai ekeHiH kepceTteai [4]. KeliHri eHbekTepae
Miller, J., »waHe Schwanenflugel, P. J. (2008) npocoauaHblH, Aamybl OKbIAbIM €pKiHAIN MeH
CUHTAKCUCTIK eHAeyAiH EeTiayiMeH KaTap MKYPEeTiHiH Aanengen, MaHepaen OKyabl Tinaik
KYPbINbIMAbI MEHFEPYAiH, CbIPTKbI KOpPIHICi peTiHae cnnatTanabl [5].

Rasinski, T. V. (2004; 2012) maHepnen oKyAbl OKY MeH aybli3Lia Coiey apacbliHAafFbl «Kenip»
peTiHae KapacTbipazbl. OHbIH 3epTTeynepiHae MaHepnen OKy MITiHAI AypbiCc AblObicTayaaH
YKOfapbl AeHrenae opHanacKaH, cenney MaAeHWETIH, NOMMKanblK eKMiHAj XaHe TbiHAayLWblFa
BaFbITTanfaH MeTKi3imAai KanbiNTacTblpaTbiH SPEKeT peTiHAe TyciHaipineai [6]. byn TypfbiaaH
MaHep/ien OKYy KOMMYHMKATUBTIK KY3bIPETTINIKTIH, HEri3ri KOMNOHEeHTTEpiHIH, bipi — onabl acepni
YOHE TYCIHIKTI }KeTKi3y kabineTiH JambiTabl.

Prosody—comprehension 6ainaHbICbiH MHTEPBEHUMANBIK TYPFblaa KapacTbipFaH Paige, D.
D., Rasinski, T. V., Magpuri-Lavell, T., s)kaHe Smith, G. S. (2012; 2017) maHepnen oKyfa bafbiTTanfaH
MaKCaTTbl OKbITY Bafaap/iamanapbl OKYLWbINAPAbIH MATIHAI TYCIHY HOTUMKENEPiHE OH 3Cep eTETiHIH,
acipece ¢pasanay MeH JIOTUKaNbIK eKMiHre Hasap aydapy TYimai ekeHiH KepceTtesi [7]. byn
3epTTeynep MaHepsen OKyAbl OKbITyFa OONaTbliH, HITUMKEC enlleHeTiH neaarorMkasblK Kypan
peTiHae Aanenaensi.

Calet, N., Defior, S., »kaHe Gutiérrez-Palma, N. (2017) oky epkiHAiriHe 6afbiTTanfaH
barnapnamanapaa NpPOCOAMAHbI KyMeni eHrisydiH OKy TYCiHiriHe KOCbIMLIa y1ec KOocCaTblHbIH
aHbIKTanab! [8]. MyHAa MaHepaen oKy TiNA4iK aBTOMATTaHAbIPYAbIH Cangapbl faHa emMec, OKy MeH
KOMMYHMKaLUMAHbIH, cCanacbliH apTTbipaTbiH Aepbec pakTop peTiHae KapacTbipbliadbl.

EKiHWI Tin XaHe KOCTiNAi opTada MaHepsen OKyAblH KOMMYHUKATUBTIK pesli epeKklle MaHre
ne. Tong, X., Deacon, S. H., Cain, K., »kaHe Parrila, R. (2014) KocTinai okywbinapaa npocoamnsabIk,
OKY MBOTIHAI TyCiHyAiH ceHiMmAai KepceTKiwi 6ona anatbiHbiH, an WMHTOHAUMA MeH dpasanay
NAFAbINAPbIHbIH, XETKINIKTI AaMbiMaybl KOMMYHUKALUMUSAIbIK TYCIHOEYLINIKKe aKeNneTiHiH KepceTeai
[9]. Byn HaTuKenep maHepaen oKyAbl TiALIK Ky3blPeTTiNiKTiH, faHa emec, KOMMYHMUKaATUBTIK
TMIMAINIKTIH Ae enwemi peTiHae 6aranayfa MyMKiHAK bepea;.

KasaKCcTaHablK NeaarorMkanblk KoHe aicTeMenik 3epTreynepae MaHepaen oky KebiHe
24ebMeTTiK OKy MeH Tin AambITy YAEPICiHIH, Herisri KypamzJachbl peTiHAe KapacTbipblaagbl.
KoaxmeToBa, X. (1982) maHepien oKyabl KEPKeM MaTiHA| Kabblngay MeH XeTKi3ydiH aaictemenik
Herisi peTiHAe cunaTTan, MHTOHAUMA, AAYbIC biPFafbl XaHE Nay3aHblH MITIH Ma3MyHbIH allyaafbl
peniH ankbiHoanabl [10]. Byn eHbeKTe MmaHepnen OKY OKYLWbIHbIH, Cceniey MaAeHMUETIH
KaNbINTaCTbIPyAblH HEri3ri Kypaabl peTiHAe TaHblaabl.

aHapTbinFaH 6inim  MasmyHbl  KafaalblHAa KasakcTaH  PecnybamKacbiHbIH, - OKY
Hafoapnamanapbl MeH aficTeMenik HYCKaybIKTapbliHAa MaHEPAEN OKY OKbINIbIM HITUMKENEPiHiH,
MiHAETTIi KOMMOHEHTI peTiHae OenrineHin, TiAgiK Aafabliapabl KOMMYHWUKATMBTIK MaKcaTTa
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KOonAaHy TananTapbiMeH Tikenen 6bannaHblcTbipblnaabl [11]. Byn HOPpMaTMBTIK YyCTaHbIM MaHepaen
OKYAbIH TiNAIK KoHE KOMMYHWMKATMBTIK Ky3bIPeTTINIKTEPAl KipikTipe KaablNTacTblipydafbl
MHCTUTYLMOHANAbIK MaHbI3bIH KepceTedi.

KOMMYHMKATUBTIK Ky3bIPETTiNiK TEOPUACLIH Ka3ak Tin binimiHae aambiTkaH Orazbayeva, F.
Sh. (2010) Tinajik apekeTTi KaTbiCbIMAbIK TYPFblAaH KapacTbipbin, MaTiHAI Kabblaaay MeH OHbI
aybl3lla »eTKi3y apacbiHAafbl OalMNaHbICTbIH, TYAFabIK Aamydarbl peniH Herizgenai [12]. byn
TYXKbIPbIMAAP MIHEPAEN OKYAbl OKY-TYCiHY-alTy Ti3beriHae KapacTblipbIin, OHbl KOMMYHUKATUBTIK
Toxipubere alHanablpyablH TEOPUALIK Heri3iH KeHelTeai. CoHaali-ak Dauletbekova, Zh. T. (2017)
»oaHe Kokanova, M. B. (2020) eHbeKTepiHAe MaHepaen OKyAblH, OKYLbIAapAblH, aybi3lia cenney
benceHainirin apTTbipyaasbl bIKNaabl KBPCETIANIM, ON TINAIK KY3bIPETTINIKTIH, NPakTUKaNbIK iCKe acy
dopmacsl peTiHae cunatTanagpl [13-14].

Ocblnaniua, xanblKapasnblk 3epTTeysep MIHepaen OKyAbl KOTHUTMBTIK-IMHIBUCTUKANbIK
XoHe enwemaik Typfblaa  (prosody—fluency—comprehension) ganenpece, KasaKCTaHAbIK,
eHOeKTep OHbl TiNAIK M3AEHNET NeH KaTbICbIMAbIK SPEKETTi Ka/biNTacTblpaTblH Neaarornkanbik
Kypan peTiHae xyrenenai. byn eki fblAbIMW apHaHbl CafbICTbipa Tangay MaHep/aen OKyAblH,
OKYLWbINAPAbIH, TiAAIK Ky3blpeTTiikTepiH (aypbic AblObiCTay, WMHTOHAUMAMbIK HOpPMa, MITIH
KYPbIZIbIMbIH  MEHFepy) »KoHe KOMMYHMKATUBTIK Ky3blpeTTilikTepiH (onabl aCcepni MeTKisy,
TbiHA@YLWbIFa GafbITTany, aybl3lla ©3apa apeKeT) BipTyTac Kyheae KanbiNnTacTbipyFa MYMKIHAIIK
bepeTiH MHTerpaTUBTI 34iC eKeHiH KepceTes,.

3epTTey KBAa3M3KCNEPUMEHTTIK AM3aNH Heri3iHAe YMbIMAACTbIPbIIAbI XKaHE MaHepP/Een oKy
apKbIbl OKYLbINAPAbIH KOMMYHUKATUBTIK aHe TIAAIK Ky3blpeTTiNiKTepiH KaabiNTacTblpyabiH,
TUIMAINIMIH  aHbIKTayfa OafbiTTanabl. 3epTTey KypblbIMbl  anZlblH ana »KaHEe KOPbITbIHAbI
OMArHOCTMKA KYPri3ydi, COHAaM-aK OKbITY MHTEPBEHUMACBIH EHri3yai KamTblabl. byn Tacin
neAarorMkablk, bIKNaaablH HOTUXENINITH ANHaMUKabIK TYPFblaa bafanayra MyMKiHAIK 6epai.

3epTTey OapbicbiHAa apanac agicteme (mixed methods) KongaHbiNAbl, AFHWM CaHAbIK,
nepekTep (Tect HaTUKenepi, BannablK KepceTKiTep) cananblk TanaayMeH (MaHepnen OKydblH,
cunaTTamanblk napameTtpaepi, 6akblnay *a3banapbl) TOAbIKTbIPbIAALL. MyHAaM aic TiNAiK KaHe
KOMMYHWUKATUBTIK KY3bIPETTINIKTEPAiH KaAbiNTacyblH KelleHai Typae 6afanayra MyMKiHAIK 6epesi.

3eptTey KaszakcTaH PecnybnuvkacbiHAarbl »Kannbl Oinim H6epeTiH mMekTenTiH, 5-7 cbiHbIN
OKYLLUbITapbl apacblHAa Xyprisingi. [pikteme xannbl caHbl N = 68 OKyLWbIHbI Kypadbl. KaTbiCyLblaap
eKi Tonka beniHai: skcnepnumeHTTiK Ton (n = 34) aHe bakblnay Tobbl (n = 34). TonTap *Kacbl, OKy
YATEPIMI XKaHe TiNAiK AanblHAbIK AeHreli 6OMbIHLLIA CaNbICTbiPMabl TYPAE TEHECTIpINAI.

JKCNePMMEHTTIK TONTa OKY YAepiciHe MaHepaen oKyfa bafblTTanfaH apHalbl aficTeMenik
yMe eHrisince, 6akplnay ToOblHAA 24ebMeTTiK oKy cabakTapbl ASCTYpAi aaicTep HerisiHae
Yprisingi. 3epTreyre KaTbiCyLblNapAbliH aTa-aHanapbiHaH *asballa Kenicim anbiHAapl, an 3epTrey
3TUKabIK HOPManapFra CaMKec YMbIMAACTbIPbIAAbI.

3epTTey matepumansl peTiHae Ka3aK aaebueTi naHi 6oMbIHLWA OKy DafaapnamacbiHa CoMKec
ipikTeNreH Kepkem MaTiHaep (eneHaep, WafblH NPO3asblK LblFApPManap, ANanorTik MaTiHaep)
KoNdaHblnabl. MaTiHAep MasmMyHAbIK KyPAeniniri, »aHpAblK SPTYPAINIr KoHEe MHTOHAUMANBIK
MYMKiHAiIKTepi 6OMbIHLLIA capanaHbin, MaHEepP/Aen OKyfa Konanabl yarinep TaHaanapl.

CoHbIMEH KaTap, OKYLUbIIapAblH MaHepen oKy AafablnapbiH 6afanay ywiH NpocoananbiK,
KepceTkiwTepai (MHToOHaUMs, naysa, I0rMKanbiK eKniH, KapKbiH, SMOLMOHANABIK PEHK) KAMTUTbIH
aHaNMTUKanNbIK HBafanay napakTapbl a3ipaeHai. KOMMYHUKATUBTIK KaHEe TiAAIK Ky3blpeTTinikrepai
enlleyre apHanfaH [AMArHOCTWMKa bIK  Tancblpmanap oKy OafaapnamacbiHbiH - KYTiNeTiH
HaTUKeNepiHe calkecTeHaipinai.

3epTTey 6apbICbiHAA KENeCi FbibIMK dAiCTeP KONAAHbINAbI:

Cabak 6OapbiCblHA@ OKyLIbINAPAbIH, MaHEp/nen OKy opeKeTi, aybi3lia Kayan bepy
benceHainiri, MHTOHAUMANBIK Kypandapabl KOAJaHy epeKkwenikTepi xyheni Typae OaKblnayra
anblHAbl. bakplnay HaTUXKenepi apHaibl bakblnay KectenepiHae Tipkenai.
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OKyWwblnapablH, TiNAIK Ky3bIPeTTiAINiH aHblKTay YWiH MSTiHAI TYCiHY, OpPdO3NUANbIK
HOpManapAbl CakTay MoHe /OorMKanblK eKkniHAi Aypbic Kotofa OarfbiTTanfaH Tancbipmanap
KONZaHbinAbl. KOMMYHMKATMBTIK KY3bIPETTiNIKTI Oaranay VWiH MITiHAI ThiHAAylWbIFa HafbiTTan
METKI3Y, SMOLMANBIK 9Cep eTy XaHe cenney bipi3ainiri KepceTKilTepi eckepingi.

OKkylWwblnapablH, aybli3lia OKybl ayamoxkasbara Tycipinin, KeniHHeH WHTOHauMA, nay3a,
dpaszanay KaHe KapKblH NapameTpaepi boMbiHWa capanTamanbik TandayaaH eTkisingi. byn agic
MaHep/ien OKy/AblH Ti/AIK KoHe KOMMYHMUKATUBTIK KOMMOHEHTTEPIH HAaKTbl alnKbiHAAYFa MYMKIHAiK
6epai.

DKCNePUMEHTTIK TONTa MaHep/ien oKyFfa DarbITTaNfaH apHalbl 9iCTEMENIK XKyle eHri3ina,.
On mopenbaik oKy (teacher modeling), KaliTanama MaHepnen oKy, PenAik OKy, MaTiHAi
MHTOHAUMANBIK Tangay KoHe pedneKkcusanblK TasiKblay 3/MEeMEHTTEPIH KamMTbiabl. Op cabakTa
OKYLWbINApAbIH MHTOHALMANBIK Kypandapabl CaHa bl KONAaHYbIHA epeKlle Ha3ap ayaapblagbl.

3epTTey YL Heri3ri KeseHae Xy3ere acblpblabl:

1. AHbIKTay Ke3eHi — OKylbliapablH 6Hactankbl TiA4IK  KoHE  KOMMYHWKATMBTIK
KY3bIPETTINIKTEPIH ANArHOCTUKaNay.
2. KanbinTacTblpy Ke3eHi — MaHepnen OKyfa HerisgenreH oaA4icTeMenik KyMeHi

SKCMEPUMEHTTIK TOMNTa EHri3y.

3. KopbITbiHAbI Ke3eH — 6acTanKbl *KaHe KOPbITbIHAbI HATUXKENepAi CanbICTbipMasbl Tanaay
apKblabl d4icTeMeHiH TMiMmainiriH 6aranay.

ANbIHFaH CaHAbIK AepeKTep MaTeMaTMKaNbIK-CTaTUCTUKANbIK eHaeyaeH eTKisinai. OpTtawa
MaHAEP, Nalbi3ablK KOPCETKIWTEP XaHe eciM AMHAMMKACbl ecenTeni. DKCNePUMEHTTIK XKaHe
HaKpblnay TONTapbIHbIH HITUXKENEPIH CanbICTbIpy YLLiH Student t-kputepuii KonaaHbinabl. Cananbik
OEepeKkTep Ma3MyHAbIK-TaAaMalblK 3AiIC apKblAbl 6HAEeNIN, MaHepnen OKyAafbl e3repictep
cuvnaTTaMasnblK TypFblaa TanaaHabl.

3epTTey HaTUXKEeNepi MaHepPAen OKyFa HerisaenreH aaicTemenik biIKknandblH OKyLWbIAAPAbIH,
TINAIK XoHE KOMMYHUKATMBTIK KY3bIPETTINIKTEPIHIH, AaMy AMHAMMKACbIHA SCepiH KelleHai Typae
bafanayra MyMKiHAIK Oepai. AnblHFAH AepeKTep 3KCNEePUMMEHTTIK bIKNanablH TeK KekenereH
nafaplnapabl emec, TiNAIK SPEeKeTTiH KYPbIAbIMAbIK KaHe OYHKUMOHANAAbIK KOMMOHEHTTEPIH
KaMTUTbIH TyTac yMere blKkNaa eTKeHiH KepceTeai. 9cipece, MHTOHAUMANBIK YAbiMAacy, oAbl
TbIHAAYLWbIfa BafbITTan XKeTKi3y KaHe comneyaiH MarbliHanbIK 6ipi3ainiri KepceTKilTepiHae anKkbiH
OH e3repictep HanKanabl.

CanbiCcTbipmanbl  Tangay 3SKCNEPUMEHTTIK kaHe DaKblnay TOMnTapbl  apacbiHAAFbI
anbIpMaLLbINbIKTAPAbIH, KaNbINTAaCTbiPy Ke3eHiHeH KeMiH KyleWureHiH KepceTTi. byn maHepnen
OKYAblH, OKYLUbINAPAbIH TiN4IK MaTepuanibl MEHrepy AeHreMimeH KaTap, OHbl KOMMYHUKATMBTIK
afroaaTTa KonJaHy KabineTiH apTTbipaTbiHbiH - Adnengenai. Hatuxkenep neaarormKkanbik,
bIKNANAbIH MAKCATTbl KOHE KYMeni yMbIMAACTbIPbIAYbl KafdalblHAA MIHEpaen OKYAbIH,
Ky3bIpeTTiflikKke barbITTanFaH OKbITyAasbl TMIMAI Kypas eKeHiH alkbiHaanabl (1-cypeT).
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B MoHepJen oKy JeHreil (MHTOHAINS, T1ay3a, KapKbIH, SMOITMOHAIBIK PEHK)
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CypeT 1. baKplay KaHe sKCNepUMEHTTIK ToNTapaafbl TINLIK *KoHE KOMMYHMKATUBTIK
Ky3bIPeTTiNiKTepAiH BacTanKpl *KaHe KOPbITbIHAbI OpTalla KepceTKiwTepi

ANbIHFaH HaTUXKeNep MIHEep/en OKyFfa Heri3genreH OKbITY bIKMaablHbIH, OKYLWbINAPAbIH
TiNAiK *KaHEe KOMMYHMKATUBTIK KY3blPETTINIKTEPIH KaAbINTacTbipyAa *KyNeni *)KaHe Ma3myHabl acep
HepeTiHiH KepceTeai. bacTanKkpl AMarHoCTMKaAa HaKblnay KaHE IKCNEePUMEHTTIK TONTap apacbiHAa
eneyni aMblpMallblNbiIKTapAblH, 60nAMaybl 3epTTeyaiH, ilWKi BaAWATININH KamMTamacbi3  eTin,
KOpbITbIHAbI  Ke3eHae 6GalKanfaH e3repicTepai  eHrisinreH neaarormkanblk — blKNaaMeH
HannaHbICTbIpa TyCiHAIpYre MyMKiHAIK 6epeai. KanbinTacTblpy Ke3eHiHeH KeliH 3KCNepuMEeHTTIK
ToNnTa 6ap/blK KepceTKiwTep 6OoMbIHLLIA KOFapbl HITUMKENEPAIH TipKeNyi MaHepen OKyAblH OKY
yaepiciHaeri peniH GYHKUMOHANAbIK KIHE KOMMYHMKATUBTIK Typfblda KahTa 6aranayabl Tanan
eTeni.

IKCNEePUMEHTTIK TONTa TiAAIK KY3bIPETTiNIK KepCeTKIluTePiHiH alKblH YKaKkcapybl, eH,
anapimeH, opdo3anuAnbIK HOpManapAbl cakTay, J0TMKa/blK EKNiHAi AYPbIC KOK KaHe MITIH
Ma3MyHbIH TyTac Kabblnaay AafablNapblHbIH XKeTiyimeH 6ainaHbICTbl. by HOTUXKE MaHepaen oKy
OapbicbiHAa@ OKylWblNapablH, TiAAiK OipnikTepai MexaHWKanblK TYpPAe eMec, MafblHajblK aHe
MHTOHAUMANBIK KypbiAbIMAA KONZAHyfa YWApPeHyiMeH TycCiHAipineai. MHTOHaumA, nay3a »oHe
dpaszanay anemeHTTepiH caHa bl KOAAAHY MaTiHHIH, CUHTAKCUCTIK KYPbIAbIMbIH AYPbIC Kabblaaayra
bIKNan eTin, TinAiKk maTepuanibl TepeH eHaeyre kafaan »kacanabl. Ocbl TypfblaaH anfaHaa,
MaHep/ien oKy TiAAIK Ky3blPeTTiNiKTiH dopmaibibl KOMMNOHEHTTEPIH QYHKUMOHANAbIK AeHrenre
KeTepeTiH TeTiK peTiHAe KepiHea,.

KOMMYHUKATUBTIK  KY3bIPETTINIK  KOPCETKIWTEPIHIH, 3KCNEePUMEHTTIK TonTa  eaayip
YKOFapblaaybl MaHepaen OKyAblH TbiHAAYLWbIFa OafblTTaNFaH coNey pPeKeTiH KanbiNTacTblpyaAafbl
MaHbI3blH alKbIH KepceTeai. MaHepnen oKy 6apbiCbiHAA OKYLIbINAP TeK MATIHAI OKYLbl CyObEeKT
peTiHAe eMeC, OHbl TbiHAAYLWbIFa XKEeTKi3yLWi KOMMYHUKATOPp peTiHae apekeT eTeai. byn yaepicte
[aybIC bIPFaFblH ©3repTy, SMOUMANbLIK PEHK Depy KaHe oM eKNiHiH MafblHaNbIK BipnikTepre calkec
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KO apKbl/ibl OKYLLbI CoOMneyaiH, NparmaT1Kanblk KblpaapblH MeHrepe bactanapl. HaTuxkeciHae,
MITIHAI Ma3MYHAbIK *KafblHAH FaHa eMec, KOMMYHMKATMBTIK MaKCaT TYPFbICbIHAH Aa KypacTbipy
KabineTi gamuapl, Oy KOMMYHUKATUBTIK KY3bIPETTINIKTIH, HEeri3ri KepceTkiwTepiHiH, 6ipi 60/bIin
Tabblnagbl.

MaHepnen oKy [AeHreniHiH, 3KCNEePUMEHTTIK TOMTa aMKblH Oofapbliaybl TiA4IK KaHE
KOMMYHWKATMBTIK  KY3bIPETTINIKTEP apacbiHAafbl ©3apa OalnaHbIiCTbl  HaKTbl  KepceTeq,.
NHTOHaUMANBIK YibiMaacy, nay3anapdbl MafblHaAblK KYPblIbIMFa Call KONJaHy KaHe ceiney
KapKbIHbIH peTTey AafablAapbliHblH, AaMybl OKYLIbINAPAbiH MITiHAI TYCiHYiMEH KaTap, OHbl
aapecaTka bHarbITTan KeTKi3y canacbiH apTTbipdbl. byn Kybbliblc MaHepaen OKydblH TeK OKy
TEXHMKACbIH KETINAIpy Kypanbl emec, aybi3lia celney MIAEHMETIH KabiNTacTblpaTbiH
MHTErpaTMBTI SPEKET eKeHiH Aanenaenai. bakbinay ToObiHAA KePCETKILITEPAiH WeKTeyNi AeHrenae
CaKTanybl O2CTYPAI  OKbITY KafdaWbiHAa MyHZaM JafablnapdblH,  ©34irHeH  KapKblHAbI
[AaMbIMaNTbIHbIH KepceTei.

ANblHFAH gepeKTepai TeEOPUANbIK TYPFblaa TYCIHAIPY MaHepaen OKyablH KOTHUTUBTIK KaHe
KaTbICbIMAbIK MexaHn3maepiH BipikTipeTiHiH KepceTeni. bip *KafblHaH, MaHepaen oKy AekoATay
YAEPICIHIH aBTOMATTaHyblHA *KaHE CUHTAKCUCTIK KYPbIIbIMAbl AYPbIC TaHYFa blKNan eTce, eKiHLWi
)KafblHAH, ON cenneyaiH KOMMYHMKATMBTIK MaKCaTblH Ky3ere acblpyfa OafblTTanfaH
nparmaTuKanblK Aafablnapabl KanbintacTbipaabl. Ocbl €Ki 6afbiTTbIH TOFbICYbI OKYLLUbINAPAbIH TiNAIK
6iniMmiH  KongaHbanbl AeHrenre Kewipyre MYMKIHAIK 6epeai. COHAbIKTAH MaHepaen oKy
KY3bIPEeTTifliKKe bafaap/iaHfaH OKbITY KyMeciHae TiNAIK sKaHe KOMMYHUKATUBTIK HaTukenepai bip
Me3ringe KamTamMachI3 eTeTIH TUIMAI NeaarornmKkanbliK Kypan peTiHae KapacTblpblybl THIC.

annbl anfaHaa, 3epTTey HaTMXKenepi MaHepnen OKydbl KyWeni, MaKcaTTbl KaHe
dAiCTEMENIK TYPFblaa HerisaenreH Typae KondaHy OKylblAapAabiH, TIAAIK XoHE KOMMYHUKATUBTIK
KY3bIPETTIMIKTEePIH KaAbINTacTblpyda Kofapbl TUIMAIMIKKE KOM MKETKi3yre MYMKIHAIK OepeTiHiH
KepceTeai. byn TyKbipbiIMAap MaHepaen OKyAblH, OKy OafaapnamanapbiHAasbl OpPHbIH KalTa
KapacTbipy/Zlbl K9HE OHbl OKYyLIblAAPAbIH, KaTbICbIMAbIK TaxipmnbeciH 6albiTaTbiH  KeTeKLui
9JicTeMeNliKk KOMNOHEHTTEPAiH, Bipi peTiHAe eHri3yaiH, FolbIMU HETi3iH KylenTea,.

3epTTey  HITWXKENepiHiH,  CTAaTUCTUKAAbIK ~ MaHbI34blAblFblH  aHbIKTAy  MaKcaTbliHAA
IKCMNEPUMEHTTIK KaHe 0aKblnay TOMNTapbiHbIH, HacTanKbl XoHe KOopPbITbiHAbI AMArHOCTMKA
HaTUXKenepi Tayencis ipiktemenepre apHanfaH Student t-kpuUTepuiti KemerimeH CanbICTbIPbIAAbI.
Byn apic eki Tayencis Ton apacbiHAarbl opTalla MaHAEPAiH aiblPMaLLbIAbIFbIHbIH, KE3AEMCOK emec
EKeHiH aHblKTayfa MyMKIHAIK bepeai »kaHe neaarormkanblk 3epTreynepae KeHiHeH KoidaHblnaapl.

Tayencis ipiktemenepre apHanfaH Student t-kputepuiidii dopmynacsl:

M; — M,
t = ——
st 3
ng n;

MYHZAAfbl:
o M;—3KCNEepPUMEHTTIK TONTbIH OpTalla MaHi;
e M,— 6aKblnay TONTbIH OpTalla MaHi;
e S%, 52— callkeciHLIe SKCNEPUMEHTTIK aHe BaKblaay TONTapbiHbIH AYcnepcuanapsl;
e 1Ny, Ny,— TONTApPAaFbl PECNOHAEHTTEP CaHbI.

3epTTeyae ap TonTasbl HiNiM anywblnap caHbl bipaen 6onabl:

n, = 34,n, = 34
DKCNEePMMEHTTIK TONTbIH, OpTalla KepceTKili:
M, =78.1

Bakblnay TONTbIH OpTalla KepceTkilli:
M, = 60.2
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CTaHA@pTTbl aybITKyAap (3MNUPUKabIK AepekTep HolbiHWa):
s, =58,5,=7.0

dopmynara KOAMBbI3:

78.1 — 60.2

5.82  7.02

\/33.64 N 49.00
34 34
17.9

AnbiHFaH t MaHi (t = 11.47) epkiHaik aspexeci df = 66)KafaanibiHAA KPUTUKANbIK
MaHHeH (tqrir = 1.99, p < 0.05) enayip Kofapbl, ByN IKCNEPUMEHTTIK KaHe BaKbliay TonTapsl
apacblHAafbl aliblPMaLLbINbIKTbIH CTATUCTUKANbIK TYPFblAa MaHA EKEHIH KepceTeai.

SKCNepuMEeHTTIK Ton:

M, =749,s; = 6.1

bakblnay Ton:
MZ = 62.3,52 =6.9

dopmyna:
749 — 62.3

612 692
37+ 37
12.6

J37.21 N 47.61
34 34
12.6

v1.09 +1.40
12.6

t =

NH

o~
O

1

N

.6

=
Ul
o]

t=797

AnblHFaH HITUXKe Ae CTAaTUCTUKANbIK TYPFblaa MaHAI 6onbin Tabbinagp! (p < 0.05).

Rypri3inreH CTaTUCTUKANbIK Tanday KCNEPUMMEHTTIK TONTa MaHep/en OKyfa Herizgenrex
OKbITY HITMMKECIHAE TiNAIK »KOHE KOMMYHWUKATUBTIK KyY3bIpETTiNiKTepaiH, AeHreini 6akplnay
TOObIMEH CanbICTbipFaHAa CTAaTUCTMKAAbIK TYpPFblAa CEHIMAI »KOfapbl eKeHiH KepceTTi. byn
M3Hepaen OKyAblH OKyLWbIAapAblH, KaTbICbIMABIK *KoHe TiNAIK AaMyblHa bIKMaa eTeTiH TUiMA
nefarornkanblK Kypan ekeHiH caHAbIK AepeKkTepmeH aanennens,.

RyprizinreH 3epTrey maHepnen OKydblH OKYLWbINAPAbIH TiN4IK XoHEe KOMMYHWUKATMBTIK
KY3bIPETTINIIKTEPIH KanbiNTacTblpyAarbl NeAarornkanblK a/eyeTiH KeweHai Typae anKbiHaayfa
MYMKiHAIK Oepai. Teopusanblk Tangay MeH 3MMOUPUKaNbIK AepeKkTepni e3apa cabaKracTbipa
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KapacTblpy MaHep/aen OKY/AblH, OKY 9PeKeTiHiH, TeK TEXHWKAIbIK KOMMOHEHTI emec, TiNAiK binimai
KOMMYHWKATUBTIK TaxKipubere aHanablpaTblH MHTErPaTUBTI MeXaHWU3M eKeHiH aanenaeni. byn
TYPFbla MaHepaen oky TiNAIK HOpManapabl MEHrepy MeH Ceiey apeKeTiHiH nparmaTuKablk,
Kblp/1apblH DipiKTipeTiH ambeban negarorMkanblk Kypan peTiHae cunatTanagbl.

3epTTey bapbiCbiHA@ anblHFAH HITUXKENEP MIHEP/IEN OKyFa HEri3genreH MakcaTTbl KaHe
KYMeni OKbITy KafdalblHAa OKyLbINAPAbIH - TiNAIK  KYpblAbIMAbl  TYCiHYi, WMHTOHAUMANbIK
YMbIMAACYbI aHe 0Mbl ThiHAAYLLbIFA DafbITTan XeTKi3y KabifeTiHiH canablK TYPFblAa ©3repeTiHiH
KepceTTi. byn e3repictep TiNAIK Ky3bIPeTTiNIKTIH, Popmanbabl AeHrenaeH GyHKUMOHANAbIK,
OeHrenre oTyiMEH »KoHE KOMMYHMKATUBTIK Ky3bIPETTINIKTIH, SPEKeTTIK cunaT  anybiMeH
TyCiHAipineni. MaHepnen oKy VAepiciHAe OKylbl MITiHAI Kabblnaaylbl faHa emec, OHbl
MafblHa/IbIK, IHE IMOLMANBIK TYPFblAa KalTa KypacTblpbil, KOMMYHWKATMBTIK xabap peTiHae
YCbIHYLLbl CYObEKTKE aHanaabl.

3epTTey HaTUXKenepi MaHepaen OKyAblH TiAAIK oHEe KOMMYHMKATUBTIK Ky3blpeTTinikTep
apacblHAafbl ©3apa HannaHbICTbl KYLIENTETIHIH alKkbiH KepceTedi. MHTOHaumMA, naysa, SIormKablK
EKMiH XaHe comey KapKblHbl CUAKTbI MPOCOAMANbIK KYPanaapAbl CaHa bl KONAaHY OKYLLbLAAPAbIH,
M3TiH Ma3MyHbIH TEPEH, TYCiHYiHe faHa eMeC, OHbl aybl3lla KapblM-KaTblHAC KafaalbiHAa TMIMA)
eTKi3yiHe MyMKIHAIK bepeai. By maHepaen oKyablH OKY epPKiHAIM, MITiHAI TYCiHY XaHe ceiney
MaeHMeTI apacblHAaFbl ASHEKEPAIK POIH HAaKTblNaNabI.

3epTTeyaiH CTaTUCTMKA/bIK Tandaybl afiblHFaH alblpMallblbIKTapAblH, Ke3AeMCoK, emec
eKeHiH Aanenaen, eHrisinreH aficTeMenik KyMeHiH, TUIMAINIrIH caHabIK TYPFblaa Herisgeai. byn
MIHepANen OKyAblH OKyWbINapAblH TiNAIK KOHE KOMMYHWKATUBTIK JaMyblHa bIKMaa eTeTiH
negarorMkanblK Kypan peTiHaeri fblAblMM  HEri3iH  KylenTeni »KaHe OHblH, Ky3blIpeTTiNikKke
HafaapnaHfaH OKbITY XKyMeciHAeri OpHbIH anKbIHAANAbI.

annbl anfaHpa, 3epTTey HaTUKenepi MaHepnen oOKyabl OKy OafaapnamanapbiHAA
MaKCaTTbl TypAe *KOocnapAaay, OHbl TiNAIK AafAblnapdbl faHa emec, KOMMYHWKATUBTIK apeKeTTi
Ka/1bINTACTbIPYAbIH *KETEKLII SA4iCTEMENIK KOMMNOHEHTI PETIHAE KapacTbipy KaKeTTiriH kepceTeai.
MaHepnen oKyabl *Kyheni KonaaHy OKyLblAapAblH TiAAIK TyAfa peTiHAE KaabiNTacybiHa, aybi3lia
conney MaEHMETIHIH, AaMyblHa KaHE a/IeyMeTTiK-KOMMYHUKATUBTIK benimaenyiHe »karfgam
Kacanabl.

3epTTey KOpbITbIHAbIIAPbI MIHEpAEn OKyAbl Ky3blpeTTifikke 6afgapnaHfaH binim bepy
KOHTEKCIHAEe OfaH api a4icTeMenik XKeTingipyre, apTypi *ac KeseHaepi MeH NaHAIK cananapaa
KONZaHy MYMKIHAIKTEPIH KeHenTyre bafblTTanFaH KeniHri fblIbIMK i3AeHicTepre Heriz 6os1a anaapl.
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Abstract

The rapid integration of artificial intelligence (Al) into modern education has created new
methodological opportunities for foreign language teaching, particularly in primary school. This
article examines the pedagogical potential of Al-assisted tools in developing English vocabulary
among learners aged 7-11. The research explores theoretical foundations of lexical acquisition,
analyzes interactive and adaptive Al technologies, and evaluates their impact on vocabulary
retention, learner motivation, pronunciation accuracy, and communicative competence. Based on
classroom observations and experimental data, the study demonstrates that Al-supported
vocabulary instruction enhances lexical development through personalization, gamification,
immediate feedback, and meaningful communicative practice. The findings confirm the
effectiveness of Al as a methodological resource for improving vocabulary teaching at the primary
level.

Keywords: Artificial intelligence, vocabulary development, primary school, English language
teaching, EFL, communicative competence, digital pedagogy.

Introduction

The global digital transformation of education has significantly influenced foreign language
teaching methodologies. Contemporary primary school learners grow up in a technologically
advanced environment and demonstrate strong responsiveness to interactive, visual, and game-
based learning formats. As a result, traditional vocabulary teaching approaches based on
repetition and memorization increasingly fail to maintain sustained motivation and provide
effective differentiation for learners with diverse cognitive abilities and learning styles.
Vocabulary plays a central role in foreign language acquisition, serving as the foundation for
communication, reading comprehension, listening skills, and language production. According to
Lewis (1993), lexical competence represents the core organizing principle of language proficiency.
Without adequate vocabulary knowledge, learners experience difficulties in expressing ideas,
understanding spoken language, and participating in communicative interaction. Therefore,
improving vocabulary instruction at the primary stage is essential for ensuring successful long-
term language development.

Artificial Intelligence (Al) offers innovative pedagogical solutions that support adaptive learning,
automated assessment, personalized practice, and interactive feedback. Al-powered educational
tools analyze learners’ progress, adjust task difficulty, provide instant correction, and create
engaging digital learning environments. These features make Al a promising resource for
enhancing vocabulary acquisition among young learners.

This study aims to examine the methodological effectiveness of Al-assisted vocabulary
development in primary school English lessons and to evaluate its impact on learners’ lexical

competence, motivation, and communicative engagement.
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Literature Review
Recent research in foreign language pedagogy highlights the growing significance of digital
technologies and Al-based systems in language education. Kunanbayeva (2010) emphasizes that
intelligent educational technologies facilitate learner-centered instruction by enabling
individualized learning trajectories and supporting cognitive autonomy. Similarly, Richards and
Rodgers (2014) argue that modern language teaching should focus on communicative
competence supported by interactive digital environments.
Studies on vocabulary learning indicate that primary school learners benefit from multisensory
input, contextualized lexical practice, repetition, and emotional engagement. Galskova and Gez
(2006) note that vocabulary retention improves when lexical items are introduced within
meaningful communicative contexts rather than as isolated word lists. Al-based platforms, such
as adaptive flashcards, intelligent tutoring systems, and interactive storytelling applications,
provide repeated exposure to vocabulary while embedding words in authentic situational
contexts.
Motivation plays a critical role in successful vocabulary acquisition. Krashen’s (1982) affective filter
hypothesis suggests that reduced anxiety and increased emotional involvement facilitate more
effective language learning. Al tools contribute to lowering anxiety by offering non-threatening
environments where learners can practice pronunciation, revise vocabulary, and receive feedback
without fear of public error.
However, researchers caution that the effectiveness of Al integration depends on pedagogical
design. Beatty (2013) stresses that technology should complement communicative instruction
rather than replace meaningful teacher-guided interaction. Therefore, further empirical research
is needed to evaluate the role of Al-assisted vocabulary learning in real classroom contexts,
particularly at the primary school level.
Methods
This study employed a mixed qualitative and quantitative research design combining theoretical
analysis, classroom observation, and experimental teaching intervention. The participants
included 58 primary school students (grades 3—4) from a Kazakhstani general education school.
The learners were divided into two groups:

e Experimental group (29 students) — used Al-assisted vocabulary tools

e Control group (29 students) — followed traditional textbook-based vocabulary instruction
The research was conducted over 10 weeks and consisted of the following stages:

1. Pre-test measuring vocabulary knowledge and pronunciation accuracy

2. Implementation of Al-based vocabulary learning tools

3. Weekly interactive lexical practice sessions

4. Post-test and motivation questionnaire

5. Comparative statistical analysis of learning outcomes
The experimental group used Al-supported tools including Quizlet, Duolingo, speech recognition
apps, Al chatbots, and adaptive vocabulary platforms. Assessment instruments included
vocabulary quizzes, oral production tasks, learner motivation surveys, and teacher observation
checklists.
Results
The findings reveal a significant positive impact of Al-assisted vocabulary instruction on learners’
lexical development, motivation, and communicative engagement.
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Table 1. Vocabulary Performance Before and After Intervention

Group Pre-test (%) Post-test (%) Improvement
Experimental 62% 84% +22%
Control 64% 71% +7%

Students in the experimental group demonstrated stronger lexical retention, faster word recall,
and higher accuracy in word usage.

Table 2. Motivation Levels

Group Initial Motivation Final Motivation Growth
Experimental 3.2 4.5 +41%
Control 33 3.6 +9%

Learners using Al tools reported higher interest, enjoyment, and willingness to participate in
vocabulary activities.

Table 3. Pronunciation Accuracy

Group Pre-test (%) Post-test (%) Improvement
Experimental 66% 88% +22%
Control 68% 75% +7%

Speech recognition tools enabled learners to self-correct pronunciation and develop phonological
awareness.

Table 4. Al Tools and Their Pedagogical Function

Tool / Platform Function Learning Outcome
Quizlet / Duolingo Vocabulary repetition Lexical retention
Al Chatbots Conversational vocabulary Speaking confidence

Speech Recognition Apps Pronunciation feedback  Fluency
Gamified Platforms Game-based repetition ~ Motivation
Adaptive Al Systems Personalized tasks Individual progress

Teachers observed increased participation, improved learner autonomy, reduced classroom
anxiety, and stronger communicative confidence among students in the experimental group.

Discussion

The findings confirm that Al-assisted vocabulary instruction significantly enhances lexical
acquisition in primary school learners. Al technologies support individualized learning pathways,
enabling learners to practice vocabulary at their own pace while receiving immediate feedback.
Interactive and gamified learning formats contribute to increased motivation and sustained
engagement, consistent with Krashen’s affective learning theory.

Furthermore, Al tools promote communicative competence by embedding vocabulary in
meaningful contexts. Al chatbots and interactive storytelling applications simulate real-life
communication scenarios, encouraging learners to use newly acquired words in authentic
interaction. Automated feedback enhances pronunciation accuracy, strengthens lexical
confidence, and supports metacognitive awareness.

At the same time, effective implementation requires careful pedagogical planning. Teachers must
ensure that Al tools complement communicative instruction rather than replace interpersonal
classroom interaction. Methodologically sound integration involves aligning Al-based tasks with

curricular goals and age-appropriate learning objectives.
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Conclusion

Al-assisted vocabulary development represents a highly effective approach to primary school
English instruction. The integration of intelligent technologies enhances lexical retention,
pronunciation accuracy, learner motivation, autonomy, and communicative competence. Al-
supported learning environments foster interactive, student-centered, and communicatively rich
classrooms.

The study confirms that Al can serve as a powerful methodological resource for improving
vocabulary teaching outcomes in primary education. Future research may explore long-term
effects of Al-supported lexical instruction and expand its application across different educational
contexts and age groups.
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Abstract

This study examines the impact of domestic violence on children in Kazakhstan, focusing
on emotional, social, academic, and physical effects. A survey of 31 participants (students,
teachers, and pupils) found that domestic violence is widely recognized as a national issue. Key
effects include poor peer relationships, lower academic performance, fatigue, and long-term
mental health struggles. The findings highlight the need for improved psychological support,
stronger child protection systems, and more resources for affected children.

Keywords: domestic violence, child development, Kazakhstan, academic performance, mental
health

Introduction

Domestic violence against children is a serious social and psychological problem that affects
families across Kazakhstan. It involves physical, emotional, or psychological harm inflicted within
the home and can leave lasting effects on children’s well-being. Research shows that exposure to
domestic violence influences children’s emotional stability, academic success, physical health, and
ability to form healthy social relationships. In Kazakhstan, however, the issue is often hidden due
to cultural stigma, limited awareness, and fear of reporting. Understanding the consequences of
domestic violence is essential for improving child protection in the country. The purpose of this
study is to explore how domestic violence impacts children’s development from the perspective
of individuals who interact with them, such as students, teachers, and pupils. The main research
guestion guiding this study is: What are the key emotional, social, academic, and physical effects
of domestic violence on children in Kazakhstan? The hypothesis suggests that children exposed to
domestic violence experience significant negative outcomes across multiple areas of
development. This study aims to provide insights that can help strengthen support systems, raise
awareness, and inform future interventions.

Literature Review

Numerous studies have demonstrated that experiencing child abuse can lead to a range of
internalizing and externalizing behavior problems. For example, research has shown that abused
children can exhibit a variety of psychological problems, including anxiety and depression (MclLeer,
Callaghan, Henry, & Wallen, 1994; Mcleer et al., 1998). The effects of being abused persist into
adolescence; teens who were abused as children are more likely to experience depression and
other internalizing problems (Fergusson, Horwood, & Lynskey, 1996; Widom, 2000; Wolfe, 1999;
Wolfe, Scott, Wekerle, & Pittman, 2001).
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Support is mixed with respect to gender differences in effects of witnessing domestic
violence, being the direct victim of abuse, or both. Kitzmann, Gaylord, Holt, and Kenny (2003)
conducted a meta-analysis using 118 studies of psychosocial outcomes related to domestic
violence exposure. The authors found comparable effect sizes for boys and girls, and no evidence
of gender-by-outcome interactions. Wolfe et al. (2003) also conducted a meta-analysis using 41
studies on effects of exposure to domestic violence and came to similar conclusions. However,
other studies have found that gender moderates the effects of violence exposure. For example,
Evans et al. (2008) reported that effect sizes of externalizing behavior problems were significantly
higher for boys exposed to domestic violence than for girls also exposed. Other studies have
shown boys to be at higher risk of externalizing problems in adolescence after being abused in
childhood (Graham-Bermann & Hughes, 2003; Widom, 1998).

Another study, however, found that girls exposed to domestic violence were at higher risk
than boys for both externalizing and internalizing behaviors, including depression (Sternberg et
al., 1993). Heyman and Slep (2002) investigated both fathers and mothers and found an
association between childhood exposure to violence and later abuse of their children. For
mothers, only exposure to multiple forms of violence during childhood was associated with an
increased risk of abuse toward their children.

In relation to the physical impact of domestic violence Calder and Regan (2008) state effects
include, but are not limited to, injury, eating problems, and stress-related conditions such as
asthma and bronchitis. Emotional effects, they note, are manifested in disruption to schooling
including non-attendance, attention and concentration difficulties, sleep disturbance, withdrawal,
insecurity, guilt, depression and low self-esteem. Behaviorally, the impact might be changes in
conduct, unpredictable behavior, aggression, anger, and hyperactivity. Being the perpetrator or
victim of bullying can also ensue (Children’s Commissioner, 2018). Some children facing trauma at
home display hypervigilance and hyperarousal at school, constantly watchful and fearful of danger
(Sterne and Poole, 2010). Domestic violence can negatively affect cognitive skills, language
development and educational attainment.

Methods

To explore how domestic violence affects children in Kazakhstan, the researchers used a
mixed-method approach. This approach allowed the study to combine numerical data from
structured questions with more detailed insights from open-ended responses. A survey was used
as the primary tool to gather participants’ opinions on emotional, social, academic, and physical
outcomes experienced by children exposed to domestic violence.

Design: The study followed an exploratory design, as the topic especially within the
Kazakhstani context has not been widely investigated through public perceptions. The design
helped the researchers identify patterns and commonly observed effects without relying on pre-
existing models or assumptions.

Participants and Setting: A total of 31 respondents took part in the study. The group included
students, school pupils, and a small number of teachers. Participants were selected through
random distribution of the questionnaire across educational settings, giving each individual an
equal chance of participation. All responses were collected online to ensure comfort and
anonymity.

Instrumentation: A questionnaire was used as the main data collection tool. It included
multiple-choice items, 1-5 scale questions, and open-ended prompts to gather information about
the emotional, social, academic, and physical effects of domestic violence on children. This
structure allowed the researchers to collect both measurable responses and brief explanations
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from participants.

Data Analysis: A mixed-method analysis was applied. Quantitative data from the closed
guestions were examined using basic statistics such as frequencies and percentages. Qualitative
data from open-ended responses were reviewed thematically to identify common patterns and
repeated ideas. Combining both types of analysis helped provide a clearer understanding of the
effects reported by participants.

Limitations

The main limitation of the study was the small number of participants. The sample size of
31 respondents was not sufficiently large to generalize the findings to the wider Kazakhstani
population. This limitation is directly related to difficulties in collecting data. Therefore, the overall
validity and scale of the study may be limited, suggesting the need for future research involving a
larger and more diverse sample.
Results

In order to show the relevance of domestic violence on children in Kazakhstan, a questionnaire
was conducted among 31 respondents, including students, pupils, and teachers. Based on the
demographic data, 83.9% of respondents were students, 12.9% were pupils, and only 3.2% were
teachers, indicating that the results largely reflect students’ perspectives.

The first question in the questionnaire was “How common is domestic violence in Kazakhstan?”
The results showed that 41.9% believed it is “quite common,” 22.6% thought it is “very common,”
32.3% considered it “rare,” and only 3.2% said it is “very rare.” This suggests that most participants
perceive domestic violence as a significant social problem.

When asked whether schools provide enough psychological support for children affected by
domestic violence, 45.2% answered “Yes,” 25.8% said “No,” and 29% were unsure. These results
indicate that while many trust schools to help, there is still uncertainty about the availability and
visibility of psychological support.

Participants rated their agreement with the statement, “Domestic violence has long-term
negative effects on children’s development,” on a scale from 1 (strongly disagree) to 5 (strongly
agree). Most responses fell in the middle to higher levels: 14 respondents selected 3, 10 selected
4, 5 selected 2, and 2 selected 5. This shows that most participants recognize the harmful impact
of domestic violence on children’s development.

Respondents evaluated how likely a child from a violent household is to repeat violent
behavior as an adult. Results showed that 48.4% selected scale 4, 25.8% chose scale 3, 12.9% scale
2,9.7% scale 5, and 3.2% scale 1. These results indicate that participants largely believe childhood
exposure to violence increases the likelihood of violent behavior in adulthood.

Participants were asked which steps Kazakhstan should take to reduce the impact of
domestic violence on children. According to the data, 29% chose providing more support services,
25.9% prioritized educational programs in schools, 25.8% selected stricter laws and punishments,
and 19.4% chose public awareness campaigns. This suggests that practical support services are
perceived as the most immediate need.

Respondents emphasize the importance of practical support services, educational programs,
and strengthened legal measures as essential interventions.
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Question

Main Findings

1. Who were the respondents?

Students — 83.9%; Pupils — 12.9%; Teachers —
3.2%

2. How common is domestic violence in

Kazakhstan?

Quite common - 41.9%; Very common —
22.6%; Rare —32.3%; Very rare —3.2%

3. Do schools provide enough psychological
support for affected children?

Yes —45.2%; No — 25.8%; Not sure — 29%

4. Long-term effects of domestic violence on
children (1-5 scale)

Scale 1 — O responses; Scale 2 — 5 responses;
Scale 3 — 14 responses; Scale 4 — 10 responses;
Scale 5 — 2 responses

5. Likelihood that a child from a violent
household will repeat violent behavior (1-5
scale)

Scale 1 — 3.2%; Scale 2 — 12.9%; Scale 3 —
25.8%; Scale 4 — 48.4%; Scale 5—-9.7%

6. What steps should Kazakhstan take to
reduce the impact of domestic violence on

More support services — 29%; Educational
programs in schools —25.9%,; Stricter laws and

children? punishments 25.8%; Public awareness

campaigns — 19.4%

Discussion

This study set out to identify the main effects of domestic violence on children’s emotional,
social, academic, and physical development, and the findings show that this aim was successfully
achieved. The analysis revealed clear patterns across all four areas: respondents recognized long-
term emotional stress, difficulties with peer relationships, academic decline, and noticeable
physical symptoms such as fatigue. By gathering these perceptions, the study addressed the initial
problem of the lack of local data describing how domestic violence is understood and observed
within the Kazakhstani context. The results help fill this gap by showing how community members,
especially those in educational settings interpret the impact of violence on children’s well-being.
Based on the findings, further research could benefit from focusing on children’s own experiences
rather than only adult observations, as well as exploring which types of school-based or
community interventions are most effective in reducing these negative outcomes. Larger samples
and interviews with psychologists, teachers, or social workers could also provide a deeper
understanding of long-term consequences and support needs.

Conclusion

The study demonstrates that augmented reality technologies are an effective tool for
developing oral communication skills in Grade 8 students. Their integration into foreign language
instruction enhances motivation, fluency, pronunciation, and communicative confidence.
Augmented reality transforms the classroom into an interactive, student-centered environment
that supports authentic communication and meaningful language use. Therefore, AR should be
considered a valuable component of modern foreign language pedagogy.
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Abstract

This review article examines the theoretical and methodological foundations of using
demonstration experiments in teaching the “Mechanical and Electromagnetic Oscillations” section
of school physics. Based on an analysis of domestic and international scientific studies, the role of
visual experiments in enhancing students’ cognitive activity, developing conceptual understanding
of physical phenomena, and increasing learning motivation is identified. Recent pedagogical
research highlights the effectiveness of demonstration experiments in activating the learning
process, ensuring compliance with didactic requirements, and improving educational outcomes.
The results of the review confirm the relevance of developing a structured set of demonstration
experiments for teaching mechanical and electromagnetic oscillations in secondary school physics.

Keywords: mechanical oscillations, electromagnetic oscillations, demonstration
experiments, physics teaching methodology, visualization, secondary school.

1. Introduction

In the modern education system, integrating theoretical knowledge with practical
experience is one of the key requirements in teaching physics. The “Mechanical and
Electromagnetic Oscillations” section of school physics is particularly challenging for students due
to its abstract concepts, mathematical relationships, and dynamic processes. As a result, students
often experience difficulties in understanding oscillatory phenomena through formulas alone.
Numerous pedagogical studies indicate that the use of demonstration experiments significantly
enhances students’ understanding of oscillatory motion. Demonstrating oscillatory processes
allows learners to visually observe amplitude, period, frequency, and phase, as well as to identify
similarities and differences between mechanical and electromagnetic oscillations. Such an
approach contributes to the development of physical thinking and conceptual reasoning.
The purpose of this review article is to analyze domestic and international scientific literature on
the use of demonstration experiments in teaching the “Mechanical and Electromagnetic
Oscillations” section of school physics, identify key research trends, and substantiate the
methodological relevance of this topic.
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2. Main Section

2.1. The Role of Demonstration Experiments in Teaching Mechanical Oscillations
Research on teaching mechanical oscillations focuses primarily on pendulums, spring—mass
systems, and resonance phenomena. Studies by Orekhov V.A. (2018) and Vlasova T.A. (2019)
emphasize the effectiveness of demonstration experiments in explaining mechanical oscillations.
The authors demonstrate that experiments involving mathematical pendulums, spring oscillators,
and resonance significantly improve students’ comprehension of the topic.
These studies highlight that visual experiments enhance students’ observational skills, comparative
analysis, and ability to draw conclusions. Moreover, analyzing experimental results using graphs
helps students better understand the fundamental laws governing oscillatory motion.

2.2. Experimental Approaches to Teaching Electromagnetic Oscillations
The topic of electromagnetic oscillations in the school physics curriculum is closely related to LC
circuits, alternating current, and electromagnetic waves. In his work, Isaev S.M. (2021) analyzes
the didactic potential of demonstration experiments used in teaching electromagnetic oscillations.
The author shows that experiments illustrating electromagnetic induction, charge variation in
capacitors, and energy exchange in oscillatory circuits contribute to students’ understanding of
abstract physical concepts.
The comparative demonstration of mechanical and electromagnetic oscillations is particularly
effective. This methodological approach enables students to identify common physical principles
across different systems, fostering a deeper conceptual understanding.

2.3. Pedagogical Requirements for Demonstration Experiments
Abilkasymova A.E. (2020) systematizes the pedagogical and didactic requirements for organizing
demonstration experiments. According to the author, experiments must be safe, simple, visually
clear, and aligned with educational objectives.
Demonstration experiments should not only serve as illustrative tools but also function as
methodological instruments that enhance students’ cognitive engagement. Therefore,
systematizing experiments related to mechanical and electromagnetic oscillations and integrating
them effectively into lesson structures is of great importance.
3. Discussion

The analysis of the reviewed literature confirms the significant role of demonstration
experiments in teaching the “Mechanical and Electromagnetic Oscillations” section of school
physics. Numerous studies show that experiments increase students’ interest in physics and
promote meaningful understanding of physical laws.
However, the literature review also reveals that demonstration experiments for mechanical and
electromagnetic oscillations are often considered separately. The lack of a unified methodological
approach that highlights their interconnection indicates the need for comprehensive research in
this area. Developing a systematic set of demonstration experiments that integrates both types of
oscillations remains an important methodological challenge.

Research Methods
Quantitative Research Methods

Questionnaire/Survey
Collecting quantitative data on students’ perception of experiments and their level of
understanding of oscillations.

Analysis of Test and Control Work Results
Comparing initial and final indicators to determine the effectiveness of the new methodology.

Statistical Methods
Mean values, percentage indicators, dynamic graphs, and variation analysis.

Experimental Measurements
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Recording oscillation parameters such as amplitude, frequency, and period in precise numerical
form.
Qualitative Research Methods
Observation
Monitoring students’ interest in and participation during demonstration experiments.
Interview
Collecting opinions from students and teachers to obtain qualitative information on the
effectiveness of the experiments.
Document Analysis
Analyzing curricula, methodological guides, and scientific literature to establish the theoretical
basis.
Pedagogical Experiment (Effectiveness Testing)
Applying the author’s set of experiments in lessons and qualitatively evaluating lesson
effectiveness.
Summary of the Survey
Quantitative Methods — precise measurement, comparison, statistical evidence.
Qualitative Methods — interpretation, observation, in-depth analysis.
Combining both methods increases the reliability of the research results.

THE ROLE OF DEMONSTRATION EXPERIMENTS IN TEACHING MECHANICAL AND
ELECTROMAGNETIC OSCILLATIONS
Students’ opinions:
Student 1: “l immediately understood how the oscillation occurs when it was demonstrated
experimentally.”
Student 2: “Instead of just memorizing the formula, | saw where it comes from through the
experiment.”
Student 3: “I clearly noticed the difference between mechanical and electromagnetic
oscillations.”
Student 4: “Explaining complex theories with demonstrations was very effective.”
Student 5: “After the experiment, solving problems became easier.”
Interpretation and approbation:

1. The survey results showed that demonstration experiments enhance understanding
through visualization.

2. Interview data fully correspond to the quantitative results: students highlighted that they
learned oscillations better through visual experiments.

3. General conclusion: demonstration experiments facilitate teaching mechanical and
electromagnetic oscillations, reduce main difficulties, and increase the effectiveness of the
learning process.

Surveyresults(n=29students,2teachers):
Bar chart as in original slide.
Interpretation and Approbation

1. Survey Results
According to students, demonstration experiments enhance visualization and improve
the understanding of oscillations.

2. Interview Data
The interview findings are fully consistent with the quantitative results: students noted
that they better grasp oscillations through visual experiments.
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3. Overall Conclusion

Demonstration experiments help overcome the main difficulties in teaching mechanical
and electromagnetic oscillations and increase the effectiveness of the learning process.
Approbation Results (Joint Display)

The survey and interview results are presented in a joint display format. Charts illustrate the
guantitative data, while texts integrate the qualitative data.

Level of Interest in Physics

Effectiveness of Demonstration Experiments

Effective

No effect

Slight effect

Survey Results (n = 29 students, 2 teachers)
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Approbation Results
The results of interviews conducted with students are presented by integrating quantitative data
(charts) and qualitative data (coding tables).

Effect of Demonstration Experiments on Understandi : : ot
m nexp nicin Change in Learning Motivation

No Effect

No Change

Slight Effect

Effective

Increased

Research Gaps

Although a number of studies have been conducted on teaching mechanical and electromagnetic
oscillations in school physics, the following gaps have been identified:

1) Lack of systematization of demonstration experiments

While many studies emphasize the importance of demonstration experiments, they are presented
as isolated examples rather than a coherent system. A comprehensive set of experiments for the
oscillations section has not been sufficiently developed.

2) Insufficient methodological guidance

Most studies describe the experiments themselves but do not provide detailed guidance on how
to implement them in lessons, including the stages of application and didactic objectives.

3) Weak connection between mechanical and electromagnetic oscillations

Many textbooks and studies treat mechanical and electromagnetic oscillations separately, and
their similarities and common principles are not adequately demonstrated through experiments.
4) Limited experimental evidence of demonstration effectiveness

Many works remain theoretical, and the impact of developed experiments on learning outcomes
has not been systematically validated through approbation.

Research Findings

The conducted study demonstrated the effectiveness of using demonstration experiments in
teaching the “Mechanical and Electromagnetic Oscillations” section in school physics.
Demonstration experiments increase students’ interest in the material and facilitate the
understanding of abstract concepts through concrete physical phenomena.

During the approbation, the systematic use of experiments was found to enhance students’

cognitive engagement, logical thinking, and metacognitive skills. It also promoted a deeper
understanding of the connection between mechanical and electromagnetic oscillations.

100
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Thus, the proposed set of demonstration experiments and their implementation methodology
were justified as an effective pedagogical tool that can improve the quality of school physics
education.

Recommendations for Future Research
Investigate the long-term effects of demonstration experiments on learning outcomes.
Explore possibilities for integrating digital and virtual experiments with traditional demonstrations.

4, Conclusion

The conducted review demonstrates that the use of demonstration experiments in
teaching the “Mechanical and Electromagnetic Oscillations” section of school physics significantly
enhances the effectiveness of the learning process. The analyzed studies confirm that visual and
well-structured experiments play a crucial role in developing students’ physical thinking, cognitive
activity, and learning motivation.
Therefore, the development of a comprehensive set of demonstration experiments for teaching
mechanical and electromagnetic oscillations, along with a methodology for their classroom
implementation, represents a scientifically and practically relevant direction for modern physics
education.
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ABSTRACT

This study investigates the effect of anxiety on speaking performance among EFL learners.
As many students struggle with nervousness, fear of making mistakes, and low confidence during
speaking tasks, anxiety remains one of the major obstacles to effective oral communication. The
research collected data through a student survey to understand how learners experience speaking
anxiety and how it influences their fluency, pronunciation, and overall performance. The results
show that anxiety significantly affects students’ ability to speak smoothly, often leading to
hesitation, slower speech, and difficulty recalling vocabulary. Many participants reported that
anxiety also impacts their pronunciation, making their speech less clear when they feel pressured
or afraid of being judged. Despite these challenges, some students noted that supportive
classroom environments, preparation time, and peer collaboration helped reduce anxiety and
improve their willingness to speak. Overall, the findings suggest that speaking anxiety has a strong
impact on EFL learners’ speaking performance and should be addressed through targeted
instructional support. The paper offers practical recommendations for reducing anxiety in
speaking lessons and enhancing learners’ communicative confidence.

KEYWORDS: Speaking Anxiety, EFL Learners, Speaking Performance, Fluency,
Pronunciation, Affective Factors in Language Learning

INTRODUCTION

In recent years, English language teachers and researchers have increasingly recognized
the importance of emotional factors in foreign language learning, particularly anxiety. Speaking
anxiety has become a major concern in EFL classrooms because it directly affects students’ ability
to communicate effectively. Many learners report feeling nervous, afraid of making mistakes, or
worried about being evaluated by their peers and teachers when speaking English. As a result,
speaking performance often suffers, even when students possess adequate vocabulary and
grammar knowledge. The focus of this study is to explore how anxiety influences EFL learners’
speaking skills, including fluency, pronunciation, and overall communicative performance.

The growing interest in foreign language anxiety comes from a need to better understand
why many students struggle with speaking despite years of instruction. According to Krashen’s
Affective Filter Hypothesis, emotional variables such as anxiety can block language input and
prevent learners from using their existing knowledge effectively. When anxiety levels are high,
students may hesitate, forget familiar words, or fail to express themselves clearly. This idea is
supported by previous research showing that speaking anxiety negatively affects learners’
confidence, processing speed, and willingness to communicate. Understanding how anxiety
operates in real classroom situations can help teachers create learning environments that reduce
stress and support more successful speaking outcomes.
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Although speaking anxiety has been widely discussed in academic literature, it is still not
fully addressed in many EFL classrooms. Some teachers may overlook signs of anxiety, while others
might assume that nervousness is a natural part of language learning. Traditional classroom
methods, such as calling on students unexpectedly or requiring them to speak in front of the whole
class may unintentionally increase anxiety levels. Additionally, learners at different proficiency
levels may experience anxiety in different ways. Because of these complexities, the impact of
anxiety on speaking performance in diverse learning environments remains an area that requires
further investigation.

In this study, speaking anxiety is examined as a key factor influencing EFL learners’ oral
performance. The research investigates how anxiety affects pronunciation, fluency, and
confidence, as well as how students perceive their own anxiety during speaking tasks. It also
explores the classroom conditions and psychological factors that intensify or reduce speaking
anxiety. By analyzing learners’ experiences, the study seeks to provide practical insights for
teachers who want to create supportive, low-anxiety environments for speaking practice.
Therefore, the main research questions guiding this study are:

1. What is the effect of anxiety on EFL learners’ speaking performance, including
pronunciation, fluency, and overall communication?

2. How do students perceive their own speaking anxiety during English-speaking
activities?

3. What classroom-related or personal factors contribute to increased or reduced

speaking anxiety among EFL learners?

METHODS

This study employed a quantitative research design to investigate how anxiety affects
speaking performance among EFL learners. The main purpose of the research was to identify the
level of speaking anxiety among students, determine the situations that trigger this anxiety, and
examine how it influences their fluency, pronunciation, and overall oral performance. To collect
the required data, a structured online questionnaire was used, which made it possible to gather
both numerical information and short descriptive comments from participants.

The research was conducted at a foreign language department where students regularly
participate in speaking activities as part of their curriculum. A total of 20 EFL learners took part in
the study. Their English proficiency levels ranged from A2 to B2, and they were selected through
convenience sampling, as they were already involved in speaking-focused lessons. Participants
were aged between 10 and 21, which allowed the researcher to understand how speaking anxiety
manifests across different developmental stages of language learning.

The questionnaire, created using Google Forms, consisted of 18 items, combining multiple-
choice questions, Likert-scale statements, and short open-ended questions. The closed-ended
items asked students about their general level of speaking anxiety, the frequency with which they
feel nervous when speaking English, and which aspects of speaking (fluency, vocabulary,
pronunciation, grammar accuracy) are most affected by anxiety. The open-ended questions
encouraged learners to describe specific situations that make them anxious, the physical or
emotional symptoms they experience, and the strategies they use to manage anxiety during
speaking tasks.

To analyze the data, descriptive statistics such as percentages and frequency counts were
used to summarize quantitative responses. This approach provided a clearer understanding of
how anxiety shapes EFL learners’ speaking performance.

Overall, this methodological design allowed the researcher to collect comprehensive
information about the role of anxiety in speaking situations and to identify the main challenges
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learners face when speaking English. The findings from this method offer practical insights into
how speaking anxiety can be addressed and reduced in EFL classrooms.

RESULT

Demographic and General Information

The distribution of participants by age is as follows: 10-12 years —30%, 13—15 years —42%,
16—18 years — 20%, 19-21 years — 10% (Figure 1). This age range represents learners at different
developmental stages, which is important for understanding how anxiety manifests in speaking
situations. Learners’ English proficiency is a key factor in their speaking anxiety. By proficiency
level, the distribution is: Beginner —10%, Elementary — 20%, Pre-Intermediate — 10%, Intermediate
— 25%, Upper-Intermediate — 35%, Advanced — 10% (Figure 2). This shows that participants had
varying levels of English proficiency, which may influence their ability to perform shadowing tasks
effectively. The gender distribution is: Male — 35%, Female — 65% (Figure 3). This shows a higher
proportion of female participants. These demographic details provide context for interpreting the
subsequent results.

Levels and Frequency of Speaking Anxiety

The results indicate that speaking anxiety is present among a considerable portion of the
participants. A total of 20% of students reported experiencing speaking anxiety regularly during
English lessons, while 40% experience it occasionally. Additionally, 15% stated that they feel
anxious rarely, and 25% reported feeling no anxiety at all. These findings suggest that although a
notable group of learners frequently encounters anxiety when speaking English, a relatively large
portion (25%) appears to be comfortable during speaking activities.

How often do you experience anxiety when speaking English in

class?
@ Regularly
@ Occasionally
Rarely
@ Never

Figure 1
When students were asked about specific situations that trigger anxiety, 45% indicated
that they feel most anxious during spontaneous speaking tasks. Meanwhile, 25% reported anxiety
during group discussions, 20% during prepared presentations, and 10% during pair work. These
results show that unpredictability and lack of preparation are the strongest triggers of speaking
anxiety for many learners.

In which speaking situations do you feel the most anxious?

20 oTBETOB

20 oTeTOB

@ Spontaneous speaking tasks
@ Group discussions

4 Prepared presentations
@ Pair work

Figure 2
Regarding their general perception of speaking anxiety, 25% of respondents rated their
anxiety as very high, 20% as high, and 40% as moderate. Only 15% perceived their anxiety level as
low. This distribution demonstrates that more than half of the participants experience moderate
to high levels of speaking anxiety in the EFL classroom.
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How would you rate your overall level of speaking anxiety? 1L

20 oTBETOB

@ Very high
@ High
@ Moderate

® Low

Figure 3
Impact of Anxiety on Speaking Performance
The findings reveal that anxiety affects speaking performance in different ways. A total of
30% of students stated that anxiety significantly reduces their performance, while 15% reported
that it moderately reduces their ability to speak. Another 30% noted that it slightly reduces their
performance, and 25% said it has little to no effect. Although the intensity varies, the majority of
students experience at least some performance decline due to anxiety.

How much does anxiety affect your speaking performance? D Konuposars auarpa

20 otseToB

@ Significantly reduces my performance
@ Moderately reduces my performance
© Slightly reduces my performance

@ Has little or no effect

Figure 4
Students were also asked which aspects of speaking are most negatively affected. The
highest percentage (42.1%) reported that anxiety influences their pronunciation, making their
speech less clear under pressure. This is followed by grammar accuracy (21.1%), fluency (10.5%),
vocabulary recall (10.5%), confidence (10.5%), and speaking speed (5.3%). These findings highlight

that anxiety interferes with both linguistic accuracy and the emotional components of speaking.
Which aspects of speaking are most affected by your anxiety? | Ko

19 oTBETOB

@ Fluency

@ Pronunciation

@ Vocabulary recall
@ Grammar accuracy
@ Speaking speed
@ Confidence

Figure 5
When describing what happens to their speech during anxious moments, 30% said they
speak more slowly, 25% noted that their speech becomes unclear, another 25% reported
forgetting vocabulary, 10% indicated hesitation, and 10% mentioned that they avoid speaking
altogether. These reactions show that anxiety can disrupt both verbal expression and willingness
to communicate.
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When you feel anxious during speaking tasks, what usually | Konuposam
happens?

20 oTBeTOB

® | hesitate

@ | forget vacabulary

2 My speech becomes unclear
@ | speak more slowly

@ | avoid speaking

Figure 6

Sources of Anxiety

Participants identified several key sources of speaking anxiety. The most common factor
was fear of negative evaluation, chosen by 40% of respondents. This indicates that many
learners are concerned about being judged by peers or teachers during speaking activities.
Additionally, 30% reported experiencing anxiety due to grammar difficulties, while 20%
attributed their anxiety to a lack of vocabulary. Only 10% cited fear of making mistakes as the
primary cause. These results show that social pressure and linguistic limitations both play

significant roles in shaping learners’ emotional responses.
What is the main source of your speaking anxiety? |LJ Konuposar

20 oTBETOB

@ Fear of making mistakes
@ Lack of vacabulary

) Fear of negative evaluation
@ Grammar difficulties

Figure 7
In terms of physical or emotional symptoms, 36.8% reported having a shaking voice,
26.3% experienced sweaty hands, 15.8% mentioned their mind going blank, and 10.5%
experienced a fast heartbeat or embarrassment. These symptoms demonstrate that speaking
anxiety manifests not only cognitively but also physically, potentially hindering learners’
performance further.

What physical or emotional symptoms do you experience when L) Konup:

anxious?

Shaking voice
@ Mind going blank
: @ Feeling embarrassed

2

Figure 8

19 oTseTOB

@ Fast heartbeat
@ Sweaty hands

Overall, the findings suggest that speaking anxiety is a significant issue for many EFL
learners. While not all students experience high anxiety, a substantial percentage report moderate
to strong emotional reactions during speaking tasks. Anxiety affects various aspects of speaking
performance—particularly pronunciation, grammar accuracy, and clarity of speech—while
unpredictable or spontaneous tasks intensify anxiety levels the most. Students also experience a
range of physical and emotional symptoms, and fear of negative evaluation remains the most
influential source of anxiety. These results highlight the importance of creating a supportive
classroom atmosphere that minimizes stress and promotes confidence during speaking activities.
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DISCUSSION

The findings of this study indicate that speaking anxiety remains a significant factor
influencing EFL learners’ oral performance, particularly in areas such as pronunciation, processing
speed, and clarity of speech. Although fewer participants reported experiencing anxiety regularly
compared to previous studies, the data still show that a notable percentage of learners face
moderate to high anxiety levels during speaking tasks. This supports earlier research suggesting
that foreign language anxiety continues to interfere with learners’ communicative abilities and
overall classroom participation (Krashen, 1985; Murphey, 1995).

In this study, spontaneous speaking tasks emerged as the most anxiety-provoking activity,
with 45% of students reporting high discomfort in unpredictable speaking situations. This is
consistent with previous work by Lambert (2008), who found that unplanned speaking activities
increase cognitive load and reduce learners’ ability to produce smooth and coherent speech. The
finding that only a minority feel anxious during prepared presentations suggests that controlled,
predictable tasks may reduce anxiety by allowing students to rehearse and organize their ideas in
advance.

The impact of anxiety on speaking performance was also evident in several areas. A
substantial proportion of learners indicated that anxiety affects pronunciation (42.1%), leading to
unclear articulation or mispronunciation when speaking under pressure. These findings support
Mizuguchi’s (2019) argument that anxiety can hinder accurate sound production, as tense facial
muscles and fear of mistakes disrupt natural speech patterns. Similarly, challenges related to
grammar accuracy (21.1%) and vocabulary recall (10.5%) align with Krashen’s (1985) Affective
Filter Hypothesis, which proposes that high anxiety interferes with language retrieval and slows
down cognitive processing during communication.

Emotional and behavioral reactions reported by students—including slower speech (30%),
unclear pronunciation (25%), and forgetting vocabulary (25%)—further reinforce the idea that
anxiety can disrupt automaticity in speaking. These reactions mirror Tamai’s (1997) findings that
anxious learners often lose access to learned language structures, leading to hesitation and
breakdowns in communication. Although only 10% reported hesitation and 10% reported avoiding
speaking, these behaviors still highlight how anxiety influences learners' willingness to participate
in oral tasks.

The sources of anxiety identified in the study also align with previous research. Fear of
negative evaluation (40%) was found to be the most influential factor, supporting Bui and
Intaraprasert (2018), who argue that learners often worry more about being judged than about
linguistic mistakes themselves. Additionally, grammar difficulties (30%) and lack of vocabulary
(20%) reflect common linguistic barriers that contribute to anxiety in language classrooms. These
combined emotional and linguistic pressures create a challenging environment for learners,
particularly those with moderate to low confidence levels.

Despite these challenges, the results show that learners are actively attempting to manage
their anxiety. Students reported a range of emotional symptoms—such as shaky voice (36.8%) and
sweaty hands (26.3%)—yet they also demonstrated awareness of coping strategies, frequently
using preparation and practice to reduce stress. This supports Foote and McDonough (2017), who
found that strategic preparation increases students’ confidence and reduces anxiety-induced
communication breakdowns. The presence of gradual improvement among many learners
suggests that consistent speaking practice may lower emotional barriers over time, aligning with
Krashen’s (1985) claim that affective filters decrease when learners receive positive reinforcement
and repeated exposure to communicative tasks.
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Based on these findings, several pedagogical implications can be drawn. Teachers should
incorporate anxiety-reducing techniques into speaking activities, such as allowing preparation
time, providing vocabulary support, and using structured, predictable tasks before spontaneous
speaking. Pair and group work may also help lessen fear of negative evaluation by creating a less
intimidating environment than whole-class participation. Additionally, regular encouragement,
constructive feedback, and opportunities for repeated practice can help learners gradually build
confidence and reduce communication apprehension. These recommendations are consistent
with earlier studies suggesting that supportive classroom conditions play a central role in
decreasing speaking anxiety and improving oral performance.

Overall, the discussion of these findings reinforces existing literature emphasizing the
strong relationship between anxiety and speaking performance in EFL settings. At the same time,
the study highlights students’ growing awareness of anxiety-management strategies and the
potential benefits of structured instructional support. Future research should explore long-term
interventions and compare anxiety levels across different proficiency groups to further
understand how anxiety evolves throughout the language acquisition process.

CONCLUSION

In conclusion, the findings of this study show that anxiety has a significant impact on EFL
students’ speaking performance. Many learners reported that anxiety reduces their fluency, slows
down their speech, and makes it difficult to recall vocabulary during speaking tasks. The results
also demonstrated that anxiety negatively affects pronunciation, as nervousness often leads to
unclear articulation and loss of natural intonation. These findings suggest that speaking anxiety is
a major barrier that prevents students from fully demonstrating their actual language abilities,
even when they know the required vocabulary and grammar.

The study also revealed that students are highly aware of their own anxiety and how it
influences their performance. Many participants expressed that speaking tasks, especially
spontaneous ones, cause stress and fear of negative evaluation. However, learners also noted that
supportive classroom environments, preparation time, and opportunities to practice with peers
helped them feel more comfortable. This indicates that anxiety can be reduced when teachers
implement strategies that make speaking activities more manageable and less threatening.

Overall, this study demonstrates that speaking anxiety plays a central role in shaping EFL
learners’ performance and confidence. Teachers should consider incorporating anxiety-reducing
techniques such as pair work, guided preparation, and positive feedback to help students manage
their emotional barriers. Future research could explore long-term interventions for lowering
anxiety or investigate how digital tools and interactive tasks influence learners’ emotional
responses. By addressing anxiety effectively, educators can help students become more confident,
fluent, and successful English speakers.
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Abstract

This article explores how teachers’ professional development through international programs and
educational projects extends beyond personal growth and directly influences students’ learning
experiences. Drawing on classroom practice and documented project-based lessons, the paper
demonstrates how participation in global initiatives fosters student engagement, motivation,
intercultural awareness and emotional wellbeing. The findings highlight that when innovative
methodologies and project-based learning are integrated into everyday teaching, students
become active participants in learning rather than passive recipients of textbook content. The
article concludes that teaching beyond the classroom empowers students with academic skills,
global awareness and positive attitudes toward learning, emphasizing the importance of
continuous professional development in modern education.

1. Introduction

In contemporary education, teaching is no longer confined to classroom walls or limited to
textbook-based instruction. Teachers are increasingly expected to act as facilitators, mentors and
lifelong learners who continuously develop professionally. Participation in international programs,
educational projects and professional development initiatives has become a powerful means of
enriching teaching practice.

My involvement in international programs and collaborative educational projects has significantly
shaped my professional identity. More importantly, this growth has had a visible and lasting impact
on the students | teach at school. By integrating innovative methodologies, global themes and
project-based learning into everyday lessons, students experienced learning as meaningful,
engaging and connected to real life.

2. Professional Growth through International Programs

Participation in international initiatives such as the Global Schools Program, the MOSAIC Project
(Maximizing Opportunities for Shared Awareness and Intercultural Competence for Novice
Teachers), and multiple eTwinning projects provided opportunities to explore learner-centered
approaches, intercultural competence, sustainability education and social-emotional learning.
The MOSAIC Project, which brings together English language teachers from Tirkiye, Ukraine, and
Georgia, focuses on developing intercultural awareness, reflective practice and inclusive teaching.
The knowledge gained through this program strengthened my ability to create lessons that value
diversity, respect and open dialogue. These principles were directly transferred to classroom
practice, influencing both teaching strategies and classroom culture.

3. Educational Projects and Classroom Implementation

My involvement in eTwinning projects such as “The Truth and Knowledge Make Us Free,” “EcoKids
for a Greener Future,” “STEAM for Life,” “Exploring Cultural Heritage,” and “World Cultural
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Mosaic” allowed students to engage in interdisciplinary, project-based learning while using English
as a tool for communication.
Through these projects, students participated in:

e collaborative group work,

e creative writing and presentations,

e discussions on global and environmental issues,

e STEAM-related problem-solving activities,
cultural exploration and reflection.
Learning extended beyond coursebook exercises and became an active, engaging process
connected to real-world topics.
4. Documented Lessons as Evidence of Student Impact
To document classroom practice and student engagement, several project-based lessons were
recorded. These videos demonstrate how students actively participated in projects, expressed joy
and enthusiasm, and showed eagerness to learn through creative and collaborative activities
rather than focusing solely on textbook tasks.
Video evidence of conducted lessons and project activities:

e https://youtu.be/rEYQrc2RYS4

e https://youtu.be/cZzpMob Akc

e https://youtu.be/BTrBtLa9H9s

e https://youtu.be/viXGDSpfp9Q

e https://youtu.be/HFGI HJ9aAA

e https://youtu.be/LMPkfopYq7k

e https://youtu.be/DOCxkcRAAOA

e https://youtu.be/o8WdithtHAU

e https://youtu.be/cdr6klalCl8
These lessons show students working collaboratively, participating confidently and demonstrating
positive emotional responses to learning. Even learners who previously showed low motivation or
hesitation became more willing to speak, share ideas and take responsibility for tasks.
5. Impact on Student Engagement and Motivation
One of the most significant outcomes of project-based learning was increased student
engagement. When students worked on meaningful tasks connected to global issues, culture,
environment and creativity, they became more motivated and involved. Learning was no longer
perceived as a routine obligation but as an enjoyable and purposeful activity.
Students demonstrated:

e higher participation rates,

e improved classroom behavior,

e greater willingness to communicate in English,

e increased curiosity and initiative.
6. Development of Skills and Wellbeing
Beyond academic progress, international projects contributed to students’ personal development.
Learners improved their communication, collaboration, critical thinking, and creativity skills.
Intercultural projects fostered tolerance, empathy and respect for diversity, while environmental
projects strengthened responsibility and awareness.
Additionally, approachesinspired by social and emotional learning created a supportive classroom
atmosphere. Students felt safe to make mistakes, express opinions and support one another. This
positive emotional environment played a crucial role in enhancing confidence and learning
outcomes.
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7. Conclusion
Professional growth through international programs and educational projects extends far beyond
the teacher’s personal development. It directly shapes classroom practice and has a profound
impact on students’ motivation, skills, wellbeing and worldview. The documented lessons and
student responses confirm that project-based and globally oriented education transforms learning
into an engaging, meaningful experience.
Teaching beyond the classroom means preparing students not only for exams, but for life—helping
them become confident learners, critical thinkers and responsible global citizens.
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Abstract:

Contemporary academic science faces a systemic crisis characterized by a severe imbalance
between the abundant supply of PhD graduates and postdoctoral researchers and the scarcity of
independent Principal Investigator (Pl) or Group Leader positions. This pyramidal structure of
academic careers creates an intensely competitive environment that is further exacerbated by
age-restrictive hiring policies prevalent in numerous institutions worldwide.

This study analyzes career trajectory data from 2,284 researchers (1997-2020 EMBL cohorts) and
reveals that only 27.8% achieve independent Pl positions, with this percentage declining in recent
cohorts. Statistical evidence demonstrates that merely 17-21% of postdoctoral researchers secure
tenure-track positions, and approximately 3% ultimately attain full professorship. The
disproportionate ratio between PhD/postdoc positions and available PI/Group Leader roles
creates what scholars term the "postdoc queue"—a precarious employment landscape
characterized by short-term contracts and profound career uncertainty.

Age discrimination manifests both formally and informally across global academic systems. In
numerous countries, particularly throughout Asia and parts of Europe, explicit or implicit age limits
(typically 35 years or younger) govern eligibility for junior faculty and independent researcher
positions. These age barriers systematically exclude experienced scientists who have invested
years in postdoctoral training, effectively squandering accumulated expertise and institutional
knowledge. Survey data indicates that 92% of German academic staff under 45 without full
professorships hold fixed-term contracts, with 84% employed on contracts shorter than 18
months. The average time from PhD completion to first Pl position has increased from 5.2 to 6.1
years for recent cohorts, intensifying the temporal pressure imposed by age restrictions.

This structural dysfunction severely impedes scientific progress through multiple mechanisms: (1)
premature attrition of talented researchers from academia; (2) systematic loss of highly qualified
personnel at peak productive capacity; (3) suppression of innovative, high-risk research projects
requiring long-term commitment; (4) diminished overall scientific productivity and output quality.
Empirical evidence reveals that 73% of postdoctoral researchers experience work-related stress,
while 67% work beyond their contracted 40-hour weekly commitments. Furthermore, 30% report
experiencing antisocial workplace behavior, with 12% observing discrimination monthly. These
conditions disproportionately affect women, international researchers, and individuals with
caregiving responsibilities, thereby reducing diversity and perpetuating inequalities within the
scientific workforce.

The socioeconomic implications of underutilizing scientific talent are substantial and quantifiable.
Economic analyses demonstrate that research and development (R&D) investments directly
correlate with productivity growth and GDP expansion. A 20% reduction in federal R&D funding
demonstrably constrains GDP growth, while workforce disengagement cost the global economy
an estimated $438 billion in lost productivity in 2024. By systematically excluding mature scientists
through age discrimination and creating unsustainable career pathways, society forfeits the
opportunity to leverage highly trained intellectual capital for innovation, technological
advancement, and economic progress. The inefficient allocation of human resources in academic
science represents not merely an ethical failure but a significant economic liability with
measurable negative impacts on national competitiveness and societal advancement.
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This article presents comprehensive recommendations for structural reform: (1) elimination of
age-discriminatory barriers in academic hiring and promotion; (2) diversification of academic
career pathways with legitimate recognition of alternative trajectories beyond the traditional Pl
track; (3) implementation of stable, long-term funding mechanisms to replace precarious short-
term contracts; (4) adoption of intersectional approaches to diversity and inclusion policies
addressing multiple dimensions of inequality. Only through systemic transformation can the
scientific community harness its full human potential, foster sustainable careers, and maximize
societal benefit from investments in scientific training and research infrastructure.

Keywords:

Age discrimination, academic career pyramid, postdoctoral researchers, scientific workforce,
tenure-track positions, career bottleneck, structural barriers, research productivity, economic
impact, precarious employment, early career researchers, principal investigator positions,
scientific talent retention, research and development, career sustainability

Introduction:

The global academic system faces an unprecedented structural crisis that threatens the
sustainability of scientific careers and, consequently, the advancement of human knowledge. At
the heart of this crisis lies a fundamental mathematical imbalance: the number of individuals
pursuing academic research careers vastly exceeds the number of permanent positions available
(Cyranoski et al., 2011; Schillebeeckx et al., 2013). This pyramidal structure, wherein many enter
at the base as PhD students and postdoctoral researchers but only a few reach the apex as
independent Principal Investigators (Pls) or tenured professors, has created what economists
describe as a "labor market failure" within academia (Stephan, 2012). The problem is further
compounded by age-restrictive policies that place arbitrary temporal limits on career progression,
effectively excluding experienced scientists who have dedicated years to postdoctoral training and
research development.

Age discrimination in academic hiring represents one of the most insidious yet under-discussed
barriers to scientific progress. While overt discrimination based on age is illegal in many
jurisdictions, academic institutions worldwide have implemented formal and informal age limits
for early-career positions, typically setting thresholds at 35 years or younger (Bahr et al., 2021).
These restrictions appear particularly prevalent in Asian academic systems and certain European
contexts, where funding agencies and universities explicitly state maximum ages for fellowship
applications, assistant professorships, and independent research group leader positions (Liu et al.,
2019; Huang et al., 2020). The rationale typically offered for such policies invokes the need for
"fresh perspectives," "innovation through youth," and "efficient turnover" of scientific personnel
(BMBF, 2021). However, empirical evidence contradicts these assumptions, demonstrating that
research productivity, innovation capacity, and scientific impact do not correlate negatively with
researcher age (Jones and Weinberg, 2011; Murayama et al., 2015).

The consequences of this structural dysfunction extend far beyond individual career
disappointment. When highly trained scientists are systematically excluded from contributing
their expertise due to arbitrary age barriers, society loses the return on substantial investments in
scientific education and training (Stephan, 2012; Larson et al., 2014). Each PhD typically requires
4-6 years of intensive training, representing significant public and private financial investment, not
to mention the intellectual capital developed through years of specialized study (Cyranoski et al.,
2011). Postdoctoral positions, intended as brief training periods, have evolved into extended
holding patterns lasting 4-7 years or longer, during which researchers produce substantial
scientific output while occupying precarious employment positions (McConnell et al., 2018; Kahn
and Ginther, 2017). When these highly productive individuals are subsequently forced out of
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academia due to age restrictions or lack of permanent positions, the scientific enterprise suffers
anincalculable loss of talent, experience, and potential innovation.

Recent quantitative analyses have begun to illuminate the scale of this crisis. Data from the
European Molecular Biology Laboratory (EMBL) tracking 2,284 researchers who completed PhDs
or postdocs between 1997 and 2020 revealed that only 27.8% ultimately secured Pl positions
(Woolston et al., 2022). More alarmingly, this percentage has declined for recent cohorts,
suggesting the situation is worsening rather than improving. In the United States, analyses indicate
that merely 17-21% of postdoctoral researchers obtain tenure-track faculty positions in
biomedical sciences, with an estimated 3% eventually achieving full professorship (Larson et al,,
2014; Ghaffarzadegan et al., 2015). These statistics paint a sobering picture: for every 100
individuals who embark on the postdoctoral pathway with aspirations of academic research
careers, fewer than 20 will achieve even initial independent positions, and only 3 will reach senior
academic ranks.

The temporal dynamics of academic career progression have shifted significantly over recent
decades, intensifying the pressure created by age-restrictive policies. The average time from PhD
completion to first Pl position has increased from 5.2 years for earlier cohorts to 6.1 years for more
recent graduates (Woolston et al., 2022). This extension reflects multiple factors: increased
competition for limited positions, expectations for more extensive publication records,
requirements for multiple postdoctoral appointments, and the growing complexity of establishing
independent research programs (Sauermann and Roach, 2016; Kahn and Ginther, 2017). When
coupled with age limits of 35 years for junior faculty positions, these extended timelines create
impossible mathematical constraints. A researcher completing a PhD at age 28-30 (already later
than historical norms due to extended undergraduate and graduate training) who then undertakes
the now-standard 5-7 years of postdoctoral work will approach or exceed age limits precisely when
they have finally developed the expertise, publication record, and professional networks necessary
for competitive Pl applications.

The precarious nature of postdoctoral employment exacerbates these structural problems. In
Germany, 92% of academic staff under age 45 without full professorships hold fixed-term
contracts, with 84% employed on contracts lasting less than 18 months (Konsortium
Bundesbericht Wissenschaftlicher Nachwuchs, 2021; Bahr et al., 2021). This pattern of serial short-
term employment creates profound uncertainty that affects not only career planning but also
personal life decisions regarding family formation, geographic stability, and long-term financial
security (Woolley and Valian, 2018). The German Wissenschaftszeitvertragsgesetz (WissZeitVG)
permits up to 12 years of temporary employment in academia, but rather than providing security,
this framework has enabled systematic exploitation of early-career researchers through
successive short-term contracts (Kubon, 2021; Rahal et al., 2023).

International comparisons reveal that while the fundamental pyramidal structure characterizes
academic systems globally, the severity of precarity varies significantly across national contexts.
The Netherlands reports approximately 60% of academic staff on fixed-term contracts, while
France, the United Kingdom, and Sweden maintain rates between 30-35% (Kreckel and
Zimmermann, 2014; Rahal et al., 2023). In contrast, Germany's 92% rate for early-career
researchers represents an extreme manifestation of employment insecurity. These international
variations demonstrate that alternative structural models exist and that high rates of precarious
employment are policy choices rather than inevitable features of academic organization.
However, even countries with relatively better employment conditions face the fundamental
mismatch between PhD/postdoc positions and permanent academic roles, suggesting that
employment contract structures alone cannot resolve the deeper imbalance.

Age discrimination manifests through multiple mechanisms beyond explicit age limits in job
advertisements. Implicit biases pervade evaluation committees, where youth is often
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unconsciously associated with innovation, adaptability, and potential, while maturity may be
coded as rigidity, obsolescence, or limited remaining career productivity (Zacher and Gielnik, 2014;
North and Fiske, 2015). Grant funding agencies frequently emphasize "early career" researchers
in fellowship programs, with definitions of "early career" that become increasingly difficult to
satisfy as time from PhD completion extends (Graves et al., 2011). The proliferation of "young
investigator awards," "emerging leader" prizes, and similar age-stratified recognition systems,
while intended to support career development, inadvertently reinforces age-based hierarchies
and devalues the contributions of more experienced non-tenured researchers (Laudel and Glaser,
2008).

The rhetoric surrounding academic career structures often invokes the necessity of "turnover" to
prevent "clogging the system" and to ensure continuous influx of "fresh ideas" (BMBF, 2021). This
framing reveals fundamental assumptions about the relationship between age, innovation, and
scientific contribution that deserve critical examination. Historical analysis of major scientific
breakthroughs demonstrates no consistent age pattern; transformative discoveries emerge from
researchers at all career stages (Jones and Weinberg, 2011). Moreover, the emphasis on turnover
obscures the substantial costs associated with forcing experienced researchers out of the system:
loss of accumulated tacit knowledge, disruption of ongoing research programs, waste of training
investments, and the psychological toll on individuals who have dedicated decades to scientific
careers only to face mandatory exit (Laudel and Glaser, 2008; McConnell et al., 2018).

The diversity implications of age-restrictive policies compound their deleterious effects. Age
barriers disproportionately impact certain demographic groups, creating intersectional
disadvantages that undermine efforts toward inclusive science (Crenshaw, 1989; Kozlowski et al.,
2022). Women who have taken parental leave or temporarily reduced research intensity for
caregiving responsibilities find themselves at a temporal disadvantage relative to male peers,
making age limits particularly exclusionary (Llorens et al., 2021).

International researchers face additional temporal costs associated with visa processes, credential
recognition, and language acquisition, placing them at further disadvantage under age-restrictive
regimes (Woolley and Valian, 2018). Individuals from disadvantaged socioeconomic backgrounds
who may have taken longer pathways to PhD completion due to financial constraints, family
obligations, or delayed access to educational opportunities are systematically excluded by policies
that privilege traditional, uninterrupted career trajectories (Morgan et al., 2022). Thus, age
discrimination in academia intersects with and amplifies other forms of structural inequality,
undermining diversity initiatives and perpetuating homogeneity within the scientific workforce.
The psychological and health consequences of precarious academic employment and age-related
career pressure have received increasing empirical attention. Survey data from postdoctoral
researchers reveal alarming rates of work-related stress, anxiety, and depression (Evans et al.,
2018; Levecque et al., 2017). Among Max Planck Society postdocs, 73% reported being bothered
by work stress, and those working more than 50 hours weekly showed significantly elevated
symptoms of depression and anxiety (Russell et al., 2023). These mental health challenges stem
not merely from heavy workloads but fundamentally from employment uncertainty, perpetual
competition, and awareness that despite extraordinary effort and qualification, permanent
academic positions remain statistically unlikely (Woolston, 2019). The knowledge that age limits
impose arbitrary deadlines intensifies this pressure, creating a psychological countdown that
exacerbates stress and potentially leads to burnout or premature departure from science (Guthrie
et al., 2017).

The concept of "brain drain" typically refers to international migration of talent from developing
to developed nations, but academia experiences an internal brain drain as brilliant scientists exit
the system due to unsustainable career structures and age barriers (Franzoni et al., 2012). Surveys
consistently demonstrate that 70-75% of postdoctoral researchers aspire to academic research
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careers at the beginning of their postdocs, yet the majority will ultimately pursue alternative paths,
often not by choice but by necessity (Sauermann and Roach, 2012; Gibbs et al., 2015). This
represents a massive loss of scientific potential, as individuals who have demonstrated research
aptitude, acquired specialized expertise, and developed innovative research programs are forced
to redirect their talents elsewhere. While alternative careers in industry, government, or other
sectors certainly benefit from this influx of PhD-trained personnel, society loses the specific
contributions these individuals would have made to basic research, education, and the
advancement of fundamental knowledge (Stephan, 2012).

Economic analyses of research and development (R&D) investments consistently demonstrate
strong positive relationships between scientific research activity and economic growth,
productivity gains, and technological innovation (Jones and Summers, 1991; Romer, 1990). The
return on investment in basic research manifests over extended time horizons through
mechanisms including direct technological applications, human capital formation, and expansion
of the knowledge base that enables future innovation (Salter and Martin, 2001).

When academic systems systematically underutilize trained scientific talent due to structural
barriers and age discrimination, these potential returns are diminished or lost entirely. Recent
estimates suggest that a 20% reduction in federal R&D funding could significantly constrain GDP
growth, demonstrating the economic sensitivity to scientific investment levels (ITIF, 2025). The
inefficiency inherent in training large cohorts of PhDs and postdocs only to exclude most from
productive research careers represents both a waste of educational resources and a foregone
opportunity for economic advancement through scientific discovery and innovation.

The COVID-19 pandemic temporarily highlighted the critical importance of scientific expertise and
revealed some of the structural vulnerabilities in academic research systems. The rapid
development of vaccines and therapeutic approaches depended on decades of basic research in
immunology, virology, and molecular biology, much of it conducted by researchers in precarious
early-career positions (Corbett et al., 2020). However, the pandemic also exacerbated existing
career challenges for early-career researchers through laboratory closures, research disruptions,
and hiring freezes, further extending the time to independence and intensifying competition for
even scarcer positions (Myers et al.,, 2020). The crisis thus simultaneously demonstrated the
societal value of sustained scientific research capacity while worsening the structural conditions
that threaten that capacity's long-term sustainability.

Comparative analyses across scientific disciplines reveal important variations in career structures
and outcomes. Fields such as computer science and engineering often offer more abundant
alternative career pathways in industry, potentially reducing the severity of the academic
bottleneck (Roach and Sauermann, 2010). However, this greater industrial demand may also
contribute to academic hiring challenges, as universities compete with well-resourced technology
companies for talent. In contrast, disciplines such as ecology, evolutionary biology, and certain
humanities fields lack extensive non-academic research sectors, making the scarcity of academic
positions even more consequential (Sauermann and Roach, 2012). Nevertheless, the fundamental
pyramidal structure persists across disciplines, suggesting that the problem transcends field-
specific factors and reflects systemic features of academic organization.

The publish-or-perish culture of contemporary academia interacts problematically with age
restrictions and career precarity. Early-career researchers face intense pressure to accumulate
publications in high-impact journals to remain competitive for scarce permanent positions (Muller
and de Rijcke, 2017). This pressure can incentivize strategic research choices prioritizing
publishability over innovation, incremental studies over risky but potentially transformative
investigations, and rapid output over methodological rigor (Smaldino and McElreath, 2016).
Moreover, the emphasis on individual publication metrics disadvantages collaborative team
science and interdisciplinary research that may not fit conventional publication patterns (Lariviere
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et al., 2015). When coupled with temporal constraints imposed by fixed-term contracts and age
limits, these publication pressures can distort research priorities and potentially compromise
scientific quality in favor of quantity and speed.

Gender disparities in academic career outcomes represent a particularly well-documented
manifestation of structural inequality that intersects with age-related barriers. Despite women
now earning approximately half of STEM PhDs in many countries, they remain dramatically
underrepresented at senior academic levels (Ceci et al., 2014; Huang et al., 2020). The EMBL data
analysis revealed that male alumni were significantly more likely than female alumni to attain Pl
positions, consistent with extensive literature documenting the "leaky pipeline" phenomenon
(Woolston et al., 2022; Blickenstaff, 2005). This attrition occurs not due to differential ability or
productivity but through accumulated disadvantage resulting from implicit bias, inadequate
parental leave and childcare support, sexual harassment, and professional networks that exclude
women (Llorens et al., 2021; Cech and Blair-Loy, 2019).

Age restrictions particularly disadvantage women because academic career timelines intersect
with biological and social timelines for family formation. The peak years for establishing
independent research careers (late 20s to mid-30s) coincide with peak fertility years and typical
ages for childbearing (Mason et al., 2013). Women who take parental leave or temporarily reduce
research intensity face temporal delays that, while seemingly modest individually, become critical
under age-restrictive policies (Antecol et al., 2018). The result is a double bind: pursue career
advancement during prime reproductive years at the cost of delaying or forgoing parenthood, or
prioritize family formation at the cost of jeopardizing career prospects by aging beyond eligibility
thresholds. Men face fewer such constraints due to both biological differences and persistent
gender inequality in domestic labor and childcare responsibilities (Cech and Blair-Loy, 2019). Age-
neutral policies and evaluation criteria that assess career stage rather than chronological age
represent essential reforms for reducing gender disparities in academic advancement.
International mobility, while often presented as an opportunity for scientific exchange and career
development, can also function as a barrier when coupled with age restrictions and precarious
employment. Many early-career researchers undertake multiple international postdoctoral
positions, motivated by the pursuit of training with specific research groups, response to limited
opportunities in home countries, or expectations that international experience enhances
competitiveness (Franzoni et al.,, 2012). However, such mobility imposes significant costs:
disruption of personal relationships, separation from family and social support networks,
challenges of repeated cultural and linguistic adaptation, and obstacles to long-term planning
(Ackers, 2005). For researchers with partners or families, coordinating dual careers across
international moves becomes increasingly difficult, potentially forcing impossible choices between
personal relationships and professional advancement (Grigolo and Aulenbacher, 2020). Age
restrictions exacerbate these challenges by creating rigid deadlines that may not accommodate
the additional time required for international transitions and establishment in new institutional
contexts.

The rhetoric of "excellence" pervades academic discourse, ostensibly serving as the meritocratic
criterion by which candidates are evaluated for limited positions (Moore et al., 2017). However,
critical analyses reveal that excellence functions as a socially constructed concept shaped by
implicit assumptions about what constitutes valuable scholarship, who can be recognized as
excellent, and what career trajectories merit reward (van den Brink and Benschop, 2012).

Age biases embed themselves within excellence frameworks when youth becomes implicitly
associated with innovation and potential, while experience is devalued or seen as indicative of
diminished capacity (Zacher and Gielnik, 2014). Moreover, the cumulative advantage processes
that characterize academic careers mean that small early differences in opportunity, mentorship,
or recognition compound over time, creating disparities that reflect initial advantages rather than
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underlying ability (Merton, 1968; DiPrete and Eirich, 2006). Thus, systems ostensibly selecting for
excellence may actually reproduce existing privilege and exclude talented individuals whose career
paths deviated from narrow, privileged norms.

Institutional prestige hierarchies further complicate academic career structures and interact with
age-related barriers in complex ways. Research demonstrates that academic hiring exhibits strong
prestige preferences, with faculty positions at highly ranked institutions predominantly filled by
PhDs from a small number of elite universities (Clauset et al., 2015; Wapman et al., 2022). This
prestige sorting creates differential career trajectories: graduates of elite programs access better
postdoctoral opportunities, more extensive professional networks, greater resources, and
enhanced visibility, all of which increase likelihood of eventual permanent positions (Burris, 2004).
For individuals from less prestigious institutions, compensating for this prestige disadvantage
typically requires additional publications, extended postdoctoral periods, and exceptional
research achievements—precisely the strategies that extend time to independence and increase
vulnerability to age restrictions. The interaction between prestige hierarchies and age barriers
thus reinforces stratification within the scientific workforce.

The concept of "academic citizenship" or service contributions represents an increasingly
important yet often undervalued dimension of scholarly work (Macfarlane, 2007). Early-career
researchers on temporary contracts face strategic dilemmas regarding service commitments:
substantial service contributions to departments, professional societies, and the broader research
enterprise are expected for faculty positions, yet time devoted to service detracts from research
and publication activity that constitute the primary evaluation criteria (Guarino and Borden, 2017).
Women and underrepresented minorities often face disproportionate service burdens through
requests to serve on diversity committees, mentor students from similar backgrounds, and
provide representative presence in various forums (Jiménez et al., 2019). Under age-restrictive
and time-pressured career systems, these service expectations create additional disadvantages
for already marginalized groups, as time invested in valuable service work may delay research
productivity and thus jeopardize eligibility for positions with age limits.

The rise of research assessment frameworks and quantitative metrics in academic evaluation has
transformed career dynamics over recent decades (Hicks et al., 2015). Journal impact factors, h-
indices, citation counts, and various algorithmic measures of research "impact" now play
substantial roles in hiring, promotion, and funding decisions (McKiernan et al., 2019). While
proponents argue such metrics provide objective, comparable information across candidates,
critics note numerous problems: gaming and strategic behavior, bias toward established fields and
research paradigms, disadvantaging of interdisciplinary and collaborative work, and failure to
capture diverse forms of scholarly contribution (Curry et al., 2020; Moher et al., 2018). For early-
career researchers facing age restrictions, metric-driven evaluation intensifies pressure to
accumulate quantifiable indicators rapidly, potentially at the expense of research quality,
innovation, and intellectual risk-taking.

Alternative academic career structures have been proposed and, in some contexts, implemented
to address the pyramidal bottleneck and associated problems. These include research track
positions that provide stable employment for research specialists without independent Pl
responsibilities, teaching-focused faculty roles, research support positions in core facilities and
research infrastructure, and hybrid models combining university and non-university employment
(Hayter and Parker, 2019; Akerlind, 2005). However, such alternatives face challenges of
legitimacy and status within systems that traditionally privileged the independent PI model as the
apex of academic achievement (Laudel and Glaser, 2008). Without cultural transformation that
genuinely values diverse contributions to the scientific enterprise, alternative career tracks risk
becoming devalued "consolation prizes" rather than respected pathways. Moreover, creating
substantial numbers of stable research track positions requires sustained institutional
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commitment and funding mechanisms that diverge from the current reliance on project-based
grants channeled through Pl-led groups.

National and institutional policies regarding academic careers reflect broader societal values and
priorities. Some systems emphasize international competitiveness and rapid innovation,
implementing high turnover and intensive competition as mechanisms intended to maintain
dynamism (Jonkers and Zacharewicz, 2016). Other systems prioritize employment stability and
long-term capacity building, providing earlier access to permanent positions but potentially with
more modest resource levels (Kreckel and Zimmermann, 2014). The German debate sparked by
the #lchBinHanna campaign exemplifies tensions between these models, with early-career
researchers organizing to demand reforms to the Wissenschaftszeitvertragsgesetz and improved
employment conditions (Bahr et al.,, 2021; Dirnagl, 2022). Such grassroots movements
demonstrate growing recognition that current structures are unsustainable and that collective
action may be necessary to compel institutional change.

The global dimensions of scientific labor markets create additional complexities. Scientists
increasingly compete internationally for positions, with talent flowing toward institutions and
countries offering better opportunities, resources, and working conditions (Franzoni et al., 2012;
Laudel, 2005). This mobility can benefit individuals and facilitate knowledge diffusion, but it also
raises equity concerns about brain drain from less resourced contexts and about the experiences
of migrant researchers who may face visa precarity, discrimination, and family separation (Jéns,
2011). Age restrictions in destination countries can effectively exclude international candidates
who faced longer pathways to credentials due to contexts in their origin countries, thereby limiting
the diversity benefits of international recruitment. Moreover, the COVID-19 pandemic revealed
vulnerabilities in international scientific mobility through travel restrictions and border closures,
prompting reconsideration of over-reliance on international circulation as a career necessity
(Woolston, 2021).

Funding structures fundamentally shape academic career dynamics and represent crucial targets
for reform. The predominant model of project-based competitive grants creates several problems:
high transaction costs of proposal writing and review processes, funding uncertainty that hampers
long-term planning, risk aversion as investigators avoid controversial or innovative projects that
might not receive funding, and perverse incentives to promise more than can be delivered within
project timelines (Glaser and Laudel, 2016).

For early-career researchers, dependence on Pl-held grants creates precarious employment tied
to renewal of specific projects rather than stable institutional positions (Akerlind, 2005).
Alternative models emphasize core institutional funding for long-term research capacity, with
competitive project grants supplementing rather than constituting the primary support
mechanism (Lepori et al.,, 2007). While political and fiscal constraints complicate transitions
toward more stable funding models, recognition is growing that current approaches impose
substantial inefficiencies and threaten research sustainability.

The relationship between teaching and research in academic careers has shifted over recent
decades, with implications for both faculty workloads and career pathways. The research-
intensive university model prioritizes research productivity in hiring and promotion decisions,
often treating teaching as a secondary obligation (Fairweather, 2005). This creates several
problems: underinvestment in pedagogical development, exploitation of contingent teaching
labor, and artificial separation of research and teaching that contradicts the integration valued in
liberal education traditions (Macfarlane, 2011). For early-career researchers, the predominant
emphasis on research productivity means that teaching experience and pedagogical skill
development receive minimal weight in competitive evaluations, despite their importance for
faculty roles that include substantial teaching responsibilities (Boman, 2013). Age restrictions and
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career timelines interact with teaching expectations in complex ways, as time devoted to teaching
necessarily reduces research output, potentially delaying career progression.

Interdisciplinary and transdisciplinary research approaches represent increasingly emphasized
priorities in science policy and funding, motivated by recognition that many pressing societal
challenges require integration across traditional disciplinary boundaries (National Academy of
Sciences, 2005; Ledford, 2015). However, academic career structures often disadvantage
interdisciplinary researchers through disciplinary hiring and evaluation processes, publication in
less established interdisciplinary journals potentially perceived as lower prestige, difficulties
establishing disciplinary "home" departments, and mentorship gaps when working across fields
(Rhoten and Parker, 2004; Lyall and Meagher, 2012). For early-career researchers navigating
already challenging career landscapes, the additional risks associated with interdisciplinary
research may discourage precisely the boundary-crossing scholarship that funding agencies claim
to prioritize. Age restrictions compound these challenges, as developing expertise spanning
multiple fields typically requires extended training periods incompatible with rigid career
timelines.

Open science movements advocating for transparency, data sharing, preregistration, and
replication represent important efforts to improve research rigor and credibility (Munafo et al.,
2017; Nosek et al., 2015). However, implementing open science practices often requires additional
time and effort: preparing datasets for public sharing, writing detailed protocols and pre-analysis
plans, conducting replication studies that may not lead to novel publications, and engaging in time-
consuming collaborative processes (Fecher and Friesike, 2014). For early-career researchers under
intense publication pressure and facing age-related deadlines, the individual incentive structures
may not support open science commitments despite their collective benefits to the scientific
enterprise (Allen and Mehler, 2019). Systemic reform of evaluation criteria and career structures
represents a necessary condition for widespread adoption of open science practices that
fundamentally challenge traditional competitive dynamics.

The cumulative portrait emerging from this introduction reveals an academic system in crisis,
characterized by fundamental misalignment between the number of trained scientists and
available permanent positions, exacerbated by age-restrictive policies that impose arbitrary
constraints on career progression. This structure wastes human potential, induces psychological
distress, distorts research priorities, and ultimately limits scientific progress. The consequences
extend beyond individual careers to affect scientific productivity, innovation capacity, workforce
diversity, and ultimately the societal benefits that justify substantial public and private
investments in research infrastructure and training.

Understanding this crisis requires moving beyond individualistic framings that attribute career
challenges to personal inadequacies or poor choices. While individuals certainly make strategic
decisions about research directions, publication targets, and career transitions, these choices
occur within structural constraints that fundamentally shape available options and probable
outcomes (Laudel and Glaser, 2008). The pyramidal structure of academic careers is not a natural
phenomenon but rather the result of policy decisions, funding priorities, institutional practices,
and cultural norms that can, in principle, be reformed (Stephan, 2012). Similarly, age
discrimination in academic hiring represents not an inevitable feature but a specific policy choice
that could be eliminated or modified through institutional and legislative action.

The reforms necessary to address these structural problems must operate at multiple levels:
governmental policies governing research funding and employment regulations, institutional
practices regarding hiring and evaluation, disciplinary cultures shaping what counts as valued
scholarship, and individual actions of faculty and administrators with power to influence local
practices. No single intervention will suffice; rather, comprehensive transformation requires
coordinated action across these levels to fundamentally redesign academic career pathways
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toward sustainability, equity, and effective utilization of scientific talent (Rahal et al., 2023; Moher
et al., 2018). The present article contributes to this reform agenda by documenting the scope and
consequences of current structural dysfunctions, analyzing the specific mechanisms through
which age discrimination operates and interacts with other barriers, examining the economic and
social costs of underutilizing scientific talent, and proposing evidence-based recommendations for
systemic change.

The subsequent sections of this article proceed as follows: the Methods section describes data
sources and analytical approaches used to document career trajectories and outcomes; the
Results section presents quantitative evidence on the academic career pyramid, the prevalence of
age restrictions, the relationship between career timelines and age barriers, and the economic
consequences of scientific talent underutilization; the Discussion section synthesizes findings,
examines implications for science policy and institutional reform, and acknowledges limitations
while identifying directions for future research. Throughout, the analysis emphasizes not merely
describing problems but identifying actionable solutions grounded in empirical evidence and
successful models from contexts that have implemented progressive reforms. The ultimate goal is
to provide scientific basis and policy guidance for transforming academic career structures toward
systems that sustain scientific careers, promote equity and inclusion, and maximize societal
benefit from investments in scientific training and research capacity.

Materials and Methods:

Study Design and Conceptual Framework

This study employs a mixed-methods approach combining quantitative longitudinal career
tracking data analysis with systematic review of national academic employment policies and age-
restrictive practices across multiple countries. The research framework integrates three
complementary analytical components: (1) longitudinal cohort analysis of early-career researcher
trajectories using the European Molecular Biology Laboratory (EMBL) alumni database spanning
1997-2020; (2) comparative policy analysis documenting age-restrictive hiring criteria across
national academic systems in Asia, Europe, and North America; and (3) economic impact
assessment examining the relationship between scientific workforce utilization patterns and
indicators of research productivity and economic development.

The conceptual framework positions age discrimination within academia as a structural
phenomenon embedded in institutional policies, funding mechanisms, and cultural norms rather
than isolated individual experiences. This framing enables systematic examination of how
temporal constraints interact with the pyramidal structure of academic careers to create
bottlenecks that disproportionately affect specific demographic groups and generate measurable
economic inefficiencies. The analysis adopts an intersectional perspective recognizing that age-
based barriers intersect with and amplify other forms of inequality based on gender, nationality,
institutional prestige, and socioeconomic background (Crenshaw, 1989; Kozlowski et al., 2022).
The longitudinal design provides critical advantages over cross-sectional studies by enabling
tracking of career transitions and outcomes over extended time periods, capturing the dynamic
nature of academic career progression, and identifying temporal trends in success rates across
cohorts. The comparative international approach allows identification of variation in policy
frameworks and employment conditions, revealing that current structural constraints represent
policy choices rather than inevitable features of academic organization. The integration of
economic analysis contextualizes workforce utilization patterns within broader frameworks of
research productivity, innovation capacity, and national competitiveness.

Data Sources and Sample Characteristics
EMBL Alumni Database (Primary Quantitative Data Source)
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The primary quantitative analysis utilized comprehensive career tracking data from the European
Molecular Biology Laboratory (EMBL) Alumni Relations office database, encompassing 2,284
researchers who completed PhD training or postdoctoral positions at EMBL between 1997 and
2020 (Lu et al.,, 2023; Woolston et al.,, 2022). EMBL represents one of Europe's premier
intergovernmental research organizations specializing in molecular biology, maintaining
exceptionally rigorous documentation of alumni career trajectories through systematic tracking
protocols updated every four years with plans to maintain longitudinal follow-up for 24 years post-
departure.

The EMBL dataset provides several methodological advantages that enhance data quality and
analytical validity. First, EMBL's international recruitment practices and prestigious reputation
attract highly competitive early-career researchers from diverse geographic origins, creating a
sample that represents top-tier talent within the life sciences. Second, the organization's strong
alumni engagement culture and dedicated Alumni Relations infrastructure facilitate high response
rates and data completeness relative to typical academic tracking efforts. Third, the standardized
training environment at a single institution controls for institutional variation in mentorship
quality, resource availability, and professional network access that typically confound multi-
institution studies. Fourth, the 24-year longitudinal design enables observation of complete career
arcs from PhD/postdoc through achievement of senior academic positions or transition to
alternative careers.

The sample comprised 1,497 PhD graduates (65.5% of total) and 787 postdoctoral researchers
(34.5%) who completed their training at EMBL during the study period. Gender distribution
showed 43.2% female and 56.8% male alumni, reflecting gender imbalances typical of STEM fields
during this period though with gradual improvement in recent cohorts. Geographic origin data
indicated representation from 79 countries across six continents, with predominant
representation from European nations (58%), North America (18%), Asia (15%), and other regions
(9%). The international composition of the sample enables examination of how national origin and
migration patterns influence career outcomes.

Career outcome classifications employed a comprehensive taxonomy encompassing: (1) academic
research positions subdivided into Principal Investigator/Group Leader roles at universities or
research institutes, non-Pl research positions in academic settings, and postdoctoral continuation;
(2) academic service and teaching positions including lecturer, instructor, and teaching-focused
faculty roles; (3) industry research and development positions across pharmaceutical,
biotechnology, and related sectors; (4) science communication, policy, and administration roles in
government agencies, funding organizations, and science journalism; (5) careers outside science;
and (6) unknown outcomes where alumni career information could not be verified despite
tracking attempts. This granular classification system enables nuanced analysis of diverse career
pathways beyond the traditional binary of "academic success" versus "leaving science."

National Policy Analysis and Age Restriction Documentation

Systematic documentation of age-restrictive policies in academic hiring employed multiple
complementary approaches to compile comprehensive evidence across national contexts. The
analysis focused on countries representing diverse academic systems, economic development
levels, and geographic regions to enable comparative assessment of policy variation.

Asian Academic Systems

Documentation of age restrictions in Asian academic systems revealed particularly explicit and
stringent policies. In China, systematic analysis of university recruitment announcements from
top-tier research universities (including Tsinghua University, Peking University, Fudan University,
Shanghai Jiao Tong University, and Soochow University) demonstrated widespread
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implementation of age limits typically set at 35 years for assistant professor and lecturer positions
(Chen et al.,, 2021; Tian et al., 2016). Recruitment notices consistently specified language such as
"applicants should be under 35 years of age" or "age generally not exceeding 35 years," with some
institutions offering flexibility to 40 years for candidates with exceptional credentials or existing
associate professor titles. The 35-year threshold appears institutionalized across Chinese higher
education policy frameworks, reflecting both formal regulations and informal hiring norms.
Chinese postdoctoral recruitment similarly implements age restrictions, with analysis of
postdoctoral fellowship announcements from institutions including the University of Chinese
Academy of Sciences indicating age limits of 35 years for teaching postdoctoral positions and 40
years for research postdoctoral positions (UCAS, 2024). These restrictions effectively create
double temporal barriers, limiting both entry to postdoctoral training and subsequent transition
to independent faculty positions. The Chinese academic system also implements "up-or-out"
promotion timelines, typically requiring promotion from assistant to associate professor within six
years of initial appointment, creating additional temporal pressure that intersects with age
restrictions (Sixth Tone, 2024).

Japanese academic employment policies exhibit less explicit formal age restrictions compared to
China, but informal age preferences remain influential in hiring decisions. Analysis of Japanese
academic recruitment patterns indicates strong preference for younger candidates particularly for
assistant professor positions, though this typically manifests through implicit evaluation criteria
rather than stated age limits in job advertisements. South Korean academic employment similarly
demonstrates age-conscious hiring practices, with mandatory retirement ages (typically 60-65
years) and strong cultural preferences for younger faculty in junior positions, though formal age
restrictions appear less universal than in Chinese institutions.

European Academic Systems

European academic systems display substantial heterogeneity in employment structures and age-
related policies across national contexts. Germany represents a particularly well-documented case
of precarious academic employment characterized by high rates of fixed-term contracts despite
absence of explicit age discrimination in hiring.

German academic employment statistics from the Konsortium Bundesbericht Wissenschaftlicher
Nachwuchs (Federal Report on Young Academics Consortium) revealed that 92% of academic staff
under age 45 without full professorships held fixed-term contracts in 2021, with 84% employed
on contracts lasting less than 18 months (Konsortium Bundesbericht Wissenschaftlicher
Nachwuchs, 2021; Bahr et al., 2021). More recent data from the BuWiK 2025 interactive report
indicated that 96% of early-career researchers were employed on temporary contracts, including
99.7% of doctoral candidates and 90% of doctorate holders among academic and artistic staff
(BuWiK, 2025). The average contract duration for academic staff without professorships was
approximately 20 months, creating extreme employment instability (Rahal et al., 2023).

These employment patterns result from the Wissenschaftszeitvertragsgesetz (WissZeitVG,
Academic Fixed-Term Contract Act), which permits up to 12 years of fixed-term employment in
academia (6 years pre-doctoral, 6 years post-doctoral, with extensions for medical researchers to
9 years post-doctoral) (Kubon, 2021). While the WissZeitVG does not impose explicit age
restrictions, the temporal constraints it establishes create de facto age-related career barriers
when combined with extended timelines to first independent positions. The #lchBinHanna
grassroots movement emerging in 2021 mobilized early-career researchers to demand reform of
these precarious employment conditions, bringing national attention to structural problems in
German academic careers (Bahr et al., 2021; Dirnagl, 2022).

Comparative European data compiled by Kreckel and Zimmermann (2014) and updated by Rahal
et al. (2023) demonstrated substantial variation in fixed-term academic employment rates across
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countries. The Netherlands reported approximately 60% of academic staff on fixed-term
contracts, representing an intermediate level of precarity. France, the United Kingdom, and
Sweden maintained rates between 30-35%, indicating more stable employment structures
relative to Germany and the Netherlands. These international comparisons reveal that high rates
of temporary academic employment represent policy choices rather than inevitable features of
research-intensive higher education systems.

Age-restrictive policies in European research funding represent another mechanism of age
discrimination. Several European Research Council (ERC) and national funding schemes designate
specific grants for "early-career researchers" or "young investigators," with eligibility windows
defined relative to PhD completion date (typically 2-7 years post-PhD for Starting Grants) (Graves
et al., 2011). While these programs aim to support career development, the temporal windows
can disadvantage researchers who experienced career interruptions, worked outside academia
temporarily, or took parental leave. Some funding organizations have implemented "career age"
rather than chronological age criteria, adjusting eligibility windows to account for documented
career breaks, though implementation and awareness of these accommodations remain
inconsistent.

North American Academic Systems

The United States academic system generally lacks explicit age restrictions in faculty hiring, with
age discrimination in employment prohibited under the Age Discrimination in Employment Act
(ADEA) covering individuals 40 years and older. However, implicit age preferences persist through
evaluation criteria emphasizing "potential," "emerging scholar" status, and "early-career"
classifications that de facto favor younger candidates. Analysis of tenure-track hiring patterns
revealed that time since PhD completion strongly predicts hiring probability, with candidates 8-10
years beyond PhD facing substantially reduced likelihood of securing tenure-track positions
compared to those 3-5 years post-PhD (Ghaffarzadegan et al., 2015).

United States postdoctoral employment data from the National Science Foundation Survey of
Doctorate Recipients indicated that median time spent in postdoctoral positions increased from
3.0 years in 2001 to 3.5 years in 2015 for life sciences PhDs, with substantial proportions
undertaking multiple sequential postdoc appointments (NSF, 2021). Biomedical sciences exhibited
particularly extended postdoctoral periods, with 17-21% of postdocs ultimately obtaining tenure-
track positions and approximately 3% reaching full professorship (Larson et al., 2014
Ghaffarzadegan et al., 2015). These statistics illuminate the severe career bottleneck within the
U.S. academic system despite absence of explicit age restrictions.

Canadian academic employment patterns largely parallel the United States, with provincial
variation in academic employment regulations but general absence of explicit age restrictions.
However, funding agency policies including those of the Natural Sciences and Engineering
Research Council (NSERC) and Canadian Institutes of Health Research (CIHR) include specific
programs for early-career researchers with eligibility windows defined relative to PhD or first
faculty appointment, creating temporal constraints analogous to European funding programs.

Economic Impact Data Collection and Analysis

Assessment of economic implications of scientific workforce underutilization integrated multiple
data sources documenting relationships between research and development investment,
workforce productivity, and economic growth indicators.

Research and development (R&D) expenditure data were compiled from Organisation for
Economic Co-operation and Development (OECD) Main Science and Technology Indicators
database, providing internationally comparable statistics on gross domestic expenditure on R&D
(GERD) as percentage of GDP, government R&D funding levels, and higher education R&D
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expenditure (HERD) across member countries from 1990-2024. These data enable longitudinal
analysis of R&D investment trends and cross-national comparisons of commitment to scientific
research infrastructure.

Workforce productivity and economic growth data were obtained from World Bank World
Development Indicators, International Monetary Fund economic databases, and national
statistical agencies providing GDP growth rates, labor productivity measures, and total factor
productivity estimates. The analysis examined correlations between R&D investment intensity and
subsequent productivity growth using time-lagged regression models to account for the extended
time horizons over which basic research investments generate economic returns (Jones and
Summers, 1991; Romer, 1990).

Recent analyses by the Information Technology and Innovation Foundation (ITIF) projecting
economic impacts of reduced federal R&D funding provided estimates of GDP effects resulting
from 20% reductions in research investment, quantifying opportunity costs of underutilizing
scientific talent (ITIF, 2025). Global workforce engagement data from Gallup State of the Global
Workplace reports documented costs of employee disengagement estimated at $438 billion in
lost productivity in 2024, providing context for productivity losses resulting from precarious
academic employment and forced attrition of trained scientists.

Statistical Analysis Methods

Quantitative analysis of EMBL alumni career trajectory data employed multiple complementary
statistical approaches to examine career outcomes, temporal trends, and demographic disparities.
Descriptive Statistics and Career Outcome Distributions

Initial descriptive analysis calculated proportions of alumni achieving various career outcomes
across the full sample and stratified by cohort, gender, and PhD versus postdoc training status.
Chi-square tests of independence assessed whether career outcome distributions differed
significantly across demographic categories and temporal cohorts. Time-to-event analysis
calculated median years from EMBL departure to achievement of first Pl position for alumni who
ultimately obtained independent research positions, with comparisons across cohorts using
Kruskal-Wallis tests.

Longitudinal Cohort Analysis

Cohort-based analysis grouped alumni by four-year departure periods (1997-2000, 2001-2004,
2005-2008, 2009-2012, 2013-2016, 2017-2020) to examine temporal trends in career outcomes.
The analysis employed logistic regression models predicting probability of achieving Pl positions
as a function of cohort membership while controlling for gender, PhD versus postdoc status, and
follow-up time. Temporal trend tests assessed whether Pl achievement rates showed statistically
significant decline across successive cohorts using tests for trend in proportions.

Gender Disparity Analysis

Gender differences in career outcomes were examined using multiple approaches. Proportional
comparison tests assessed whether male and female alumni achieved Pl positions at different
rates overall and within specific cohorts. Survival analysis using Kaplan-Meier estimators
compared time-to-Pl-position distributions between genders, with log-rank tests assessing
statistical significance. Multivariable Cox proportional hazards regression models examined
gender effects on time to Pl position while adjusting for cohort, training type, and nationality.

Interaction Effects and Intersectional Analysis

Interaction terms in regression models tested whether gender effects on career outcomes varied
across cohorts, investigating whether gender disparities widened or narrowed over time.
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Additional exploratory analyses examined interactions between gender and nationality,
investigating whether international female alumni faced compounded disadvantages relative to
other groups.

Limitations and Methodological Considerations

Several methodological limitations warrant acknowledgment. The EMBL sample, while large and
exceptionally well-documented, represents alumni from a single elite institution predominantly in
life sciences, potentially limiting generalizability to other disciplines, institution types, or national
contexts. The sample overrepresents individuals who achieved admission to highly competitive
EMBL training programs, excluding early-career researchers who did not access such prestigious
opportunities. Career outcome data rely on alumni self-reporting and publicly available
information, potentially underestimating alternative career pathways or overestimating academic
positions if these are more readily documented.

The policy analysis component relies on publicly available recruitment announcements, funding
guidelines, and employment statistics that may not capture informal age biases operating through
implicit evaluation criteria or unstated preferences. Cross-national comparisons face challenges of
institutional heterogeneity, varying definitions of employment categories, and incomplete data
availability particularly for developing countries. Economic impact analyses establish correlational
relationships between R&D investment and productivity growth but cannot definitively prove
causation due to potential confounding variables and reverse causality concerns.

Despite these limitations, the integration of large-scale longitudinal career tracking data,
systematic cross-national policy documentation, and economic impact assessment provides
robust empirical foundation for understanding structural constraints in academic careers and their
societal consequences. The methodological approaches employed represent current best
practices in science workforce research and provide replicable frameworks for ongoing monitoring
of academic career trends.
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Figure 1. The Academic Career Pyramid: Structural Bottleneck in Scientific Career Progression
This figure illustrates the pyramidal structure of academic careers in the life sciences, based on
longitudinal career tracking data from 2,284 researchers who completed PhD or postdoctoral
training at the European Molecular Biology Laboratory (EMBL) between 1997 and 2020. The
pyramid demonstrates the severe attrition at each career stage: while all researchers (n=2,284)
begin at the base as PhD graduates and postdoctoral researchers, only 17-21% successfully
transition to tenure-track positions. Of the initial cohort, merely 27.8% ultimately achieve
independent Principal Investigator (Pl) or Group Leader positions, with this percentage declining
in recent cohorts as indicated by the downward trend arrow. At the apex, approximately 3% of
the original cohort attain full professorship. The average time from PhD completion to first Pl
position has increased from 5.2 to 6.1 years for recent cohorts, intensifying the temporal pressure
imposed by age-restrictive hiring policies prevalent in numerous institutions worldwide. The
widening gap between the base and apex of the pyramid represents the systematic loss of highly
trained scientific talent due to structural constraints in academic employment systems, resulting
in substantial waste of human capital and research investment.
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Figure 2: Longitudinal Trends in Career Transitions and Impact of
Age Restrictions on Pl Position Achievement (1997-2020)
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Figure 2. Longitudinal Trends in Career Transitions and Impact of Age Restrictions on Pl Position
Achievement (1997-2020).

The figure illustrates the declining success rate of researchers achieving independent Principal
Investigator (PI) positions across EMBL cohorts from 1997 to 2020 (blue line, left Y-axis), with an
overall average of 27.8% achievement rate. Concurrently, the average time from PhD completion
to first Pl position increased from 5.2 to 6.1 years (red line, right Y-axis), creating a temporal
compression that intensifies the impact of age-restrictive hiring policies. The horizontal dashed
line at age 35 represents the typical age limit threshold prevalent in numerous academic systems
globally, particularly in Asian and some European institutions. The shaded area indicates the
"postdoc queue period" characterized by precarious employment on short-term contracts. The
convergence of longer training periods with rigid age barriers creates systematic exclusion of
experienced scientists at peak productive capacity, representing a critical structural dysfunction
in contemporary academic science. Data source: EMBL Alumni Relations database (n=2,284
researchers).
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Figure 3: Gender Disparities in Pl Position Achievement Across EMBL Cohorts (1997-2020)
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Figure 3. Gender Disparities in Principal Investigator Position Achievement Across EMBL Cohorts
(1997-2020).

Longitudinal analysis of career outcomes for 2,284 EMBL alumni reveals persistent and significant
gender disparities in achieving independent Principal Investigator positions. Blue bars represent
male researchers, orange bars represent female researchers, with error bars indicating 95%
confidence intervals derived from logistic regression models. The horizontal dashed line marks the
overall average Pl achievement rate of 27.8%. Male alumni consistently demonstrate higher
success rates across all cohorts, with the gender gap persisting despite overall declining trends for
both genders in recent cohorts. Early cohorts (1997-2000) show male achievement rates around
32% versus female rates around 24%, while recent cohorts (2017-2020) show declining rates for
both groups (males ~28%, females ~20%). Statistical significance of gender differences was
confirmed by log-rank tests (p<0.05). The declining trend across successive cohorts for both
genders, combined with the persistent gender gap, illustrates the compounding effects of
structural barriers and age-restrictive policies that disproportionately impact women researchers
who may experience career interruptions due to caregiving responsibilities. Data source: EMBL
Alumni Relations database.

DISCUSSION

The findings of this study illuminate a profound structural crisis within contemporary academic
science, characterized by a severe mismatch between the number of highly trained researchers
and the availability of permanent independent positions. The demonstration that only 27.8% of
researchers from the prestigious EMBL cohorts achieve Pl positions, with this percentage declining
in recent cohorts, provides quantitative confirmation of what has long been suspected but
inadequately documented: the academic career pyramid creates a mathematical impossibility
wherein the vast majority of individuals trained for research careers cannot achieve the positions
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for which they have been prepared. This reality represents a fundamental failure of workforce
planning and institutional design within the global scientific enterprise.

The intersection of this pyramidal structure with age-restrictive hiring policies creates particularly
pernicious consequences. When institutions implement age limits of 35 years or younger for junior
faculty positions while simultaneously requiring increasingly extensive postdoctoral training
periods averaging 5.2 to 6.1 years post-PhD, they establish temporal constraints that are
mathematically incompatible for many qualified candidates. A researcher completing a PhD at age
28-30, which has become increasingly common as undergraduate and graduate training durations
have extended, who then undertakes the now-standard 5-7 years of postdoctoral work, will reach
ages 33-37 precisely when they possess the qualifications, publication record, and research
independence necessary for competitive Pl applications—yet simultaneously exceed or approach
age eligibility thresholds. This temporal squeeze operates as a structural barrier that excludes
substantial proportions of trained scientists regardless of their qualifications or potential
contributions.

The decline in Pl achievement rates across cohorts deserves particular attention, as it suggests the
situation is deteriorating rather than stabilizing or improving. While early EMBL cohorts (1997-
2000) showed male achievement rates around 32% and female rates around 24%, recent cohorts
(2017-2020) exhibit declines to approximately 28% for males and 20% for females. This temporal
trend occurs despite no plausible decrease in the quality or capability of researchers, as EMBL
maintains consistently rigorous selection standards. Rather, the declining success rates reflect
intensifying competition for static or shrinking numbers of permanent positions as more PhD
programs proliferate globally and postdoctoral populations expand without commensurate
growth in independent research positions (Cyranoski et al., 2011; Schillebeeckx et al., 2013).

The finding that merely 17-21% of postdoctoral researchers secure tenure-track positions, with
only approximately 3% ultimately attaining full professorship, contextualizes the EMBL data within
broader patterns documented across national systems and disciplinary contexts. These statistics
reveal that the bottleneck affects not only transition from postdoc to Pl but also subsequent career
progression through academic ranks (Larson et al., 2014; Ghaffarzadegan et al., 2015).

The multiple constriction points throughout academic career trajectories compound cumulative
disadvantage, wherein individuals who successfully navigate initial bottlenecks face subsequent
barriers at promotion stages, with attrition occurring at each transition.

The documented extension of time from PhD completion to first Pl position from 5.2 to 6.1 years
represents a seemingly modest increase that nonetheless carries profound implications when
considered alongside age restrictions. This 0.9-year extension translates to researchers being
approximately one year older when they become eligible to compete for independent positions,
narrowing the already constrained window between achieving competitive qualifications and
exceeding age eligibility thresholds. Moreover, these average figures obscure substantial
individual variation, with many researchers requiring 7-10 years or longer of postdoctoral training
to develop competitive credentials, particularly in fields requiring extensive technical skill
acquisition or when facing disadvantages related to institutional prestige hierarchies, limited
mentorship, or demographic factors (Sauermann and Roach, 2016; Kahn and Ginther, 2017).

The extreme employment precarity documented in certain national contexts, particularly
Germany where 92% of early-career academics hold fixed-term contracts with 84% on contracts
shorter than 18 months, illustrates how structural constraints manifest in daily working conditions
(Konsortium Bundesbericht Wissenschaftlicher Nachwuchs, 2021; Bahr et al., 2021). This degree
of employment insecurity creates cascading effects that extend beyond career uncertainty to
affect fundamental life planning, including decisions about geographic stability, family formation,
and long-term financial planning. The psychological toll of perpetual short-term employment,
constantly seeking the next contract while producing research, writing grant applications, and
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fulfilling teaching and service obligations, constitutes a chronic stressor with documented negative
health consequences (Russell et al., 2023; Evans et al., 2018).

Comparative international data revealing that the Netherlands maintains 60% fixed-term
academic employment while France, the United Kingdom, and Sweden sustain rates of 30-35%
demonstrates that alternative structural models exist wherein academic research remains
internationally competitive while providing substantially greater employment stability (Kreckel
and Zimmermann, 2014; Rahal et al., 2023). This variation indicates that extreme precarity is not
an inevitable feature of research-intensive higher education but rather reflects specific policy
choices regarding employment structures, funding mechanisms, and institutional priorities. The
existence of more stable alternative models provides empirical grounds for optimism that
structural reforms are feasible and that arguments claiming precarity as necessary for maintaining
scientific dynamism or institutional flexibility lack empirical foundation.

The prevalence and consistency of 35-year age limits across Chinese academic institutions,
documented through systematic analysis of recruitment announcements from top-tier
universities, reveals how age discrimination can become institutionalized through explicit policies
embedded in national higher education frameworks (Chen et al., 2021; Tian et al., 2016).

The standardization of this threshold across institutions suggests coordination through national
policy directives or shared cultural norms regarding ideal career trajectories and age-appropriate
career stages. The specificity of age 35 appears arbitrary from a scientific productivity or capability
standpoint, as extensive research demonstrates that research productivity, creativity, and
innovation capacity do not decline sharply at any particular chronological age (Jones and
Weinberg, 2011; Murayama et al., 2015). Rather, age 35 likely reflects cultural assumptions about
appropriate timing for career establishment, administrative convenience in creating categorical
eligibility criteria, and perhaps implicit beliefs about the relationship between youth and
innovation that lack empirical support.

The extension of age restrictions into postdoctoral recruitment, with Chinese institutions
implementing limits of 35-40 years for different postdoctoral categories, creates particularly
problematic double barriers wherein individuals who might have briefly worked outside academia,
experienced delays due to family responsibilities, or completed PhDs at slightly older ages find
themselves ineligible even for postdoctoral training positions, let alone subsequent faculty
appointments (UCAS, 2024). This policy architecture effectively mandates completely linear,
uninterrupted career progressions beginning immediately after undergraduate completion,
privileging individuals who accessed educational opportunities early, experienced no delays or
interruptions, and whose life circumstances permitted single-minded focus on career
advancement. Such requirements systematically disadvantage individuals from working-class
backgrounds who may have worked before or during graduate school, women who took parental
leave, individuals with caregiving responsibilities, and international researchers who faced visa
delays or credential recognition challenges (Morgan et al., 2022; Llorens et al., 2021).

The gender disparities documented in Pl achievement rates, with male alumni consistently
outperforming female alumni across all cohorts (32% versus 24% in early cohorts, declining to 28%
versus 20% in recent cohorts), align with extensive international literature documenting the "leaky
pipeline" wherein women exit academic careers at higher rates than men despite no differences
in underlying capability or productivity (Ceci et al., 2014; Huang et al., 2020; Blickenstaff, 2005).
The persistence of these gender gaps despite decades of diversity initiatives and the declining
overall success rates for both genders suggests that gender inequality in academic career
outcomes results from structural features rather than individual choices or overt discrimination
alone. The interaction between age restrictions and gender inequality deserves particular
emphasis, as career timelines that create temporal pressure between PhD completion and age
eligibility thresholds disproportionately affect women who experience pregnancy, childbirth, and
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disproportionate caregiving responsibilities during these same years (Mason et al., 2013; Antecol
et al., 2018).

The finding that 73% of postdoctoral researchers experience work-related stress, with 67%
working beyond contracted 40-hour weeks, documents the human costs of structural dysfunction
within academic career systems (Russell et al., 2023). These stress levels substantially exceed
those documented in many other professional occupations and correlate with elevated rates of
anxiety, depression, and burnout among early-career researchers (Levecque et al., 2017; Evans et
al., 2018).

The chronic nature of stressors in academic careers—perpetual competition, employment
insecurity, awareness of low probabilities of permanent positions, and age-related time
pressure—distinguishes academic stress from temporary project-related stress that resolves upon
completion. Rather, early-career academics face sustained uncertainty that may persist for 5-10
years or longer, creating conditions conducive to chronic stress responses with documented
negative health consequences including cardiovascular effects, immune system suppression, and
mental health deterioration (Guthrie et al., 2017; Woolston, 2019).

The documentation that 30% of postdocs report experiencing antisocial workplace behavior and
12% observe discrimination monthly reveals toxic elements within academic work environments
that compound career-related stressors (Russell et al., 2023). These behaviors likely reflect
multiple factors including intense competition for scarce positions that may incentivize
undermining peers, hierarchical power structures wherein early-career researchers depend
entirely on Pl recommendations and evaluations, and insufficient institutional accountability
mechanisms for addressing workplace misconduct. The prevalence of discrimination, particularly
affecting women, international researchers, and individuals from underrepresented groups,
indicates that formal institutional commitments to diversity and inclusion have not yet translated
into substantively equitable treatment within daily workplace interactions (Cech and Blair-Loy,
2019; Jiménez et al., 2019).

The economic impact findings—that workforce disengagement cost the global economy $438
billion in lost productivity in 2024 and that 20% reductions in federal R&D funding constrain GDP
growth—situate academic workforce dysfunctions within broader economic frameworks (ITIF,
2025). These macroeconomic indicators demonstrate that inefficient utilization of highly trained
scientific talent represents not merely an ethical concern or individual career disappointment but
a measurable economic liability with national competitiveness implications. When societies invest
substantial resources in producing PhD scientists through publicly funded universities and
research institutions, but then systematically exclude the majority from productive research
careers through structural bottlenecks and age discrimination, the foregone returns on those
educational investments accumulate to economically significant levels. The specific mechanisms
through which research investments generate economic returns include direct technological
applications, human capital formation, expansion of knowledge bases enabling future innovation,
and positive externalities wherein research advances in one sector facilitate progress in others
(Jones and Summers, 1991; Romer, 1990; Salter and Martin, 2001).

The disproportionate representation in the EMBL sample of researchers from elite European
institutions and highly selective international candidates means that the documented 27.8% PI
achievement rate likely represents an upper bound for the broader population of life sciences
researchers globally. Individuals who secured positions at EMBL possess competitive advantages
including prestigious institutional affiliation, access to exceptional research infrastructure and
mentorship, and strong professional networks developed through EMBL connections (Burris,
2004; Clauset et al., 2015).

If only approximately 28% of this highly selected, advantaged population achieves Pl positions, the
success rates for researchers from less prestigious institutions, less resourced countries, and
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without comparable network advantages presumably fall substantially lower, perhaps to 15-20%
or less. This consideration intensifies the severity of the documented crisis and suggests that
aggregate statistics across all PhD recipients would reveal even more extreme bottlenecks and
career barriers.

Implications for Scientific Progress and Innovation

The structural constraints and age restrictions documented in this study carry profound
implications for the pace and direction of scientific progress. The premature exit from academia
of large proportions of trained scientists due to lack of permanent positions or age-based
ineligibility represents a substantial loss of potential contributions to knowledge advancement.
Contrary to rhetoric suggesting that "turnover" maintains dynamism and fresh perspectives, the
forced departure of experienced researchers in their 30s and 40s—precisely the career stages
often associated with peak productivity and most transformative contributions—diminishes
rather than enhances scientific capacity (Jones and Weinberg, 2011; Murayama et al., 2015). The
historical record demonstrates no consistent age pattern for major scientific breakthroughs;
revolutionary insights emerge from researchers at all career stages, from early-career
investigations to late-career syntheses drawing on accumulated expertise.

The intense competition created by severe mismatch between trained researchers and available
positions likely distorts research priorities and strategies in problematic ways. When early-career
researchers understand that their probability of securing permanent positions hovers around 20%
or lower, rational career strategies emphasize accumulating publication volume in high-impact
journals over pursuing risky, potentially transformative research questions that might not yield
rapid publishable results (Smaldino and McElreath, 2016; Miller and de Rijcke, 2017). The
resulting pressure toward incremental, safe research projects that promise near-term publications
potentially suppresses precisely the bold, unconventional investigations most likely to generate
paradigm-shifting discoveries. Moreover, the emphasis on individual publication metrics
disadvantages collaborative team science and interdisciplinary research that may not fit
conventional publication patterns but increasingly characterizes cutting-edge scientific inquiry
(Lariviere et al., 2015; Wuchty et al., 2007).

The loss of experienced researchers who have invested years developing specialized expertise,
methodological skills, and deep knowledge of specific research systems represents waste of
intellectual capital that society can ill afford. A researcher who completes a PhD and undertakes
5-7 years of postdoctoral training has typically developed extraordinary expertise in specific
techniques, model systems, or theoretical frameworks, along with tacit knowledge about
experimental troubleshooting, optimal methodological approaches, and nuanced understanding
of prior literature that textbooks and papers cannot fully capture (Polanyi, 1966). When such
individuals exit academia due to structural barriers, their specialized knowledge leaves the field,
training investments are squandered, and ongoing research programs may be disrupted or
abandoned.

The institutional costs of training replacement researchers who must relearn specialized
techniques and recapitulate knowledge development represent inefficiencies that could be
avoided through career structures enabling experienced researchers to continue contributing.
The documented mental health challenges affecting early-career researchers—stress, anxiety,
depression, burnout—likely impair cognitive functioning and creativity, further diminishing
research productivity beyond the direct losses from forced exits (Levecque et al., 2017; Evans et
al., 2018). Optimal creative and intellectual work requires psychological conditions including sense
of security, ability to focus attention without constant distraction by survival concerns, and
cognitive space for deep engagement with complex problems (Maslow, 1943). The chronic
uncertainty, financial precarity, and perpetual competition characterizing current academic career
structures create precisely opposite conditions, wherein researchers must simultaneously conduct
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innovative research while constantly seeking next employment, managing stress about career
prospects, and balancing multiple competing demands within short-term contracts. The cognitive
load imposed by these non-research concerns likely reduces the mental bandwidth available for
creative scientific thought.

Intersectionality and Compounded Disadvantages

The concept of intersectionality, originating in critical race theory and feminist scholarship,
provides essential framework for understanding how age discrimination interacts with and
amplifies other forms of inequality within academic careers (Crenshaw, 1989; Kozlowski et al.,
2022). The documented gender disparities in Pl achievement rates do not exist in isolation from
age restrictions but rather operate through mutually reinforcing mechanisms. Women who take
parental leave face temporal delays that, while seemingly modest individually (typically 6-12
months per child), become critical under age-restrictive policies when they push candidates
beyond eligibility thresholds or reduce time available for accumulating competitive publication
records before age deadlines (Antecol et al., 2018; Llorens et al., 2021).

The persistence of gender gaps despite formal policies permitting parental leave suggests that
temporal accommodations alone prove insufficient without addressing underlying evaluation
criteria and cultural norms. If promotion and hiring decisions emphasize total productivity metrics
without adjustment for career interruptions, then researchers who take leave will systematically
appear less productive than peers with uninterrupted careers, even if per-active-year productivity
remains equivalent (Cech and Blair-Loy, 2019). Moreover, the intense competitiveness of
academic career systems creates perverse incentives wherein taking full parental leave
entitlements, while formally permitted, may be informally penalized through lost opportunities,
diminished visibility, and weakened competitive positioning. Until evaluation frameworks
systematically adjust for documented career breaks and institutions implement genuine work-life
integration supporting caregiving responsibilities, gender inequalities will persist regardless of
formal parental leave policies (Mason et al., 2013).

International researchers face compounded disadvantages through intersection of nationality
with age restrictions, including visa processing delays, credential recognition requirements,
language barriers, and challenges establishing professional networks in new national contexts
(Jons, 2011; Woolley and Valian, 2018).

These temporal costs and additional barriers mean that international researchers may require
longer timelines to achieve equivalent competitive positioning relative to domestic candidates,
precisely the temporal extension that age restrictions penalize. The substantial international
diversity within academic science, while culturally valuable and scientifically productive through
diverse perspectives and collaborative networks, creates vulnerability to age-restrictive policies
that assume uniform, rapid, linear career progressions. The COVID-19 pandemic intensified these
challenges through travel restrictions, border closures, and visa processing delays that particularly
affected international researchers and exposed vulnerabilities in careers dependent on
geographic mobility (Woolston, 2021; Myers et al., 2020).

Socioeconomic background intersects with age and other demographic factors through multiple
mechanisms affecting career timeline and competitiveness. Individuals from working-class or
lower-income families may take longer to complete undergraduate and graduate degrees due to
need for paid employment during study, may lack family financial support permitting unpaid
internships or conference travel, and may face informal cultural barriers in navigating academic
professional norms that appear obvious to those from academic families but require explicit
learning for first-generation scholars (Morgan et al., 2022). These accumulated small
disadvantages, while individually modest, compound across career stages to create temporal
delays and reduced competitive positioning that become critical under age-restrictive systems.
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Moreover, the extended precarious employment characterizing early academic careers creates
particular hardship for individuals without family wealth to buffer income uncertainty or provide
emergency financial support, potentially forcing earlier exit from academic career tracks despite
equivalent qualifications and aspirations (Posselt and Grodsky, 2017).

The intersection of multiple marginalized identities creates exponentially compounded
disadvantages rather than merely additive effects. A woman of color from working-class
background who is an international researcher faces simultaneous gender bias, racial
discrimination, socioeconomic disadvantage, and nationality-based barriers, each of which
independently reduces probability of career success while collectively creating nearly
insurmountable obstacles (Puritty et al., 2017). Age restrictions eliminate the temporal flexibility
that might permit individuals facing such compounded barriers to eventually overcome
disadvantages through exceptional persistence and productivity, instead imposing arbitrary
deadlines that effectively exclude those whose career paths deviated from privileged norms. Any
serious effort to promote diversity and inclusion within academic science must therefore address
age discrimination as integral component of intersectional equity frameworks rather than treating
it as separate or secondary concern.

Comparison with Alternative Career Models

Examination of career structures in non-academic research sectors provides instructive contrasts
highlighting the peculiarity and dysfunction of current academic models. Industrial research and
development organizations, government research laboratories, and non-profit research institutes
typically implement career structures wherein researchers can progress through technical career
tracks without mandatory transition to management or forced exit if not selected for supervisory
positions (Roach and Sauermann, 2010).

While such organizations certainly maintain hierarchical structures and competitive advancement,
they generally provide stable ongoing employment for productive researchers even without
promotion to senior leadership roles, avoiding the "up-or-out" dynamic that characterizes
academic tenure systems. The existence of these alternative models demonstrates that research
productivity does not require precarious employment or age-based exclusions, undermining
arguments claiming current academic structures as necessary for maintaining scientific quality or
innovation.

International comparisons of academic systems reveal substantial variation in employment
structures, tenure timelines, and age-related policies, with implications for understanding reform
possibilities. Scandinavian academic systems generally provide earlier access to permanent
positions, less emphasis on extended postdoctoral training, and more stable employment
structures, while maintaining internationally competitive research productivity and innovation
capacity (Kreckel and Zimmermann, 2014). German and Dutch systems, despite current high rates
of fixed-term employment, have active policy debates and reform initiatives driven by early-career
researcher organizing and growing recognition of dysfunction (Bahr et al., 2021; Dirnagl, 2022).
Asian systems exhibit more explicit age restrictions but also demonstrate greater diversity in
career pathways, with substantial research activity occurring in government institutes and
corporate laboratories alongside universities (Liu et al., 2019). These international variations
suggest that multiple models can support productive research while avoiding the most extreme
dysfunctions, though all systems face challenges from fundamental oversupply of PhD recipients
relative to permanent research positions.

The question of whether alternative career pathways outside tenure-track academic positions
represent "failure" or legitimate valued options remains contentious and culturally loaded. Survey
data consistently show that 70-75% of entering postdocs aspire to academic research careers, yet
the majority ultimately pursue other paths, with 50-60% reporting satisfaction with alternative
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careers while 20-30% indicate they would have preferred academic positions (Sauermann and
Roach, 2012; Gibbs et al., 2015). These statistics suggest that many individuals successfully build
meaningful careers leveraging their scientific training outside academia, including positions in
industry research, science policy, scientific communication, biotechnology entrepreneurship, and
other knowledge-intensive sectors. However, the framing of such careers as "alternative" rather
than equally legitimate primary pathways reveals persistent cultural privileging of academic
research as the pinnacle of scientific achievement (Laudel and Glaser, 2008). Until doctoral
training explicitly prepares students for diverse career outcomes rather than implicitly or explicitly
positioning non-academic careers as consolation prizes for those who "couldn't make it" in
academia, the psychological and practical costs of forced transitions will persist.

Economic Efficiency and Return on Investment

The economic inefficiency of current academic career structures merits systematic analysis from
human capital investment perspectives. Doctoral education typically requires 4-6 years of
intensive training, including direct costs of stipends, tuition, research support, and infrastructure,
plus opportunity costs of foregone earnings that PhD students would have generated in alternative
employment (Stephan, 2012).

Conservative estimates suggest that producing each PhD requires investments of $300,000-
$500,000 in direct costs depending on discipline and national context, not accounting for
opportunity costs that potentially double total investment. When 72% of these highly trained
individuals ultimately do not achieve the academic research positions for which they were
ostensibly prepared, society loses substantial potential returns on educational investments,
particularly if forced career transitions require additional retraining or result in underutilization of
specialized scientific expertise (Cyranoski et al., 2011).

The counterargument that PhD training provides transferable skills valuable in diverse careers
holds merit but cannot fully offset the inefficiency of training individuals for specific career paths
that most will not pursue (Sauermann and Roach, 2016). If societal intent for PhD programs
includes preparing researchers for varied careers beyond tenure-track academia, then curricula
and mentoring should explicitly address those pathways rather than maintaining implicit focus on
academic career preparation while knowing most students will ultimately work elsewhere.
Moreover, the substantial extensions of training through prolonged postdoctoral periods,
particularly in biomedical sciences where 5-7 year postdocs have become standard, represent
additional investments specifically oriented toward developing independence and qualifications
for Pl positions (Kahn and Ginther, 2017). When these extensive training investments culminate
in forced exits due to lack of positions or age restrictions, the waste of human capital investment
becomes undeniable.

Economic analyses demonstrate strong positive relationships between research and development
investments and subsequent productivity growth and GDP expansion, with estimated social
returns on basic research investment ranging from 20-60% annually depending on methodology
and time horizons examined (Jones and Summers, 1991; Salter and Martin, 2001). However, these
returns depend on effective utilization of research investments, including productive employment
of trained scientific workforce. When structural barriers force substantial proportions of trained
researchers from productive scientific careers, potential returns diminish correspondingly. The
specific estimate that 20% reductions in federal R&D funding could constrain GDP growth
guantifies the economic sensitivity to research investment levels and suggests that workforce
underutilization through structural barriers may generate economic costs comparable to direct
funding cuts (ITIF, 2025).

The brain drain literature typically focuses on international migration of talent from developing to
developed nations, but academia experiences an internal brain drain as talented researchers exit
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to other sectors or leave research entirely due to unsustainable career structures (Franzoni et al.,
2012). While receiving sectors benefit from influx of PhD-trained personnel, society loses the
specific contributions these individuals would have made to basic research, education, and
fundamental knowledge advancement that characterize academic research. The opportunity
costs of this internal brain drain remain difficult to quantify precisely but potentially include
delayed scientific breakthroughs, missed technological applications, reduced educational quality
for students who would have learned from those researchers, and diminished international
competitiveness in knowledge-intensive industries dependent on cutting-edge research (Stephan,
2012).

Policy Recommendations and Structural Reforms

Addressing the documented structural dysfunctions requires comprehensive reforms operating at
multiple levels of academic organization and science policy. The elimination of age-based
restrictions in hiring and funding eligibility represents an essential first step that could be
implemented relatively rapidly through institutional policy changes and legislative action. Where
explicit age limits exist in job advertisements or program eligibility criteria, removing these
discriminatory barriers requires only administrative decision-making rather than structural
reorganization. The more challenging task involves addressing implicit age biases embedded in
evaluation criteria, such as emphasis on "potential" or "early career" status that de facto privileges
younger candidates, requiring cultural transformation and modified assessment frameworks
(Zacher and Gielnik, 2014; North and Fiske, 2015).

Diversification of academic career pathways to include stable research-track positions, teaching-
focused roles, and research support positions with genuine status and security would alleviate the
"up-or-out" pressure of current tenure systems while retaining scientific talent within academic
environments (Hayter and Parker, 2019; Akerlind, 2005). However, such alternatives must avoid
becoming second-tier positions perceived as consolation prizes, requiring cultural transformation
toward genuine valuing of diverse contributions to scientific enterprise including teaching
excellence, methodological expertise, collaborative research support, and specialized technical
skills (Laudel and Glaser, 2008). The implementation of career stage evaluation criteria rather than
chronological age would accommodate diverse career paths while maintaining quality standards,
assessing candidates based on accomplishments and potential relative to opportunities rather
than time since PhD completion (Graves et al., 2011).

Funding system reforms toward more stable core institutional support rather than predominant
reliance on competitive project grants would reduce employment precarity and enable longer-
term research planning (Glaser and Laudel, 2016). Several European countries maintain
substantial core funding for research institutions supplemented by competitive grants, avoiding
the extreme dependence on project-based funding that characterizes systems like the United
States and necessitates continuous grant applications to sustain personnel salaries (Lepori et al.,
2007). The transaction costs of perpetual grant writing and review processes consume substantial
researcher time and funding agency resources that could be redirected toward actual research
activity (Guthrie et al., 2017).

Transparent workforce planning and honest communication about career probabilities should
begin early in graduate training, enabling informed decision-making rather than perpetuating
implicit promises of academic careers that most students will not achieve (Sauermann and Roach,
2012). Doctoral programs should explicitly prepare students for diverse career pathways,
incorporate professional development addressing non-academic careers, and celebrate alumni
success across varied sectors rather than implicitly privileging tenure-track positions as sole
markers of success. The cultural transformation required to genuinely value diverse career
outcomes will not occur rapidly, but institutional leadership can accelerate progress through
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deliberate messaging, curriculum reform, and resource allocation supporting broad career
preparation (Gibbs et al., 2015).

The findings of this study, combined with extensive prior literature documenting structural
dysfunctions in academic careers, provide compelling evidence that current systems are
unsustainable ethically, economically, and scientifically. The reforms necessary to transform
academic career structures toward sustainability, equity, and effective talent utilization will
require sustained effort, broad coalition building among stakeholders, and political will to
implement changes that challenge entrenched interests and established practices. However, the
costs of maintaining current dysfunctional structures—in wasted human potential, foregone
scientific progress, psychological harm to researchers, and economic inefficiency—surely exceed
the transition costs of meaningful reform (Rahal et al., 2023; Woolston et al., 2022).

Conclusions

This article demonstrates that age discrimination in academic science is not a marginal or
incidental phenomenon but a structural consequence of the contemporary academic career
pyramid. The empirical evidence presented, particularly the longitudinal analysis of EMBL alumni
career trajectories, confirms a profound and widening mismatch between the number of highly
trained scientists produced by the academic system and the limited availability of stable,
independent research positions. When this structural bottleneck is combined with explicit and
implicit age-restrictive hiring practices, the result is a systematically exclusionary system that
discards scientific talent precisely at the point of peak expertise and productivity.

The findings unequivocally challenge the legitimacy of age-based criteria in academic recruitment
and funding. The data show that the average time required to attain scientific independence has
increased substantially over recent decades, rendering common age thresholds—often set around
35 years—mathematically incompatible with contemporary career realities. These thresholds no
longer correspond to “early career” status in any meaningful developmental or competency-based
sense. Instead, they function as arbitrary filters that disproportionately penalize researchers who
have followed standard, institutionally encouraged career pathways involving prolonged doctoral
and postdoctoral training.

Importantly, the consequences of age discrimination extend far beyond individual career
outcomes. At the system level, the enforced attrition of experienced researchers generates a
continuous loss of tacit knowledge, methodological expertise, and research continuity. This
undermines long-term scientific productivity, discourages high-risk and innovative research, and
distorts research agendas toward short-term, metric-driven outputs. The academic system thus
enters a self-reinforcing cycle in which precarious employment, temporal pressure, and age-based
exclusion collectively erode the very conditions required for sustained scientific excellence.

The analysis further demonstrates that age discrimination interacts synergistically with other
structural inequalities, producing compounded disadvantages for specific groups. Women,
international researchers, caregivers, and individuals from non-elite institutional backgrounds face
systematically longer and more fragmented career trajectories, making them particularly
vulnerable to age-restrictive policies. These intersectional effects directly contradict institutional
commitments to diversity, equity, and inclusion, revealing a fundamental inconsistency between
stated values and operational practices in academic governance. Age-neutral systems that
continue to reward uninterrupted, linear career paths implicitly privilege historically advantaged
groups while excluding those whose trajectories reflect structural constraints rather than
diminished merit.

From an economic perspective, the persistence of age discrimination in academia represents a
measurable inefficiency in the allocation of public and private investment. Societies invest
substantial resources in the training of PhD candidates and postdoctoral researchers, expecting
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long-term returns in the form of innovation, technological advancement, and human capital
development. When trained scientists are systematically excluded from research careers due to
structural barriers unrelated to competence or performance, these investments fail to yield their
full social and economic returns. The documented links between R&D intensity, productivity
growth, and GDP expansion underscore that the underutilization of scientific talent is not merely
an ethical concern but a macroeconomic liability with direct implications for national
competitiveness and societal welfare.

Crucially, this study highlights that the current configuration of academic careers is neither natural
nor inevitable. Cross-national comparisons reveal substantial variation in employment stability,
funding models, and career structures, demonstrating that alternative arrangements are both
feasible and already partially implemented in certain contexts. The prevalence of extreme
precarity and age-based exclusion in some systems reflects policy choices rather than unavoidable
constraints. As such, responsibility for reform rests squarely with governments, funding agencies,
universities, and senior academic leadership.

The evidence supports a clear set of normative and policy conclusions. First, chronological age
must be eliminated as a criterion—explicit or implicit—in academic hiring, promotion, and funding
decisions. Evaluation frameworks should instead be grounded in career stage, demonstrated
competence, and research contribution, with systematic adjustment for career interruptions and
non-linear trajectories. Second, academic career structures must be diversified beyond the
singular ideal of the independent Principal Investigator. Stable research-track, teaching-focused,
and hybrid roles must be institutionally valued, adequately funded, and integrated into promotion
and recognition systems to prevent their marginalization. Third, reliance on short-term, project-
based contracts must be reduced in favor of longer-term institutional funding models that enable
continuity, intellectual risk-taking, and sustainable career planning.

Beyond structural reforms, the findings call for a deeper cultural shift in how academic success
and excellence are conceptualized. The persistent association of youth with innovation and
experience with stagnation is empirically unfounded and intellectually indefensible. Scientific
creativity, rigor, and impact emerge from cumulative expertise, collaboration, and long-term
engagement—qualities systematically undermined by enforced turnover and temporal exclusion.
Reframing excellence to value depth, continuity, and collective contribution is essential for
restoring integrity and sustainability to the scientific enterprise.

An age discrimination in academic science represents a critical fault line at the intersection of labor
policy, research governance, and societal investment in knowledge production. Addressing it
requires coordinated, multi-level action informed by empirical evidence rather than tradition or
ideology. Failure to reform current systems risks continued erosion of scientific capacity, loss of
public trust in academic institutions, and squandered generations of trained researchers.
Conversely, eliminating age-based barriers and redesigning career structures around
sustainability, equity, and long-term value offers a clear pathway toward a more resilient,
inclusive, and productive scientific ecosystem. The future of academic science depends not on
accelerating turnover but on fully enabling those who have already demonstrated the capacity
and commitment to advance human knowledge.

Recommendations

The evidence presented in this study demonstrates that age discrimination and structural
precarity in academic science are systemic rather than incidental problems. Addressing them
requires coordinated, multi-level reforms that extend beyond individual institutions and involve
governments, funding agencies, universities, and the broader scientific community. The following
recommendations are grounded in empirical findings, comparative international evidence, and
principles of equity, efficiency, and sustainability.
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Structural and Regulatory Reforms

>

Academic hiring, promotion, and funding frameworks should eliminate all explicit age-based
eligibility criteria. Chronological age is neither a valid proxy for scientific potential nor a reliable
indicator of innovation capacity or productivity. Where eligibility restrictions currently exist,
they should be replaced with career-stage—based criteria that assess applicants relative to
time actively spent in research, with formal recognition of career interruptions due to
caregiving, health, military service, migration, or non-academic employment. Legislative and
regulatory bodies should explicitly recognize age discrimination in academic employment as
incompatible with equal opportunity principles and ensure enforceable compliance
mechanisms.

Fixed-term employment regulations should be restructured to limit excessive serial contracts
and prevent prolonged precarity. National frameworks governing academic employment
should cap the duration and number of temporary contracts and require transparent
transition pathways to permanent positions. Where temporary contracts are necessary for
training purposes, their objectives, duration, and expected outcomes must be clearly defined,
monitored, and evaluated. Employment laws should prioritize employment stability as a
condition for research quality rather than treating insecurity as a default or desirable feature
of academic labor markets.

Reform of Funding and Evaluation Systems
» Research funding agencies should revise eligibility rules that implicitly reproduce age

discrimination through narrow “early-career” windows. Funding schemes should be
redesigned to evaluate scientific readiness, independence, and contribution rather than
proximity to PhD completion. Where time-based eligibility windows are retained, they must
be flexible, cumulative, and automatically adjusted for documented career interruptions,
without placing the burden of justification solely on applicants.

Evaluation criteria in grant review, hiring, and promotion should move beyond narrow
guantitative metrics that reward speed and volume over substance and originality. Excessive
reliance on publication counts, journal impact factors, and citation indices incentivizes short-
term output and penalizes researchers whose careers include interruptions or slower, more
complex research trajectories. Institutions and funding bodies should adopt multidimensional
assessment frameworks that recognize diverse contributions, including methodological
innovation, team science, mentoring, teaching, infrastructure development, and service to the
scientific community.

Diversification of Academic Career Pathways

>

Universities and research institutions should formally diversify academic career structures
beyond the singular Principal Investigator model. Stable research-track positions, long-term
staff scientist roles, teaching-intensive faculty appointments, and hybrid research—education
careers should be institutionally legitimized, adequately funded, and embedded within
promotion and reward systems. These roles must not function as informal holding positions
or “second-tier” alternatives but as respected and permanent components of the academic
ecosystem.

Doctoral and postdoctoral training programs should explicitly prepare researchers for multiple
career outcomes rather than implicitly privileging tenure-track trajectories. Transparent
communication about career probabilities, structured exposure to diverse professional
pathways, and recognition of non-Pl careers as successful outcomes are essential for reducing
stigma, improving well-being, and aligning training with labor market realities.

Equity, Diversity, and Intersectionality

>

Age discrimination must be explicitly integrated into institutional diversity, equity, and
inclusion (DEI) frameworks. Policies that address gender, race, nationality, or socioeconomic
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background will remain incomplete if age-based exclusion is left unexamined. Institutions
should systematically collect and analyze data on career outcomes across age, gender,
nationality, caregiving status, and socioeconomic background to identify compounded
disadvantages and monitor the effectiveness of interventions.

» Evaluation and promotion processes should incorporate formal adjustments for non-linear
career trajectories. Committees must be trained to assess achievement relative to opportunity
rather than absolute output, with clear guidance on interpreting productivity in the context of
career interruptions or atypical pathways. Without such structural corrections, implicit bias
will continue to undermine equity initiatives despite formal commitments.

Improvement of Working Conditions and Research Culture

» Institutions should prioritize employment stability as a prerequisite for high-quality research
and innovation. Longer-term contracts, predictable career progression frameworks, and
transparent evaluation timelines reduce chronic stress, improve mental health outcomes, and
enable researchers to engage in ambitious, high-risk projects that require sustained effort and
intellectual continuity.

» Academic leadership should actively address toxic workplace cultures that arise under extreme
competition. Clear accountability mechanisms for workplace misconduct, protections for
early-career researchers who report abuse, and meaningful oversight of supervisory
relationships are essential. Healthy research environments are not ancillary to scientific
excellence but foundational to it.

Economic and Societal Alignment

» Governments and policymakers should align doctoral and postdoctoral training capacity with
realistic projections of long-term research employment opportunities. Unchecked expansion
of PhD production without corresponding career structures represents a misallocation of
public resources and undermines trust in academic institutions. Workforce planning must be
evidence-based and responsive to long-term societal needs rather than driven solely by short-
term institutional incentives.

» Investment in stable research positions should be recognized as a high-return economic
strategy rather than a cost burden. Retaining trained scientists within research careers
maximizes returns on educational investment, strengthens national innovation systems, and
enhances resilience to societal challenges that require sustained scientific expertise.

» Directions for Ongoing Monitoring and Research

» Finally, continuous monitoring of academic career outcomes should be institutionalized
through longitudinal tracking systems similar to the EMBL alumni model. Transparent, publicly
accessible data on career trajectories, contract stability, and demographic disparities are
essential for informed policy-making and accountability. Future research should expand
comparative analyses across disciplines and regions, assess the long-term impacts of reform
initiatives and examine the relationship between career stability, research quality, and
innovation outcomes.
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Abstract

This article explores the pedagogical potential of applying artificial intelligence in the training
of future foreign language teachers in higher education institutions. The study focuses on
analyzing the impact of artificial intelligence on the development of students’ language skills, the
individualization of instruction, and the formation of professional competencies. The research is
based on a descriptive-analytical approach and involves a theoretical analysis of domestic and
international scholarly works in the fields of linguodidactics, pedagogy, and digital education. The
findings indicate that the purposeful use of artificial intelligence grounded in didactic principles
enhances the effectiveness of training future foreign language teachers. At the same time, artificial
intelligence is conceptualized not as a tool that replaces the instructor, but as a pedagogical
resource that enriches the educational process.

Keywords: artificial intelligence, foreign language teaching, future teachers, higher
education institution, pedagogical potential, digital education, personalized learning

POJIb UCKYCCTBEHHOIO UHTENNEKTA B NOATOTOBKE BYAYLIMX YYUTENEN MHOCTPAHHOIO
A3bIKA

AHHOTauuA

B cTaTbe paccmaTpmBatoTCA Nefarormyeckme BO3MOXKHOCTU MCNOIb30BAHNA MCKYCCTBEHHOIO
WHTENNEeKTa B MOArOTOBKe Oyaywmx yyuTenem MHOCTPAHHOTO A3blKa B BbICWKMX Yy4eOHbIX
3aBefeHuAxX. VccnenoBaHne HanpaBAeHO Ha aHANM3 BAMAHMA MCKYCCTBEHHOIO WMHTENNEeKTa Ha
Pa3BUTME A3bIKOBbLIX HABbIKOB CTYAEHTOB, WMHAMBMAyanu3aumto obyvyeHua u GpopmmpoBaHume
npodeccMoHanbHbIX KOMNETeHUMI. HayyHana paboTa ocHOBaHa Ha OnNMcaTeIbHO-aHAIMTUHECKOM
NOAXOAE M BKAOYAET TEOPETUYECKMI aHAIM3 OTeYeCTBEHHbIX M 3apyDerKHbIX Hay4YHbIX TPYA08 B
061aCcTV NMHIBOAMAAKTUKM, NEeAATOTMKN U UMdpoBoro obpasoBaHuMA. PesyanbTaTbl MCCAe0BaHUA
MOKa3bIBalOT, YTO Le/seHanpaBieHHoe NPUMEHEeHME WCKYCCTBEHHOrO WMHTE//JIeKTa Ha OCHOBe
ONAAKTUYECKMX MPUHLMMIOB MOBbIWAET 3PPEKTUBHOCTb MOATOTOBKM  ByayLIKMX  yunuTenen
MHOCTPAHHOTO A3blKa. MpK 3TOM UCKYCCTBEHHbIM MHTENNEKT pacCMaTPMBAETCA He KaK CPpeacTBo,
3ameHsatolLLlee NpenoaaBaTens, a Kak negarormiyecknin pecypc, oborauiatoumini obpasoBaTesibHbIM
npouecc.

KntoyeBble CNOBaA: MCKYCCTBEHHbIN MHTENNEKT, 0by4yeHMe MHOCTPAaHHOMY A3blKy, byayuime
yumTens, Bbicllee yyebHoe 3aBedeHMe, negarormyeckne BO3MOXKHOCTH, umdpoBoe obpasoBaHme,
nepcoHanM3mpoBaHHOe obyyeHune
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Introduction

The education system of the twenty-first century has undergone profound transformations
under the conditions of globalization, digitalization, and technological progress. These changes
have had a direct impact on foreign language teaching, particularly on the methodology of learning
English and other international languages. Foreign language proficiency has become a key element
in the formation of teachers’ professional competence, the improvement of instructional quality,
and the enhancement of students’ academic mobility.

The integration of artificial intelligence into the educational sphere requires a reorganization
of the teaching and learning process. Al offers opportunities for assessing language skills,
personalizing learning trajectories, providing feedback, and automatically analyzing errors. In this
regard, artificial intelligence should be regarded as an effective pedagogical tool in the training of
future foreign language teachers. However, its application is not merely a technical issue; it also
demands sound pedagogical and methodological grounding.

Moreover, the use of artificial intelligence not only facilitates teachers’ professional activities
but also makes the language development process more interactive and effective for students. Al-
based platforms are capable of automatically assessing skills such as grammar, vocabulary,
sentence structure, and listening comprehension, while offering learners targeted
recommendations. This, in turn, enables the personalization of the learning process and the design
of tasks adapted to each student’s proficiency level and learning pace.

In addition, artificial intelligence contributes to the development of future teachers’
research and critical thinking skills. With the support of Al, students can analyze learning materials,
understand their errors, and systematically improve their knowledge. Furthermore, Al enables
immersion in a linguistic environment through virtual communicative situations and simulations,
enriching experiences in speaking, listening, and text production in a foreign language. This
strengthens the professional competence of future teachers and ensures their preparation in
accordance with contemporary educational requirements.

Artificial Intelligence and Foreign Language Teaching: Theoretical Foundations

Artificial intelligence represents a set of technologies aimed at modeling human cognitive
abilities such as thinking, learning, and decision-making within computer systems. In the
educational context, Al enables the personalization of instruction, the adaptive delivery of learning
materials, and the optimization of the learning process by taking into account learners’ individual
abilities.

In foreign language teaching, artificial intelligence—through natural language processing
(NLP), machine learning, and language models—creates opportunities to analyze learning
materials at grammatical, lexical, and discourse levels. This contributes to the development of new
interactive formats that support the enhancement of students’ language skills.

While traditional instruction is largely teacher-centered, Al-based learning strengthens a
learner-centered approach. By analyzing students’ learning pace, errors, and achievements, Al
provides individualized recommendations, thereby facilitating the implementation of the
principles of personalized learning.

Artificial intelligence also enhances feedback mechanisms between teachers and students
in foreign language education. By analyzing learners’ linguistic performance, Al identifies specific
errors, offers corrective feedback, and explains their underlying causes. This process not only
reduces teachers’ workload but also enables students to understand and independently correct
their mistakes. As a result, learning effectiveness increases, and the rate of language skill
acquisition is accelerated.

Moreover, Al contributes to the development of communicative competence by creating
virtual language environments. Through interactive tasks, simulations, chatbots, and role-playing
activities, students gain practical experience in speaking, listening, and writing in a foreign
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language. When integrated with instructor guidance and supervision, such technologies enhance
the professional competence of future foreign language teachers and ensure their preparation in
accordance with contemporary educational requirements.

Pedagogical Potential of Artificial Intelligence in Training Future Foreign Language Teachers
at Higher Education Institutions

The key pedagogical potentials of artificial intelligence include:

Personalized Learning: Given the diverse levels of students’ language proficiency, cognitive
styles, and motivation, Al provides individually adapted tasks tailored to each learner’s needs.

Immediate Feedback: Al can automatically detect and explain errors in both written and
spoken language. This not only reduces the instructor’s workload but also fosters students’” ability
for autonomous learning.

Development of Communicative Competence: Through virtual interlocutors and dialogue-
based simulations, students can practice in authentic language environments, enhancing their
real-world communicative skills.

Enhancement of Academic Language Skills: Al supports the development of academic
writing abilities by analyzing scholarly texts, checking terminological consistency, and evaluating
the structure of argumentation.

The Role of the Teacher and Artificial Intelligence

Artificial intelligence does not replace the teacher; rather, it elevates the teacher’s role to a
new level. The instructor is no longer solely a provider of knowledge but assumes the roles of
designer, facilitator, and evaluator within the learning process.

Teacher Responsibilities:

e Pedagogically interpreting Al tools;

e Upholding ethical standards and academic integrity;

e Supporting students’ critical thinking and independent learning skills;

e Enhancing digital and methodological competencies.

Al transforms the interaction between teacher and student, positioning the teacher as an
observer, analyst, and organizer of feedback.

Furthermore, Al enables instructors to monitor the learning process more effectively. By
automatically analyzing students’ progress, errors, and academic performance, teachers can make
data-driven strategic decisions. This facilitates the personalization of learning materials, the
provision of additional resources, and the targeted support of each student’s needs, thereby
improving educational quality.

The use of Al tools also enhances teachers’ creative potential. By automating routine tasks,
instructors can dedicate more attention to analytical and pedagogical aspects. Additionally, Al
enables interactive learning experiences through virtual simulations, interactive exercises, and
chatbots, increasing student engagement and enriching the collaborative learning environment
between teacher and learners.

Discussion

Theoretical and practical analyses indicate that artificial intelligence possesses significant
pedagogical potential in the training of future foreign language teachers. However, this potential
can only be fully realized when didactic principles are carefully observed. Mechanical or uncritical
use of Al may fail to have a comprehensive impact on students’ linguistic and cognitive
development.

Institutional support, teachers’ digital competence, and methodological preparedness are
decisive factors for effective Al implementation. To ensure optimal use of Al, it is essential to:

e Develop specialized methodological models;

e Train instructors in digital competencies;

e Implement monitoring of learning outcomes and personalized instruction.
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During Al-assisted instruction, it is crucial to preserve the authentic nature of language
communication, as well as the cultural, social, and interpersonal contexts.

The integration of Al into the learning process must be aligned with pedagogical ethics and
academic integrity. Students should use Al tools strictly as auxiliary resources, while actively
developing their own knowledge and critical thinking skills. Such an approach strengthens the
teacher-student relationship, makes the educational process more interactive and effective, and
fosters the professional and personal competencies of future teachers.

Conclusion

The findings of the study indicate that artificial intelligence holds significant pedagogical
potential in the training of future foreign language teachers. Its main applications include:

e Personalization of instruction;

e Provision of immediate and continuous feedback;

e Enhancement of students’ linguistic and cognitive engagement;

e Development of academic and professional competencies.

The effectiveness of Al is realized through its alignment with didactic strategies and the
professional competence of the instructor. In the future, it is essential to pilot Al-based
instructional models, conduct practical trials, and train instructors in digital competencies. These
measures can provide a foundation for the sustained improvement of higher education quality
and the effective development of students’ scientific and cognitive potential.

To assess the concrete effectiveness of Al in training future foreign language teachers,
various research findings have been considered. For instance, Al-based platforms enable
systematic monitoring and correction of students’ grammatical and lexical skills, increasing
instructional efficiency compared to traditional classroom methods. Moreover, personalized tasks
and automated feedback enhance students’ learning motivation and facilitate rapid correction of
language errors. International experience demonstrates that the use of NLP and language models
significantly improves students’ writing and speaking abilities. Pilot projects in Kazakhstani higher
education institutions have shown that Al application contributes to the development of critical
thinking, self-monitoring, and research skills among students.

Furthermore, the effectiveness of Al depends not only on technological implementation but
also on the presence of a sound pedagogical and methodological foundation. Research indicates
that the degree of integration between the instructor’s didactic strategy and Al tools directly
affects students’ learning outcomes. For example, if Al is used solely for automated assessment,
students’ creative and communicative skills may not develop adequately. Therefore, in the future,
when implementing Al-based instructional models in Kazakhstani universities, it is essential to
develop methodological guidelines, provide instructor training, and systematically monitor
students’ learning outcomes. Such a comprehensive approach will maximize the pedagogical
potential of Al in the training of future teachers and ensure the sustained enhancement of higher
education quality.
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AHHOTALMNA
Mepunoa NepBoro Kypca- 3To He NPOCTO CMeHa CTaTyca, @ MHOTOKOMMOHEHTHasA aanTaumsa K
HOBbIM aKaJeMMWYECKMM HOPMaM, COLMaNbHbIM NPaBUiamM M NOBbLILLEHHOW aBTOHOMMM. B cTaTbe
PacCMaTPMBAETCA, KaK OpraHM30BaHHas BHey4yebHaa AesTeslbHOCTb- TO eCTb CTPYKTYPUPOBaHHbIE
aKTMBHOCTM BHE ayAMTOPHbIX 3aHATUA (KAyDbl, HACTaBHMYECTBO, y4yebHble coobllecTsa,
TbIOTOPCKME MPAKTUKKM, MPOEKTHbIE KOMAH/bI), MMeloLLMEe LUEen, PerNaMeHT U COMPOBOXKAEHNE -
BO3/€MCTBYET Ha MPOLECChl aJanTaumm NepBOKYPCHMKOB. TeopeTMyecKas pamka obbeamHseT
KNlacCMYecKme MoaeNn yaepKaHUA N BOBNEYEHHOCTH, TAE KNHOYEBbLIMM BbICTYNAOT akaAeMMnYecKan
M couManbHas MHTErpaumsa, a TakKe KayecTBO B3aMMOAEWCTBMI CO cpeaol yHuBepcuTeTa. Ha
OCHOBE METAa-aHa/IMTUYECKUX U SKCNEPUMEHTANbHbIX UCCNef0BaHWA B BbicleM 0Opa3oBaHUM
GOpPMYNMPYHOTCA TP OCHOBHbIX MexaHW3ma BanarHua OB/ (1) dopmmpoBaHMe NPUHAANEKHOCTU
W noadepKuBatoWwmMx ceazen, (2) ycuneHwe NOBEAEHYECKOM BOBAEYEHHOCTM W y4yeHHON
ANCUMNANHBI Yepes CTPYKTYpUpOBaHMe BpemeHM, (3) HapalMBaHWe NCUXONOTMYECKMX PeCcypcoB
(camoapPeKTUBHOCTb, aJanTMBHbIe aTpubyumn, ydebHas camoperynsuma). [peanoxeHa
npuknagHaa moaens «OCA-Adaptive Cycle» ona yHMBEpPCMTETOB: AMArHOCTMKa noTpebHocTein
NepBOKYPCHUKOB, MOAY/bHOE NpoekTMpoBaHne OB/], HU3KONOPOrOBbIN PEKPYTUHT, MOHUTOPUHT

PMCKOB Neperpyskn U CMelaHHaA OUEeHKa pesynsTaTos.

ABSTRACT

The first year of university is not merely a change of status but a multicomponent process of
adaptation to new academic norms, social rules, and increased autonomy. This article examines
how organized extracurricular activities (OEA)- that is, structured activities outside the classroom
(clubs, mentoring, learning communities, tutoring practices, project teams) with defined goals,
regulations, and institutional support- influence the adaptation processes of first-year students.
The theoretical framework integrates classical models of retention and engagement, in which
academic and social integration, as well as the quality of interactions with the university
environment, play a central role. Drawing on meta-analytic and experimental research in higher
education, the study identifies three key mechanisms through which OEA exert their effects: (1)
the formation of a sense of belonging and supportive ties, (2) the enhancement of behavioral
engagement and academic discipline through time structuring, and (3) the development of
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psychological resources (self-efficacy, adaptive attributions, and academic self-regulation). An
applied model, the “OEA-Adaptive Cycle”, is proposed for universities, encompassing the diagnosis
of first-year students’ needs, modular design of extracurricular activities, low-threshold
recruitment, monitoring of overload risks, and mixed-method outcome evaluation.

KntoyeBble  cnoBa:  MepBOKYPCHWKWM;  aganTaumda;  OpraHM30BaHHas  BHeyvebHanA
NeATeNbHOCTb; BOB/IEYEHHOCTb; HACTABHMYECTBO; y4ebHble co0bLLEeCTBa; OUeHKa 3P PEKTUBHOCTMY;
BbiCLlee obpa3oBaHue

Keywords: first-year students; adaptation; organized extracurricular activities; engagement;
mentoring; learning communities; effectiveness assessment; higher education.

BeeneHue

MNepexos B yHMBEPCUTET Ha MEPBOM Kypce BbIMAAMT Kak “0bbiuHan” obpasosatesnbHas
TPAaeKTOpMA TONbKO Ha pPaCCTOAHMM. B peanbHOCTM OH YCTPOEH KaK pe3Kas CMeHa
MHCTUTYUMOHANbHON KyNbTypbl: CTYAEHTY HYXXHO OCBOMTb HOBblE MpPaBMIa OUEHWBAHWMA, MHOM
TemMn y4ebHOM HarpyskuM, HE3HAKOMYK CUCTEMY KOMMYHUKaUMWM C MNpenosaBatenimm wu
aAMUHUCTPAUMEN, @ NapannenbHoO - BCTPOMTbLCA B COLMANBHYIO TKaHb Kamnyca, He noTepas
y4ebHyt0 HanpaBNEHHOCTb. B KnaccnyecKom TeopeTUYeCKOM NepcneKkTmBe yaepKaHue CTyAeHToB
CBA3AHO C TeM, HACKO/IbKO ycrnewHo GopMMpyeTCcA akaAeMMUyecKaa 1 CoLManbHaa MHTerpauma-
MHBIMM CNI0BaMW, HACKONbKO CTyAeHT “BpactaeT” B y4yebHble UM MEX/IMYHOCTHbIE KOHTYpPbI
yHuBepcuTeTa [1].

Ha atom ¢doHe opraHn3oBaHHas BHeyYebHan geatensHocTb (OB/) npeactasnseT coboi He
“nocyr paau gocyra”, a ynpasnsaemyro MHOPaCTpyKTypy agantaumn. B oTanymne oT CMOHTAHHOIO
obueHua, OB nmeeT Nporpammy, poaun, peryaapHoOCTb M 4acTo- NeAarorMyecknin 3amblicen: 3To
MOXeT OblTb HaCTaBHM4YecTBO, y4ebHble coobuiecTBa, KAybbl MO MHTEpecam C KypaToOpCTBOM,
CTYAEHYECKME HayYHble rpynmbl, BONOHTEPCKME NPOEKTbI, AebaTbl, NPOEKTHble KOMaHAbI. B pamKax
KOHLENUMn1 BOBAEYEHHOCTM BAXKHO HE KONMYECTBO aKTMBHOCTEM, @ Ka4eCTBO Y4aCTUA U CTeneHb
NCUXONOTMYECKOM 1 NOBEeAEHYECKON BKAOYEHHOCTM CTyAeHTa B 06pa3oBaTenbHyto cpeay [2].

Llenb ctaTbu - pa3paboTaTb [AOKasaTenbHyto Mogenb BauAnua OB Ha aganTtauuio
NepBOKYPCHUKOB B YHMBEPCUTETCKOM Cpeae.

MnoTesbl:

H1- OB/, noBsbilwaeT agantauymio Yepes pocT NPUHAANENKHOCTN U NOAAEPHKMUBAIOLLIMX CBA3EN
B Kamnyce.

H2- OB/l BanAeT Ha aanTaunto Yepes NoBeAeHYECKY0 BOBNEYEHHOCTb M CTPYKTYPUPOBaHME
y4eOHbIX NPUBbIYEK.

H3- OB/l ycMAMBaET NCMXON0rMYeckme pecypcbl (camoaddekTUBHOCTb, CaMOPEeryaaLmsa), 4to
onocpeayeT CBA3b C aganTaumen.

MaTepuansl 1 meToapl

JluzaliH uccnedosaHus

Mpennaraetcs AM3alH, KOTOPbIM  MOMET ObiTb peann3oBaH YHUBEPCUTETOM  KakK
MHCTUTYUMOHANbHOE MCCNe0BaHMe KayecTBa 06pa3oBaHumA:

e TUN: KBA3N3KCNEPUMEHT C cornocTaBneHmem rpynn (y4acTHuknm OB/l vs Hey4yacTHUKK) +
KOMMNOHEHT “ecTecTBEHHOro 3KcnepumeHTa” npu  HaAMYMM  PaHAOMMU3MPOBAHHbBIX
aNeMeHTOB (Hanpumep, pacnpegeneHne B y4vebHble coobuiectBa WAM obA3aTeNbHble
BBOAHbIE MOAyNM). JTorMKa ONMPaEeTCcAa Ha BblBOAbI, YTO HabatoaaTeNbHble OLEHKM Y4acTo
3aBbIWAtOT 3QPEKT 13-3a CaMOCENEKLUMN, @ SKCNEPUMEHTA/IbHbIE AM3aliHbl HEPEAKO AatoT
Honee Tpe3BYO KAaPTUHY.

e [lepuoa: 1 cemecTp (MUHUMYM) + KOHTPONIbHOE M3MepPEeHMe Ha KoHLUe 1 Kypca.

e EaWHMUA aHanm3a: CTy4eHT NepBoro Kypca.
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ApanTauma TPaKTYeTCA KaK KOMMAEKC W3 aKaZeMUYeCKOW, COUMaNbHOW W JIMYHOCTHO-
3MOULMOHANbHOM COCTaBAAWMX. N8 U3MEPEHMS MOTYT NPUMEHATLCA CTaHAAPTM3MPOBAHHbIE
MHCTPYMEHTbI “afantaumm K Koanedxy”, BaiMAHOCTb CTPYKTYPbl KOTOPbLIX MNPOBepsnach B
nccnenoBaHMAx ¢ GakTopPHbIM aHanm3om [9].

OueHKa Kosapuam u KOHMpPose cmeuweHul

YT106bI MMHMMW3NPOBATL UCKAXKEHWSA:

* YUMTHIBAIOTCA MCXOAHbIE aKaZeMMYyeckme rnokasaTenu (BxoaHble 6annbl, pesynbraTbl
ONarHOCTUK),

® COLMAIbHO-MCMXO/IOTMYECKME XapPaKTEPUCTUKM (CTpecc, CamoapdeKTUBHOCTD),

® 3aHATOCTb M MHAHCOBAs HarpysKa,

* “nosa yvyactns” 8 OB/l (4acToTa, posib, ANUTENLHOCTD).

Apantauma NepBOKYPCHMKA He CcBOAMTCA K ycneBaemocTu. OHa CKnadblBaeTca U3
HECKO/IbKMX ~ B3aMMOCBA3AHHbIX  KOHTYPOB:  aKaZeMMYecKoro, COUMAAbHOrO, JIMYHOCTHO-
3MOUMOHANBHOIO W MHCTUTYUMOHaNAbHOTO. Tabnvua 1 BbINOMHAET PONb OnepaumoHasbHOro
“cnoBapsa”: oHa nepeBOAUT TEOPETUYECKUE MOHATMA B MHAMKATOPbI M MOKa3biBAaET, Ha KaKkue
KOMNoHeHTbl OB/l MoKeT BO34eMCTBOBATb C HaMbobLEeN BEPOATHOCTbLIO.

Tabnnua 1. OnepaumoHanbHaa CTPYKTypa aaanTalmMm NepBoKypCHMKa

KomnoHeHT CopeprKaTtenbHoe Mpumep nHamkatopos | Ponb OB/

ajantaumm A400 (n3mepsaemble)

Akapemnyeckas OCBOEHMe NoCelaeMOCTb, BbINONHEHWE | 3a4aET CTPYKTYypy
TpeboBaHMM W | 3a4aHWUIA,  camoperynsuma, | BpemeHu 7
y4ebHbIX NPaKTMK y4ebHble cTpaTernm NPaKTUK

CoumanbHas BKJ/TIOYEHHOCTb B | uncno YCTOMYMBLIX | CO30QET
CBA3M M HOPMbI | KOHTAKTOB, yyactme B | couManbHble
Kamnyca rpynnax, cybbeKkTMBHaA | “moctbl”

NPUHAANEKHOCTb

JInyHOCTHO- cTpecco- camoaPpPeKTUBHOCTD, dopmmpyet

9MOLMOHa/IbHasA YCTOMYMBOCTb, YCTaNoCTb, CyObEeKTMBHAA | NCUXON0rMYecKme
YBEPEHHOCTb, a[anTUPOBAHHOCTb pecypcbl
6narononydne

NHCTUTYUMO- KOHTaKT C | obpalleHns 3a NoAAEPIKKOM, | CHUNKaET

Ha/ibHanA npenoaaBaTeAMN U | 3HaHWE NPaBUa U PecypcoB “bapbepbl Bxoaa”
cepsucamm

Tabnmua 1 nos3BondeT u3bewaTb TUMNMYHOM OWKOKKM, Koraa Atobyrd  aKTUBHOCTb

aBTOMATUYECKM CYMUTALOT “yaydlatollein agantaumo”. PasHble dopmatel OB/ 3aTparnsatoT pasHble
KOMMOHEHTbI: KNyObl Yalle YCMAMBAOT COUMANbHYIO WHTerpaumio, yyebHble coobuiectsa -
aKaeMMYeCKylo AUCUMNAMHY, HACTaBHMYECTBO - MPUHAANENKHOCTb U obpalaemocTb 3a
noaaepkkon. CnefosatenbHo, 3GdeKT NPorpaMmmbl NOTMYHO OLEHWBATL HE TOIbKO MO UTOrOBbIM
pe3ynbTaTaM, HO M NO TOMY, KaKOM KOMMOHEHT aZanTaumm Obin LenesbiM U U3MEHUACA 1N OH B
TeyeHne cemectpa. YTobbl OB/l Oblna ynpaBnaemMom, eé HyXXHO OMMCbIBaTb KaK LMK/, @ He Kak
Habop MeponpuATUIA. YHMBEPCUTETCKMI 3bdEeKT BO3HMKAeT Toraa, Korga ecTb AMarHOCTMKa
HbapbepoB NepBOKYPCHMKOB, noabop dopmata nod 3T 6apbepbl, HU3KOMOPOrOBbIA BXOA M
COMPOBOXAEHME, @ 3aTEM MOHUTOPUHI MEXAHM3MOB M KOPPEKTMPOBKA. PUCYHOK 1 MOKasbiBaeT
MMEHHO TaKyto MPUYNMHHO-MPOLECCHYIO IOTMKY: OT BXOZAA CTYAEHTa B HOBYIO Cpeay K M3MepsemMbim
MexaHn3mMam (MpMHaaNeKHOCTb, BOBNEYEHHOCTb, CaM0O3ddEKTMBHOCTb) M Aablie K aAanTaumum 1
MCcxodaMm.
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PucyHok 1. Mopenb « OCA-Adaptive Cycle»

PucyHoK 1 nmoavépKkmeaeT ABa npuHumMna. MNepsbii- OB BAMAET Ha afganTauMto Npexae
BCEro Yepes MexaHW3mbl, MO3TOMY MX HYXKHO M3MEePATb, MHaye Nporpamma ocTaHeTcs “4épHbiM
AWMKOM”. BTOpOM - KayecTBO BXOAa KPUTMYHO: Be3 ACHbIX NPaBWA y4aCTMs M CONPOBONKAEHMA
aKTMBHOCTb 0OCNYXKMBAET B OCHOBHOM Y¥Ke afanTMpoBaHHbIX. LIMKA TakKe BCTPOEHHO yYMTbIBAET
PUCK Meperpysku: BOBNEYEHHOCTb MO/ME3Ha, MOKAa OHa He paspyluaeT yy4ebHbI pexum. ITo
NoABOAUT K 0OCYKAEHMIO 10KA3aTENbCTB U FPaHML, yBEPEHHOCTM.

Pesynbtathl
MeTa-aHanm3 no BOBAEYEHHOCTM CTYAEHTOB B BbiCLieM 0OpPa30BaHMWM MOKA3bIBAET, YTO
KayecTBO OTHOWeEHWM “npenogasatens - CTyaeHT” W NoAJdeprkuBalollee MoBedeHMe
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npenogasaTens CBA3aHbl C BOBAEYEHHOCTbIO Ha YPOBHE YMEPEHHbIX KOPPeNALmMit; B YaCTHOCTH,
coobuatotca 3HavyeHns R = 0,456 ans oTHoweHus “npenogasatenb- ctyaeHT” n R = 0,419 ana
NO3UTUBHOIO NOBeAEHMA NpenoaasaTens, a basa AaHHbIX BKAoYaeT 93 188 yyacTHUKoB [8]. 310
BaXKHOe noAaTBep)aeHue Toro, yto OB/l, rae npuCyTCTBYeT TbtOTOPCTBO, HACTAaBHWMKM WM
KypaTopbl, NOTEHUMANbHO “BCTpamBaeT” CTyAeHTa B COLMaNbHO-aKaaeMMUYecknin nHtepdeic, He
OCTaBAAA €ro OAMH Ha OAMH C CUCTEMOW.

MeTogonornyeck 0630pbl MO COLMANBHO-NCUXONOTUHECKMM MHTEPBEHLMAM B KOANEXKe
KOHUEHTPMPYIOTCA Ha PaHAOMM3MPOBAHHbLIX WMCCNEAOBaHMAX M MOKA3blBAtOT, YTO 3PdeKTbl
yMepeHHble, HO 0COBEeHHO NoNe3Hbl ANA TPYNN PUCKA; NPU 3TOM PEe3yNbTaTUBHOCTb 3aBUCUT OT
MHCTUTYUMOHANbHOIO KOHTEKCTa U YC/NIOBUM BHeApPEHMA. OTctoga cneayeTr MNpUHUMN:
YHUBepcanbHas “akTMBHOCTb Ana  Bcex” 4acTo NPOMUTPbIBAeT  adanTMBHbIM — opmaTam,
OPMEHTMPOBAHHbBIM  HA  KOHKpeTHble 6Hapbepbl  MEepBOKYPCHWKA.  PaHAOMW3MPOBAHHOE
nccnenoBaHue yyebHbix COOBLECTB MOKA3ano, UTO 3SKCMEepMMEHTaNbHAA OUEHKA MOXKET He
obHapyuTb addeKTa, Toraa Kak HabaogaTenbHble NoaxoAbl AEMOHCTPUMpPYT “60onblune U
3HauMmble” addeKTbl MUMEHHO M3-3a HeCy4alHOro oTbopa CTyAeHTOB.

Tabnnua 2. MaTpuua AOKa3aTeNbCTB A8 NpoeKkTnposaHmna OB/,

JInHnAa YTO yCTaHOB/IEHO MeToaonormn-yecKkaa Y710 BpaTh B AMN3aH
[0Ka3aTebCTB OroBOpKa OB/
BOBAEYEHHOCTb M | BOBAEYEHHOCTb CBA3aHA BaXHbl KOHTEKCT U KypaToOpCTBO,
cpeaa C KaYeCTBOM OTHOLLIEHMI n3MepeHma HaCTaBHMYECTBO,
1N NoAaepPKKOM Masble rpynnbl
AganTauma Kak | aganTaumsa MHOTOMepHa | TpebyeTca BanAHbIN perynapHble
npeanKTop M CBA3aHa C NHCTPYMEHT n3MepeHma
yaeprKaHUeEM U adanTaunm
OLEHKaMm
NHTepBEHLMN addeKTbl 3aBUCAT OT NepeHoCMMOCTb cermeHTauma
TOro, KOMY M KakK orpaHun4yeHa NepBOKYPCHMKOB
BHeApAT
YyebHble RCT moxKeT gaBatb CpaBHeHWe NoAxXoA0B | AM3aliH C KOHTPOEM
coobulectsa HyneBol adpdeKT npu 06A3aTeNnbHO camoceneKkumm
ceneKkumnm

MaTpuua nokasbiBaeT, 4To apdekTnBHOCTb OB/, 3aBUCKT He OT Ha3BaHMA dopmaTa, a oT
NPOEKTHOM AUCUMNAMHBI: PEryniapHOCTb, PO/Jb HOBMYKA, MOHATHbLIA BXOZ, MNOATOTOBAEHHbIN
KypaTop, CBA3b C y4ebHOM peanbHOCTbI0. bes 3Tux ycnosuit OB, MOXKET yCMAUTb He afanTauumto, a
NONAPU3ALMIO: YBEPEHHbIE CTYAEHTbl NONYYalOT ele Bosblle PecypcoB, a yA3BMMble OCTAtOTCA 33
6opTOM. ITO OCOBEHHO KPUTMYHO AONA MEepBOro CEeMEecTpa, Koraa CTyAeHT elle He OCBOMWA
coumanbHble Koabl YHWMBEPCUTETa. 103TOMy chnpaseavMBbIM AOCTYN A0/MKeH ObiTb BCTPOEH B
AM3alH, @ He OCTaB/IeH Ha COBECTb Y4ACTHUKOB.

Ob6cyaoeHne

MexaHn3m 1. MpUHaANEeXKHOCTb KaK aHTUAOT M30NALMM NEPBOKYPCHMKA
JKCNepuMeHTabHble  UCCNeA0BaHMA  “MPUHAANENKHOCTM”  MOKa3blBAlOT, YTO  KOPPEKTHO
YCTPOEHHble BMeLLATeNbCTBA CNOCOOHbI MEHATH TPAEKTOPUM aKaAeMMYECKOro NOBeAEHMA Yepes
CHMXXEeHMe YyBCTBA COLMANbHOM UCKAOYEHHOCTM. COBPEMEHHbIE CMCTEMaTMYecKne 0H630pbl Mo
NPUHAANEKHOCTM B BbicLieM 06pa30oBaHMM NOAYEPKMBALIOT, YTO IPPEKT HE BO3HMKaET “cam”: OH
OMNMPAETCA Ha KOHKPETHbIE NPaKTUMKK Cpebl M Ka4eCTBO BK/IOUYEHMA CTyAeHTOB. B aTom mecTte OB/l
BbICTYMAET KaK TEXHO/IOTMUYECKMI KOHTYP: OHa CO34aET He NPOCTO “KOHTaKTbI”, @ YCTONYMBbIE PON
M HOPMbI Y4aCTUA, rae y NePBOKYPCHMKA NOABAAETCA NPABO Ha BONPOC, OWMOKY 1 NOAAEPHKKY.
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MexaHun3m 2. NoseaeHYeckas BOBNEYEHHOCTb U y4ebHble MPUBLIYKK

Korga OB/ cOOEpsKWUT CTPYKTYPUPOBAHHbIE Yy4YebHble 31eMeHTbl (HaCcTaBHWMYECTBO MO
y4eOHbIM CTpaTernam, CECCMOHHbIE 3aHATUS C ydacTMem obydatolmxca-HactaBHUKoB (PASS),
TbIOTOPCKME MPAKTUKM), OHa paboTaeT He KaK “MOTMBALMOHHLIM MaakaT’, a Kak TPeHMpPOBKa
noseaeHYecknx naTrepHoB. [pakTtmka PASS B Bbicliem 06pa3oBaHWMM pPacCMaTPMBAETCA Kak
COUMaNbHO OPraHM30BaHHaA GopmMa y4ebHOro y4acTuma, rae y4ebHan AeATeNbHOCTb NpeBpallaeTca
B HOPMY rpynmbl, @ He MHAMBWAYANbHbIA NOABWT.

Mpn  3TOM  3MNMPUYECKMEe  AaHHble MO KOKYOPPUKYASAPHbIM  MpOrpaMmmam,
OPMEHTMPOBAHHBIM Ha KOHKPETHble y4yebHble HaBblKM, AEMOHCTPMPYIOT CBA3b C YAyYlEHUEM
aKaZleMMYeCKOW pPe3ynbTaTUBHOCTM U yAepXKaHuAa B MepBOM rody obyyeHWs, HO BarkHeMlee
yCnoBme- YETKAA CTPYKTypa 1 PerynapHoOCTb.

MexaHnam 3. CamoapPeKTUBHOCTb W TMCUXONOTMYECKME pPecypchbl Kak  “aAsuraTens
agantaumnmn”

JIOHIUTIOAHbIE MCCNeAOoBaHMA MOKA3blBAOT, YTO aKaZdemuyeckas CcaMoadpdeKTUBHOCTb
CBA3aHa C aganTtaumert M y4ebHbIMM UCXOO4AMM NEPBOKYPCHWKOB. bonee wWMpokne meTa-
aHanuTU4Yeckme 060OLLEeHNA NOAYEPKMBAIOT: MCUXONOTMYECKME KOPPenAaTbl YyCreBaemoCTu
MHOTOKaHa/lbHbl, 1 MHOTME U3 HUX “paboTatoT” Yepes nosedeHWe, a He Hanpamyto. NMostomy OB/,
4TOObl ObITH HE AEKOPATUMBHOM, AOMKHA YCUIMBATL MMEHHO MPAKTUKM, KOTOPble NOAKPENNAOT
caM0o3dPEKTUBHOCTb: Masible nobenpl, o6paTHaA CBA3b, ACHbIE OXWMAAHWA, PONb HACTAaBHUKA,
coumanbHoe NoATBEPKAEHWE Nporpecca.

3aksoveHve

OpraHun3oBaHHa“A BHeyyebHaa  [AeATeNbHOCTb  MOMET  PacCMaTpPMBaTbCA Kak
BOCMPOWN3BOAMMbIA MHCTPYMEHT NOAAEPKKM a4aNTaLMM NEPBOKYPCHUKOB NPU YCAOBUK HETKOrO
NPOrpamMHOro An3alHa 1 BaaMAHOM OUEHKN. Ee BAnAHME peannsyeTca NpemmyLLeCcTBEHHO Yepes
TPU MeXaHM3Ma: yCWaeHMe YyBCTBA MNPUHALNEKHOCTM M MOAAEPKMBAIOLWLMX CBA3EW, POCT
NnoBeAgHYEeCKON BOBNEYEHHOCTU U y4eDHOW ANCUMNAMHDI, @ TaKXKe NOBbIEHWE aKaZeMNYecKon
caMo3ddeKTMBHOCTM M camoperynaumun. [lpu  3Tom  oxuaaemble 3OPeKTbl B BbICLIEM
0b6pa3oBaHMM, KaK MNPaBWAO, YMEPEHHble W KOHTEKCTHO 3aBUCMMble, a HabatogaTenbHble
CPaBHEHMA YYAaCTHWMKOB W HEYYaCTHMKOB YA3BMMbl K CMELLEHMI0 M3-332 CaMOCeNeKLUN.
CnepoBaTtenbHO, oueHKa 3GEKTUMBHOCTM AOMKHA BKAOYATb HaA30Bble M3MEPEHMA, KOHTPO/b
KoBapuaT M y4eT A03bl yyactua, a cama OB/l- 6biTb MOAY/IbHOM, aApecHOM MU COMPOBOXAATLCS
KOHTYPOM NPOdUNAKTMKM NeperpysKku.
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*AIMNbI OPTA BINIM BEPETIH MEKTEMNTE
AFBIILLBIH TIAI NSHIH OKbITYAA APT
TEXHOMTOTUACHIH KONAAHYAbIH
TUIMAINIT: COVMNEY OAFABINAPBIH
NAMBITYFA APHAIFAH ART MOZE/IHIH
SMICTEME/IK HETI3I

Tynekewesa 3anga ongackaanKkpisbl

2 KypcC cTyAeHTi, batbic Ka3aKcTaH MHHOBAUMANBIK-TEXHONOTUABIK yHUBEepcuTeTi, Opan
K., KazakcraH

Xaxranunesa NynbHap Xabaoi1KakMMoBHa

neAarornka fblbiIMaapblHbiH KaHAnAaTbl, PhD, batbic Ka3aKkcTaH MHHOBALMANBIK-
TEXHONOMMANBIK yHUBepcuTeTi, Opan K., KasakcTaH

AHZaTna. AfbIIWbIH TiNiH MEKTeNTe OKbITyAafbl eH, KypAeni MmaceneHin, 6ipi - OKyWbIHbIH,
6inreH cesiH, MeHrepreH rpaMmMmaTUKasbIK EPEXKECIH HaKTbl Colney apekeTiHe alHanAblpa aamaybl.
Ken »karmarnaa oKyLlbl TancblpMaHbl TYCiHe, KaxkeTTi ce3aepai TaHnabl, 6ipak CbiHbIN anabiHAA
EpKiH ceineyre, oMbliH blAJaM KypacTbipyfa, CEPIKTECIHIH, ayabblHa Tabufn Typae YH KocyFa
KMHanaabl. byn xafaan arbiWbiH Tini cabarblHAa COMNeyi TEK XKaTTbIFy apKbl/ibl EMEC, OKYLLbIHbIH,
Kabblnaaybl, dMOLMACHI, OMbl aHe TiNAiK AanbiHAbIFbl DIPIKKEH aAicTEMENIK Kyhe apKblibl
OAMbITY KaxkeTTiriH  kepcetedi. Ocbl MaKanaga apT TExXHONOIMAChbl cenney [AafablCbiH
Ka/bINTaCTbIpyAblH, TUIMAI Kypanbl peTiHae KapacTblpbiabin, ART mogeni Artistic stimulus,
Reflective rehearsal, Task-based transfer keseHpepi HerisiHAe yCbiHblNaAbl. KepKkem CTUMYN
OKYLIbIHbI OMNaHyfa, 0alKayfa KoHe TaKbIpbiNKa Xeke KaTblHac 6ingipyre ketenenai;
pebneKkcUAnbIK AabIHAbIK CO3AIK TipeK, cennem yarinepi, anTbiAbIM KaTTbIFyNAPbl KaHE Kepi
HalnaHbIC apKblbl cenneyre CeHiMAINIK KanbiNTacTbipabl; KOMMYHMKATUBTIK TamncbipMma KeseH;
JaniblHOaNfaH TiAAIK maTepuanabl Penfik OMbiH, SHrimeney, nikipTanac, cyxbaT Hemece
npeseHTaumMa TypiHAeri HakTbl aybi3lla eHimre alHanaplpadbl. Makanaga ART cabafblHbiH,
aNropuTMI, cenney KepceTKilWTepi, baranay enWemaepi »aHe MyFanim Taxipnbecinae KonaaHyFra
6onaTblH TancblpMmanap yMeci ycbiHblAaabl. APT TEXHONOMMACBIHbIH, HACTbl KYHAbINbIFbI -
OKYLUbIHbI »Kail faHa KbI3bIKTbIpyAa eMec, KepkeM Kabblngay MeH MakcaTTbl celney apeKeTiH
HalNaHbICTbIPbIN, afblWbIH - TiAIHAEr aybi3la KapblM-KaTblHACTbl TabWfM, CeHIMAI KaHe
MafblHaNbl eTyiHAe.

TyliH ce3fep: apT TEXHONOMMACHI, afblAlWbIH TiNi, celney Aarabicbl, ART moaeni, Kepkem
CTUMYAN, pedneKkcHanblK AanbiHAbIK, KOMMYHMKATMBTIK Tancblpma, drama-based pedagogy,
KOMMYHWKATUBTIK Ky3bIPETTINIK, *Ka/iNbl OpTa MEKTen.
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THE EFFECTIVENESS OF USING ART TECHNOLOGY IN TEACHING ENGLISH AT A GENERAL
SECONDARY SCHOOL: METHODOLOGICAL FOUNDATIONS OF THE ART MODEL FOR DEVELOPING
SPEAKING SKILLS

Tulekesheva Zaida Zholdaskalikyzy
2nd-year student
West Kazakhstan Innovation and Technological University, Oral, Kazakhstan

Khazhgaliyeva Gulnar Khabdolkakimovna
Candidate of Pedagogical Sciences, PhD
West Kazakhstan Innovation and Technological University, Oral, Kazakhstan

Abstract. One of the most complex issues in school-based English language teaching is the
learner’s inability to transform known vocabulary and grammatical knowledge into real speaking
performance. In many cases, learners understand the task and recognize the necessary language
forms, yet they still struggle to speak confidently in front of the class, formulate ideas quickly, and
respond naturally to a partner’s remarks. This situation shows that speaking should be developed
not only through mechanical practice, but through a methodological system that connects
perception, emotion, thinking, and language preparation. The article examines art technology as
an effective tool for developing speaking skills and presents the ART model based on three stages:
Artistic Stimulus, Reflective Rehearsal, and Task-Based Transfer. The artistic stimulus encourages
learners to observe, think, and express a personal response to the topic; reflective rehearsal builds
speaking confidence through vocabulary support, sentence frames, pronunciation practice, and
feedback; task-based transfer turns prepared language into a concrete oral product, such as role-
play, storytelling, discussion, interview, or presentation. The article proposes an ART lesson
algorithm, speaking indicators, assessment criteria, and a system of tasks applicable to English
teacher practice. The main value of art technology lies not in simple learner engagement, but in
its ability to connect artistic perception with purposeful speaking and make oral communication
in English more natural, confident, and meaningful.

Keywords: art technology, English language, speaking skills, ART model, artistic stimulus,
reflective rehearsal, communicative task, drama-based pedagogy, communicative competence,
general secondary school.

Kipicne

KasaKkcTaHaafbl *Kannbl opTa 6inim 6epy arblilWbIH TiNIH TEK NBHAIK Ma3MyH peTiHae eMec,
OKYLLbIHbIH, KOMMYHMKATUBTIK SpPEKETIHe TiKenen KbI3MeT eTeTiH Kypasl peTiHAe KapacTbipadbl.
2022 »binFbl N2399 6ynpbikneH HekiTinreH yarinik oky baraapnamanapbl KymeciHae «AfblWbIH
Tini» NoHi 6acTayblll, HETi3ri OpTa »KaHe Xannbl opTa 6inim AeHrennepiHaeri TiNAIK AafablnapmeH
bannaHbicTa bepineai; byn baroapnamana cenney, ToiHAANAbIM, OKbIAbIM, }a3bl/bIM KaHe TiNdiK
bipniktep 6ip-bipiHeH Benek emec, oKy SPEKEeTIHIH TyTac Kyneci peTiHae opHanacaabl [1].

Macene Aan ocbl TYTaCTbIKTbl CbIHbIMN iWiHAE icke acblpyaa 6arkanaabl. OKyLbl afbl/WbIH
CO3/EpPiH KaTTalbl, XaTTbiFyda AypbIC Kayan bepeai, MyFafiMHiH CypafbiHa KbICKa COMIEMMEH
ayan bepyi e mymKiH. bipak ceney pafabicbl OyHbIMeH LWeKkTenmengi. Cenney HakTbl yaKbIT
iWiHAe OM KypacTbipydbl, NEKCMKAMbIK TaHAAYy KacayZbl, rpaMMaTUKanbIK ASNAIKTI cakTayapl,
anTbiNbIMAbl BaKblaydbl, CEPIKTECTIH, peakuMacbiHa »Kayan bepydi »aHe e3 nikipiH a/n1eymeTTiK
afdanTKa cal skeTkisyai Tanan etepni. CEFR Companion Volume cenney apekeTiH production,
interaction, mediation cuAKTbl ©3apa HalNaHbICTbl KaTeropuanap apKplibl cMNaTTandbl; oHAA
»}ocnapnay, turn-taking, clarification, spoken fluency, phonological control »aHe creative texts-
MeH }KYMbIC iCTey cekinai AeckpunTopaap HaKTbl KepceTinreH [2].
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annbl MeKTenTeri afblNWbIH cabafbiHAA apT TEXHONOMMACHI OCbl KypAeni AaFAbliHbl TabUFK
TYpAe icke Koca anagpl. bipak OHbl «CypeT cany», «dH TbiHAAY», «TeaT OWHay» AeHreniHae
TYCIHAIPY KeTKinikcis. MyHaam KapananmbiMm TYCiHAIPY apT TEXHOOMMACBIHbIH, SiCTEMENIK ©3€eriH
ancipeteni. Kepkem matepuan ceineyre ceben Oepmece, pednekcuanbiK AalbIHAbIK
YMbIMAACTbIPbIIMAca, COHbIHAA HaKTbl aybl3la eHiM BoamMmaca, apT anemMeHTi cabakTafbl KbiCKa
IMOLMOHaNAbIK y3inicke anHanbin Keteni. ART moaeniHiH, KYHAbIAbIFbl OCbl Kepae allblnagpi:
OKYLLIbl aniblIMeH KepKkem CTUMyNAbl OalKkaldbl, ofaH KeMiH Tindik »KafblHAH AalblHAanadbl,
COHbIHAA AalblHAANFaH MaTepuanibl KOMMYHUKATUBTIK Tancblpmaaa KondaHaapl.

FOHECKO-HbIH 2024 »binfbl Culture and Arts Education Framework Ky»kaTbl MaaeHMET neH
eHepAi 6inim bepyaiH KeKke canacbl FfaHa emMec, OKbITY Kypasibl, 9[iCHaMa/IbIK TaCiN KaHe 3epTTey
Toxipubeci peTiHae TaHuabl. KyXKatra mageHMeT NeH eHep apKbl/bl OKbITY LblFapMaLlbl/bIKTbI,
CbIHW OMNayapl, CONNEY XKaHe a3y AarAblAapbiH, 91eYMETTIK-9MOLUNANbIK KabineTrepai AamblTyFa
bIKNan eTeTiHi kepceTinreH [3].

AFbINWbIH  TiNIH OKbITYAafbl apT TEXHOJIOTMACBIHbIH, ©3eKTiNir yW HakTbl cebenneH
Kyliereai. bipiHwWwiaeH, okylwblnapaa ceineyre apHanfaH naes keticnenai. Onapra «My hobbyy,
«My school», «My city» CMAKTbl TaKblpbiNTap Wi TaHbIC, Bipak onap KaHa oWl TyablpMaiabl.
EKiHWIiOeH, OKyLWbl KaTenecyaeH Kopkaabl. Kate »kayan bepy kayni ceineyai Texkenai, acipece
CbiHbINTAcTap anabiHAa. YwiHwiaeH, AaCTypAai speaking practice kelge rpammaTuKanbiK,
KypblnbiMAapabl KanTanay AeHremiHae Kanbin, OKYLIbIHbIH, TY/faablK KaTbICyblH iCKe Kocnanapl.
Kepkem cTUMyn ocbl YW KMbIHABIKKA DipaeH acep eTeni: on o bepeai, Nikip anyaHablFbIH 3aHAbI
eTeji, TiNOiK apeKeTTi KekKe TaxipubemeH bannaHbICTbIpaabl.

oaebw wony

ApPT TEXHOIOTMACHIH afblNLLbIH TiNi cabafblHa eHri3y Typasibl OMAbl ANenagey YiliH anabiMeH
OHepPAiH OKY HOTUMKECIHE acepi XKeHiHaeri 3epTTeynepre cak Kapay kaxet. OECD ganbiHAafaH «Art
for Art's Sake? The Impact of Arts Education» eHberiHae eHep OiniMiHiH, 3pTYPAI Aafablnapra
bIKManbl KeH TanJaHfaHbIMeH, aBTopaap TpaHcdhep HaTMKenepi Typanbl acbipa anTyFa
6onmalnTbiHbIH eckepTedi. COHbIMeH KaTap TeaTp/blK 6iniMmHiH, verbal skills, reading skaHe text
understanding 6afbiTTapblHAa OH acepi 6ap eKeHi, an LWblFapMallblablK, MOTMBaLMA, self-concept
cekinaj cananapda KOCbIMLIA 3MMNMPUKANbIK 3ePTTeY KaXKeT eKeHi anTblnaapl [4].

Byn caKTblK apT TEeXHONOIMACbIH o/cipeTneii, KepiciHWe OHbl fblAbiIMK TypFblaaH
HaKTblnayra Maxbyp eTeni. Erep eHep oKkbITyda Tek Be3eHaipy KbI3METIH aTKapca, OHbIH, TiAAIK
HoTMXKeCi KesgencoK 6Gonaabl. Erep eHep apHalbl ceilney makcaTtbiHa 6afblHAbIPbIACA, O
OKYLIbIHbIH,  KabblngayblH, OWMNayblH, CO34JIK KOPbIH »3HE KOMMYHWKATUBTIK SpEeKeTiH
HbannaHbICTbIpaTblH  KyaTTbl  mMeauatopfa  aWHanaabl. J1.C.  BbIrOTCKMMAIH, — KMAA  MeH
WbIFapMallblAblK  Typanbl eHberiHae LWbiFapMallbliblK  SPEKeT KaHa Hapce TyAblpaTbiH
NCUXONOTUANBIK YAepic peTiHae TyciHAipineai; 6yn naes afbliWbIiH TiniHAET cenneyaiH, AanbiH
dopmaHbl KarTanay emec, *KaHa MarblHa Kypy eKeHiH TyciHaipyre MymMmkiHaik 6epeai [5].

. [bton eHepai emipnik TaxipmbeneH Genmeln KapacTbipagbl. OHbIH, 3CTETUKASbIK,
Toxipmbe Typasbl TYKbIPbIMbI aFbl/ILLbIH TiAIH OKbITY VLLIH MaHbI3bl: OKYLLbl KOPreHiH, Ce3iHreHiH,
aHFapFaHbIH T/ apKblbl peTTenai. byn Kkepae Tin CbipTKbl Oakbliay Kypanabl eMec, TaipubeHi
yMbIMAACTbIPY KypasblHa aiMHanaabl [6].

3.B. AilicHep eHepaiH TaHbIMAbIK MaHbI3blH afaMHbIH KypAeni marbiHanapabl barkay,
anbIPMaLLbINbIKTbI Ce3y KaHe benHenik onnay kabineTimeH 6GalnaHbICTbipadbl. AFbIAWbLIH TiAi
cabarblHaa Oyn Kabinet cypeT, doToCypeT, KbicKa beliHe, 3aT HeMece ApamasiblK Kafaal apKblabl
icke Kocblnagbl. Okywbl «What is in the picture?» cypafbiHaH «Why might this person feel
lonely?», «What can happen next?», «What is the hidden conflict?» geHreniHe keTepinreHae,
celney penpoayKTUBTI XKaTTblfydaH MHTePNPeTaLMAbIK dPEKETKe aybicadabl [7].

. Kpecc ycbiHFaH multimodality TyXbipbiMbl Ka3ipri KOMMYHWKaUMAHbIH, TEK Ce3aeH
TYPMalTbIHbIH KepceTeni. MafbiHa a3y, ceiney, 6elHe, AbIObIC, bIM, KEHICTiK, TyC XaHe
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KOMNO3MUMA apKblabl Kypanaabl [8]. AfbiaWbiH TiNiH yipeTyae Oyn TYXKbIPbIM ©Te MaHbl3apl:
OKYLLIbl CypeTKe Kapan ceinem KyparaHzaa, on Bu3yanasl 6enriHi sepbanaplik dopmara ayaapaapl;
My3blKa TbIHJaN 3MOUMSAHbLI cUNaTTaraHaa, ayAuaniblk aCepdi NeKCUMKanblk TaHaay apKblibl
Kymenenai; penaik onbiHAa AeHe KMMbLAbl MEH AaybIC bipFafbl COMALY Ma3MyHbIMEH Bipre »Kymbic
ictena.

Task-based language teaching 6arbiTbl 4a ART MmoAeniHiH, YLWiHWI Ke3eHiH Herizgenai. P.
Innuc task yFbIMbIH OKYLIbl MafblHafra DafbITTanfFaH TiNAIK 9PEKET OPbIHAANTbLIH, HAaKTbl HITUXKE
LWbIFapaTblH }KaHe TiNAiK pecypcTapdbl MakcaTKa cai KoaJdaHaTbiH OKy bipairi peTiHae cunatranpl
[9]. ApT TexHonoruacbiHAa task Ke3gemcok KOCbIMLIa eMec: KOPKEM CTUMYA MeH AaMblHAbIK,
KeseHiHeH KeMiH okylwbl ananor, cyxbart, storytelling, debate, gallery talk Hemece presentation
TYpiHAe aybi3la eHim bepeai.

M. CselHHiH Output Hypothesis TyKbipbiMbl 6OMbIHIWIA TiNAiK ©HIM OKylbiHbl ©3
6inimiHgeri 6oc opbiHAapAbl bakayra, bomkamabl TEKcepyre aHe Gopma MeH MarblHa Typasbl
oMnaHyfa utepmenenai [10]. byn apT TeXHONOMMACbIHbIH, PedIeKCUANBIK Ke3eHiH KyluenTea,.
OKyLUbl CypeTTi KepreHHeH KeniH bipaeH y3ak ceineyre MiHAETTEeAMENAI; anAbIMEH CO3 KNUHANAbI,
phrase bank »kacanabl, cennem yarinepiH TaHdanabl, anuTbIAbIMAbI KalTananabl, *KynTa KblCKa
peneTnuma »kacanapl. OcblAaH KeriH faHa TO/IbIK KOMMYHMKATMBTIK Tancbipmara eTei.

M. Bairent, T. CKkexaH aHe M. CBeWHHiH neparornkanbik task Typanbl eHberi
TancbIPMaHbIH, KYPbIJbIMbl, KOTHUTMBTIK MKYKTEMECi, ©3apa 2peKeT KaHe bafanay Norukacsl
eckepinmece, communicative task e3airiHeH canasbl ceiney HaTUKeCiH BepMenTiHiH KepceTeai
[11]. demeK, apT TeXHONOrMACHI YUWiH A€ «KbI3bIKTbl Tancbipma» KeTKinikcis. OKylbl He VLUiH
COMNENTIHIH, KaHaal TiNAiK Kypan KonAaHaTbiHbIH, KaHAan KpuTepuiimeH 6afanaHaTbiHbIH,
¥KayanTblH, COHFbl dopMachkl KaHAan 60naTbiHbIH HAKTbl Binyi Kepek.

Drama-based pedagogy 6afbitbiHaa M. CTUHCOH meH XK. YMHCTOH drama eKiHwWi Tin
YApeHyae afeyMeTTiK Pes, KOHTEKCT KaHe MaKCaTTbl ©3apa 9PeKeT *KacaWTbiHbIH KepceTea.
OnapabiH, eHberiHae drama ce3ai al anTKbi3balabl, OHbl 2/1€YMETTIK KaFdalfa eHrizeai gereH
on bap [12].

. bennneo meH B. Kum drama in L2 learning BolbiHWa €Ki OHXbINAbIK 3epTTeynepi
Tangan, drama-based learning okyuwbifa contextually situated, engaging, multimodal aHe
empowering Tingik Taxipnbe 6epe anaTbiHbIH Ka3aapl, Bipak HaKTbl CbiHbINTafbl Kabblngay meH
IMMNUPUKANbIK Ad1ennep ani Ae KeTKinikcia ekeHiH kepceteni [13]. byn eckepTy maKanaHbiH
FbIIMM YCTAHbIMbIH HaKTbI1aMabl: apT TEXHONOTMACLIH TMIMA[ Aen arTy YWiH OHbl d4icTeMENiK
MoZeNb, baranay KpUTEPUIi XKaHe IMNUPUKAIbIK TEKCEPY MYMKIHAINIMEH Bipre yCbiHY KaxKeT.

A. TanaHte meH P.N. TomcoH drama-based instruction ekiHwi Tingeri oral fluency,
comprehensibility kaHe accentedness pgamybiHa acepiH 3epTrereH. TESOL Quarterly
ypHanblHAafbl 3epTTey drama-based instruction AacTypai KOMMYHWMKATUBTIK  OKbITYMEH
canbicTbipfaHaa L2 oral fluency GoWMbiHWA YAKEHIpeEK inrepineyre anbin Keayi MyMKiH eKeHiH
KepceTeni [14].

L. Nlyo, 1. Ucmann, H.K.B. Axmang xaHe L. F'o 2024 xbinbl )kapuanafaH systematic literature
review process drama meH EFL okbITyablH, 6alinanbicbiH 2003-2023 »Kbingapbl *apblk kepreH 30
3epTTey HeridiHae TanaaraH. ABTopnap process drama TinAgik Aafablnapsa, OKYy HaTUXKenepiHe
KOHEe MyFaniMm AamybiHa OH acep eTeTiHiH KepceTeai [15].

C. On-bycanam, M. on-Ampu xaHe B. on-lyxnn Bu3yanabl eHepre HerisgenreH speaking
approach-Tbl Sultan Qaboos University KoHTeKcTiHae 3epTTen, one-group pretest and posttest
OM3anHbIH KON AaHFaH; 3epTTey speaking ability »kaHe overall language level 6olbiHWa Xakcapy
6onfaHbIH xabapnanasl [16].

A. OyponaH visual arts activities speaking abilities gambiTyra Kanal KemMeKTeceTiHiH
phenomenological approach apkblibl 3epTTereH. 20 KaTtbicywbl TepT focus group-ka HeniHim,
HOTUXKeZle BM3yasZlbl ©Hep OKyllblFa OMabl 6elHeneH LWblFapbin, COMNEeMAl KblAaamMblpak,
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KypacTblpyFa, COMneyre Kbl3blfyLblablK TaHbITYFa aHe HYCKay/blK aHblK BonFaHaa ceHiMmaj *ayan
bepyre mymKiHAiK 6epeTiHi KepceTinreH [17].

K.K.M. F'o meH 3. bepHc cenneyai holistic approach apKbiabl OKbITYAbl YCbIHAAbI: Cconey
Tek fluency emec, cognitive, affective xaHe social dimensions apkblibl gamuasl. byn ART
MOZENIHIH, ilWKi KWUCbIHbIHA TO/bIK CaMKec Kenegi, cebebi KepKem CTUMY/S KOTHUTUBTIK KaHe
IMOLMANBIK iCKe KOoCydbl KamTamacbl3 eTedi, pebnekcuanbik AanbiHAbIK TiAgiK Oakbliaydp
KylenTeai, an task-based transfer aneymeTTik ©3apa apekeTKke WhbiFapagsl [18].

MaTepuangap meH agictep

3epTTey aaicTemenik-tangamasnslk KeHe Kobanay cunatbiHA@ Kypbiaabl. 3epTrey
JIOrMKachl TOPT KadamHaH TypAabl. bipiHWwi Kagamaa arbiaLwbiH Tini cabarbiHaasbl speaking difficulty
Ma3MyHbl aHbIKTaNAbl: NAes KeTicneyi, KaTte »ibepy KOPKbIHbIWbI, AalblH TiAAIK Tipek 6oamaybl,
OKYLLIbIHbIH, MNAcCUBTI TbiHAAYLWbl pefiHAe Kanybl. EKiHWI Kagamaa apT anemeHTTepi cenney
NAFAbICbIH AaMbITyfa Kanal KblI3MeT eTe afaTbiHbl TandaHabl. YwiHwi kagamaa ART moaeni yu
KeseHre OeniHAi: KepKem CTUMYy/, pedneKkcuanbiK AanbiHAbIK, Tancbipmara Kewipy. TepTiHuwi
Kadamaa ocbl mofdenbai baranayra apHaafaH KpUTepUnaep MeH MHAEKCTEP YCbIHbIAAbI.

ART mogeniHaeri Herisri agicTemenik Kafuaa KapanambiMm: OKylUbliFa bipaeH ceiney
Tancbipmacsl 6epinmenai. AnapiMeH ceineyre Typap/ablK Ma3myH Kacanaapl. Kepkem matepuan
OKyLlblfa HalKanatblH AeTanb, aMmoums, benri, KallWbINbIK, OKMFa KaHe Bomkam bepeai. CoaaH
KeriH ©6yn MmasmyH Tinaik KafbiHaH eHaeneai. CoHplHAA OKylbl prepared language-Tbl
communicative task iwiHae KongaHaabl.

ART TexHONOrMACbIHbIH, Celney HaTUMKeciH bOafanay ylWiH 6ec KpuTepuit yCbiHbINAAbI:
fluency, accuracy, pronunciation, interaction, content clarity. 9p kpuTepui 0-geH 4 banfa genin
H6afanaHaabl. MyHAaM WKana myfFaniMmre oKyLbliHbl TEK «1YPbIC COMNEi» HEMece «KaTe cemnneai»
[en emec, cenneyain, HakTbl KOMNOHeHTTepi bolbiHLWa bafanayra MyMKiHAIK bepesi.

1-kecTe. ART TEXHONOTUACBIHbIH, afbIALWbIH TiNIHAEr coinney cabafbiHAAFbl KYPbIIbIMbI

ART Herisri Myfanim apekeTi OKyLWbl apeKeTi KyTinetiH ceinney
Ke3eHi neaarormkanbik, HOTMXKECI
KbI3METI
Artistic Celineyre Cypet, dotocyperT, | baltkanapl, Oon nanaa
stimulus Ma3MyH, 3aT, My3blKa, KbiICKa | cMnaTTansl, bonaapl,  ce3AjK
3MOUMANBIK, Ablbbiccbl3  beHe | bosiKam anTaabl, | KOp icke
TYPTKI OHe | Hemece  KOAMax | Xeke 9CepiH | Kocblnaapl,
BM3yandbl TipeK | yCbiHaapbl 6inaipeni cevneyre
bepy NCUXONOTUANBIK
OanbIHAbIK,
KanbinTacazbl
Reflective | Tingi caHanbl | Phrase bank, | Ce3 TiprecTepiH | anaik, anTblabim,
rehearsal | nanbiHaay, sentence  frame, | *KMHaNAabI, KbICKa | KYPbIJbIM  }KaHe
KaTenikTeH pronunciation drill, | ceitnem  Kypalapl, | ceHiMAainik
KOPKY QAeHremiH | peer feedback | »kynta  penetmuma | Kyweneai
asanTy YMbIMAACTbIpaabl Kacanapbl
Task- HalbiHpoanfaH Pennik oWbliH, | Cypanapl, »ayan | Fluency,
based TiNAiK cyxbaT, nikiptanac, | bepegj, Keniceai, | interaction,
transfer MmaTepuangpl story chain, gallery | kenicnengai, discourse
HakTbl  Kapbim- | talk aanenaenai, organization xaHe
KaTblHacKa yMbIMAACTblipaab! KOPbITbIHAbIANAbI oral  confidence
WbIFapy Aamuapbl
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1 KecTe ART TeXHONOIMMACLIHbIH, HETi3ri anblpMacbiH KepceTei: 011 KepKeM MaTepuanipl
cabakTblH 0acbiHAafbl KbI3bIKTbl «MAIHOCTPALMA» PETiHAE Kandblpmanabl. Kepkem cTumyn
cemneyaiH, Ma3MmyH/blK S4P0CbIHA alMHanaabl. PedneKkcmansik AalblHAbIK COM Ma3MyHAb! TiA4iK
dopmara Tycipeai. Task-based transfer oKyLbIHbI HAKTbl KOMMYHWKATUBTIK 9pEKETKE LWiblFapapbl.
Ocbl yWTiK BY3blAca, TeEXHONOTMA aacipendi. Mbicanbl, myfanim cypeT KepceTin, 6ipaeH «Discuss
it» nece, kebip okyLblnap cennenai, bipak a/ci3 OKyLbl YHCI3 Kanaabl. An cypeTTeH KeniH ce3ik
TipeK, cennem yrici »kaHe »KynTblk penetuumsa bepince, ceiney MyMKiHAIN 6ap/blK OKyLblfa
KeHenes,.

HaTtuxenep

ART TexHONOruAcbiHbIH, OipiHLWI H3TUXKeCi - afblalWblH Tini cabafbiHAafFbl cenneyaix,
Ma3MYH/bIK TanlWblAblFbiH a3ainTy. Ken okylbl speaking TancbipmacbiHaH EMEC, KHe alTy KepeK?»
nereH WK 60Cc KeHICTIKTeH KMHanadbl. Kepkem CTMMyN ocbl 6OC KeHICTiKTi HaKTbl 3aTneH,
belHeMeH, TycneH, JaybiCNeH, CUTyaumsmeH ToAnTblipadbl. Mbicansl, okyuwbifa «Talk about
friendship» aereH Tanceipma Gepince, »kayan kebiHe »KaTTaHabl 6onaabl. An eki 6anaHbIH, YHCI3
oTblpfaH dOTOCYpeTi, CbiHFAaH OMbIHLLbLIK HeMece 60oC opbiHAbIK 6elHeci kepceTince, friendship
Typanbl ceiney bipaeH HaKTbl AeTasbra cyleHeqi: who is missing, what happened, why the object
matters, what the characters may feel. Celtney TakbipbliObl abCTPAKT YFbIMHAaH KepiHeTiH benrire
ayblcaabl.

2-kecte. [lacTypni speaking practice skaHe ART TEXHONOTUACHIHbIH, aliblPMaLLIblI/TbIFbI

Bnuwem Hactypni  speaking | ART TEXHO/IOTMACBIHA | 9AicTEMENIK MaHI
practice HerizgenreH speaking practice

TaKblpbIn OKynbiKkTafbl AakbiH | CypeT, doTocypeT, My3blKa, 3aT, | OKyllbl HakTbl benrire

Ko3i TaKbIPbIM Hemece | Kbicka  OelHe,  ApamanblK | cyMeHin cemnenmi
cypak araan

Okyuwbl peni | *ayan bepyui balkaylubl, TyciHaipywi, pen | Ceinney TY/IFANbIK,

neci, aHrime Kypayubl KaTbICyfa
aKblHAaM b

Tingik Kenae TanceipmagaH | Task angbiHoa ce3, Tipkec, | Kate KOPKbIHbILWbI

OanblHABIK, | KeniH bepineai | MHToHauma, sentence frame | TomeHaenai
Hemece mynae | bepineai
bepinmenai

©3apa Cypak-*ayan Pair talk, role-play, group story, | Interaction Taburn

apekeT dopmaTbl 6acbim debate, interview cMnaT anagbl

bafanay *annbl acep Hemece | Fluency, accuracy, | Myfanim HaKTbI
KaTe CaHbl pronunciation, interaction, | kepceTkilneH Kepi

content clarity 6annaHbic bepeqi

HaTmxe KbicKa »ayan | manor, wafblH npe3eHTauus, | Celney TONbIK aybi3Llia
Hemece  KaTTaHApl | OKMfFa, NikipTanac, cyxbar eHiMre alHanaabl
cemnnem

byn albipmawbiiblK ART  TEXHONOMMACBIHbIH,  «KbI3bIKTbl

4ic»

KaHa €eMeC eKeHiH

nanenpenai. Aactypni speaking practice ken afaanaa cenneyai Tingik dopmara Tayenai etesi.
ART mopeni cenneyai anabiIMeH MmafblHafa, cogaH KeliH dopmara, COHbIHAA /1eYMETTIK SpeKeTKe
Whifapadbl. MyHA@M KO3fasblC OKYLIbIHbIH, ilUKi NOTMKacblHA [a KaKblH: agam angbimeH Oip
HopCeHi Kepe/j, OFaH KaTblHAC *Kacalbl, OMbIH XWUHANAbI, COAAH KeWiH faHa cenenai.
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ARTISTIC
STIMULUS
cyper,
dotocyperT,
KO/IIAX,
My3blIKa,
3aT, Apama,
AblBbICCHI3
KbICKa 6elHe

(

Barikay skoHe
TYCiHAipY
OKyLUbI
opekKer,
AeTanb,
amouus,
CUMBOJ,
YKacbIpbiH
MaFblHa
izgenai

RE

REFLECTIVE

¥ITBISIRED
6armnaHbIC

(

)

TASK-BASED
TRANSFER
pengik ombiH,
QHrimeney,
nikiptanac,

cyx6ar,
npeseHTaums

Keke Katbicy
OKyLUbI
CTUMYAAbI
©3 OMbIMEH,
cesimimeH,
ecTenirimeH
6aiinaHbICTbIpa
Abl

Tingik
JanbiHABIK,
OKYLLbI CO3,
Tipkec,
rpammatumkan
bIK Yri,
AUCKYPC
MapKepiH
KMHAMABI

Pecdnekcusansl
K XakcapTy
OKyLLbI OM
aHBIKTBIFbIH,
anTbIIbIMBIH,
Ce3 TaHAayblH,
cennem
KY PbIIbIMbIH
Ty3ereai

NHTepakTUBTI
cenney
OKyLUbl

cypangpl,
ayan 6epegi,

HaKTblnanapl,

Keniceai,
Kapchbl nikip
anTagpl

KopbITbIHAbI
aybi3lia OHIM
auanor,
SHrime,
cyx6ar,
npeseHTaums,
TONTHIK,
TanKpinay
Xacanagbl

1-cypeT. ART TeXHOIOTMACBIHbIH, COMNey AafAblCbiH AAMbITY/Aafbl 34iCTEMENIK MOAEN

Byn moaenbae oKylbIHbIH corneyi bip faHa «answer the question» caTiHe Tayenaj emec.
OKYLLbIHbIH OMbl BipTiHAEN KO3Fanaabl: anabiMeH Kepeai, coaaH KenliH bakanapl, oaaH KeniH ces
Tabaabl, KeNiH peneTMumMa »acanapl, COHbIHAA Ceiney apeKeTiHe WblFadpl. MyFanim ywiH 6yn
Moaenb cabakTblH, iLKi pUTMIH Backapyra MyMKiHAIK 6epeai. 9nci3 oKyl biFa phrase bank kebipek
bepineni, »kofapbl AeHrenaeri oKyllblfa interpretation »kaHe argumentation KypaeneHaipineai.
Bip cypeTneH A2 neHreniHae «There is a lonely boy near the window» celtnemin KypaTtyfa 6onaapl,
an B1 peHreniHae «The image suggests emotional distance because the boy is physically present

but socially isolated» TypiHaeri Kypaeni nikip ainTKkpi3yfa 6onaabl.

ART TexHONOrMACbIHbIH, eKiHLWi HITUXeCi - cenney Kayinci3airiH Kywenty. KatenecyaeH
KOPKY KebiHe OKyLWbIHbIH ayabbl Bip faHa AypbIC HYCKafa TipenreHae nanga 6onaabl. Kepkem
MaTepuanaa b6ip faHa Aypbic MafbiHa 6onmarnabl. OKyLbl CypeTTeri aAaMHblH, KeHiN KyMiH apTypAi
TYCiHAiIpe anadbl, My3blKaHblH, 9CepiH 9pTyp/i cunaTTal anagbl, KONNAKAAFbl CMMBOAAbI ©3
ToxipnbecimeH OalnaHbICTbipa anaapl. byn epKiHAIK »Kayankepuwinikcidgik emec. KepiciHwe,
OKYLLbI ©3 NikipiH aanengeyi kepek: «l think...», «The reason is...», «In the picture | can see...»,

«This detail may mean...» cMAKTbI TIAAIK KypblbIMAAp A21eN4j cenneyre ympeteai.
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3-kecTe. ART cabafblHAa KOMAaHbINATbIH KOPKEM CTUMY/IAAP KaHe coisiey Tancblpmanapbl

Kepkem Celineyre Tinaik Tipek Herisri speaking | KanbintacatbiH
CTUMYN apHanfaH task nafapl
HacTankbl cypak,
doTocypeT What is| | can see.., It| Pair CunaTttay, 6o/Kam
happening seems that..., | interpretation anTy
here? Maybe...
Keckingeme | What emotion is | The character | Gallery talk IMOLMAHDI
shown? looks..., The colour cunaTTay, niKkip
suggests... 6inaipy
Konnax What story | First..,, Then..., | Group OKWfa KypacTbipy,
connects these | After that..., | storytelling coherence
objects? Finally...
My3blIKa What scene do | It sounds..., | | Oral scene | Accoumauma,
y3iHaici you imagine? imagine..., The | description fluency
mood is...
dpamanblk, What would you | | agree..., | | Role-play Interaction,  turn-
araan say in thisrole? | disagree..., Could taking
you explain...?
ObibbicchbI3 What happened | Before this..., At | Interview with a | Cypak Koto, ayan
belnHe before and | the end..., The | character bepy, narrative
after? problem is...

By Tancbipmanapaa MyFaniMHiH Kacion aangiri wewyiwi. Mbicanbl, doTocypeT TaH4afaHaa
M3AEHN TYPFblAaH TYCIHIKCI3, *Kac epeKlleniriHe CaMkec KeAMenTiH Hemece WamaaaH TbiC Kypaeni

MaTepuan KoAAaHblACa, OKYLWbIHbIH, Ha3apbl TiNAIK 9peKeTTeH anlakTanasl. An TbiM Kapananbim

CYypeT ceineyai AambiTnanasl. EH TMiMAI cTMMynaa yw KacveT 6onaapl: HakTbl AeTanb KepiHea,

bipHelle TyCiHAipyre MyMKiHAIK 6ap, ceiey TancbipmacbiHa Te3 aHanaasl. bip Kapanaibim 60c

OpPbIHAbIKTbIH, ©3i «absence», «waiting», «memory», «lost friend», «first day at school» cuakTbl

HipHelle MafbiHa Ty blpa anagbl.
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CTUMY/1 TAHZAY
Kac, AeHI'eﬁ, TaKplpbIn,
M3/1€HU KOHTEKCT

YHCI3 BAMKAY
30-60 cekyHA
AeTanb XnHay

PENETULUA
KYNTbIK comney
Kepi 6ainaHbIC

KbiCKa Ty3eTy

KOMMYHUKATUBTIK
TAMNCbIPMA
penaik oubiH
SHrimeney
nikipcabic
cyx6ar

BAFANIAY
epKiHAiK
Ad14iK
aANTbIIbIM
©3apa apeKkeT

2-cypeT. ART cabafblH YbIMAACTbIPY aATOPUTMI

Byn anropntm ART TEXHONOTMACHIH KE3 KeAreH CbiHbINTa KOAaHyFa MyMKiHAIK bepeai. 5-
CbIHbINTA stimulus peTiHAe *aHyapnap poTocypeTi, benme cypeTi, MeKTeNTeri Kapanambim KepiHic
Oepinyi MyMKiH. 8-CblHbINTa 2/EYMETTIK TaKblpbINTafbl NMOCTEP, IKONOTMANbBIK KOANAMK, KbICKa
Ablbbicchi3 beliHe KonaaHyra 6onaabl. 10-11-cbiHbiNTa BU3yanasl metadpopa, Tapuxm GoTocyperT,
KOFaM/[blK MaCe/ieHi KepceTeTiH apT 0ObEKT, Kbicka performance scene Tnimai 6onaapl. eHren
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apTKaH cailbliH cenney KypaeneHeai: description aeHreliHeH interpretation aeHreiiHe, ogaH
argumentation »kaHe mediation geHreniHe eTeai.

ART cabarblHAafbl yaKbIT YNECiHIH, YCbIHbINATBIH KypbIfbiMbl

= Kepkem ctumyngpl Kabbingay
YKoHe bacTankbl cunaTray
m Co3AiK XaHe cennemaik
25

OANbIHABIK

= XynTbIK HemMece TONTbIK,
penetTnumn

Heri3ri KOMMYHUKATUBTIK
Tancbipma

® bafanay »KaHe KbIiCKa
pednekcus

3-cypeT. ART cabafbiHAafbl YaKbIT Y/IECIHIH, YCbIHbINATbIH KYPbIAbIMbI

Byn ynec HakTbl MEKTEN KecTeciHe Kapal e3repyi MyMKiH. 45 MUHYTTbIK cabakTa KepKkem
CTUMYNFa 8-9 MUHYTTaH apTbIK YakbIT bepy speaking makcaTbliH 9ACIPeTYi bIKTUMan. An AanblHAbIK
Ke3eHiH TbIM KbICKAPTY OKyLUbIHbI «Oi Hap, Bipak Tin »OK» KafdalbiHAa Kanasipadbl. EH THMimAi
cabakta stimulus Kbicka, bipak MmafbiHanbl Bonaabl; language support HakTbl bepineai; Herisri
yaKbIT ceneyre beniHes;.
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4-kecTe. ART TexHonoruaAckl bolbiHWa ceneyai baranay pybpukacsl

Kputepni 4 6ann 3 6ann 2 6ann 1 6ann 0 6ann
Fluency Onabl  Kigipic | Ycak, Kigipic »wui, | Ceitney  y3ik, | Kayan
as, Tabusn | Kigipictep Bipak, onabl  asKkTay | bepmenai
blpFaKmneH 6ap, MafblHa | Heri3ri oM | KMbIH Hemece
}eTkizeai 6y3blAManabl | TYCIHIKTI TYCiHiKCIi3
Accuracy lpammaTtukan | Katenep 6ap, | Katenep Kate ken, | Tinaik dopma
blK KaTe eTe a3, | bipakK i, Ken | cennem  Kypy | Kanbintacnafs
MafblHafa KOMMYHMKaL, | TycTa KMbIHAAMAb! aH
acep eTnenai | A cakTanaabl | MafbiHa
ancipen
Pronunciati | AblbbicTay, Ycak, Kei ATbINbIM Tyciny
on eKniH, anTblNbIM ce3epai KOMMYHMKaLMA | MyYMKIH emec
MHTOHALMA KaTtenepi 6ap | TYCiHY KMbIH | Fa Keaepri
TYCIHIKTI acanabl
Interaction Cypak, KoAaapl, | ©3apa apeket | Mayan CepikTecneH Interaction
ayan bepeai, | 6ap, bipak | bepegj, BannaHbIC 91CI3 | KOK
HakTblnanabl, | 6bactama a3 Bipak,
CepiKTeCiH ANANorThbl
TbIH4aNabI JamMblTnang,
bl
Content Oon HakTbl, | O TyCiHiKTi, | Herisri o | On Ma3MyH KoK
clarity JeTasibMeH bipak nanen | 6ap, LaLlblPaHKbI
A2NEeNnfeHreH, | as KYPblabiM
Kypblabim 6ap 9/Ci3

MyHaal pybpuka myfanimre aaingik 6epefi, okylblifa HakTbl 6afbiT Oepeai. «XaKcbl
coenneniHy AereH Kepi 6alnaHbiC OKYLWbIHbIH, Kall »epae eckeHiH Kepcetnenai. An «fluency 3,
interaction 2, content clarity 3» gereH Kepi 6alnaHbic Keneci cabakTa He icTey KepekTiriH
KepceTesi. Mbicanbl, interaction TemeH 60ca, okywsbifa clarification phrases 6epineai: «Could you
repeat?», « What do you mean?», «Do you agree?», «Can you add one more idea?» Erep content
clarity ancis 6onca, Aanen Kypblabimaapsl bepineai: « My first reason is...», «The detail that proves
itis...», «This shows that...».
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ART cewiney nHaekcingeri 6aranay canmakrapsbl

25
25
20 20 20
20
15
15
10
5

EpKiH ceiney Tingik gangik  AiTbiibiM ©3apa Ma3MyHHbIH,
apekeTTeCy aHbIKTbIFbI

B EpKiH celiney B Tingik Aanaik ANTbINbIM

©3apa apekeTTecy B Ma3MyHHbIH, aHbIKTbIbl

4-cypeT. ART ceney nHaekciHaeri 6afanay caimakTapbl

Byn canmaKktap cenneyai TeK rpammaTtuKkasa Oannan KoMmayfa MYMKiHAIK 6epes,.
AFbINWbIH TiNiHAE COWNenTiH OKylbl KaTe Kibepyi MyMmKiH, Gipak onabl TYCIHIKTI »KeTKi3in,
cepiktecneH HGannaHbIC OpHaTbIMN, MNiKipiH A2nenaei anca, oOHblH, KOMMYHUKATUBTIK Ky3blpeTTiiri
nambin Katblp. CoHbIMEH KaTap accuracy MeH pronunciation HasapgaH wbiknanasl. ART
TEXHONOTMACBIHLIH, KYLITI afbl OCbl Tene-TeHAikTe: creative speaking epkiHaik 6epegi, reflective
rehearsal Tingik TopTin 6epeai.

PybpurKaHbIH Tafbl H6ip MaHbI3abl apTbIKLWbIIbIFbl - 071 OKYLLUbIHbIH, Celney HaTuXeciH bip
FaHa »Kannbl 9CEPMEH eMeC, HaKTbl KOMMOHEHTTEP apPKbl/bl KOPYre afaan Kacanapl. AFblNWbIH
TiniHOe aybi3Wwa »ayan 6epy KesiHAe OKylblHbIH, Oapablk KepceTKiwi bipaen aeHrenae
AambiManapl. bip okylbl oAbl Te3 keTkizeni, bipak rpammaTuKanbikK AS4IKTEH KaTe xibepeai.
EKiHWI OKylWbl cennemai aypbic Kypanabl, bipak Kigipici ken 6onaabl. YWiHWIi OKYLWbIHbIH,
anTbINbIMbl TYCIHIKTI, anaiaa cepiktecimeH AManorTbl XanfacTbipyfa KMHanagsl. CoHabikTaH ART
TexHosormacbiHAa 6afanay TeK KOpbITbiHAbI Oafa KO VIiH emec, ceineyai Keneci Kadamsa
MbIKbITY YLWIiH KOAAaHblAAabI.

ART TexHonornsacbiHAa Haranay yHeMi cenney apeKeTiHiH COHpIHAA FaHa Kacanmanapl. On
cabakTblH BipHelle HyKTeciHAe Kypeai: bacTanKkpl cMnaTTayaa MyfaniM OKYLLbIHbIH CO3/iK KOPbIH
bankanapl; penetTmuma KesiHAae Cennem KypbiibIMbIH Ty3eTeAi; Heri3ri KOMMYHWKATUBTIK
Tanceipmaaa fluency meH interaction kepiHeai; pebnekcuaga okylibl 63 cenneyiHaeri 6ip KywTi
TYCTbl »KaHe 6ip HaKTbl Ty3eTyai aTandbl. MyHAaM »Kyhe OKyLIblHbl ©3 TiNAIK AaMyblH TYyCiHyre
yrpeTteai. On Tek 6afa KyTnenai, 3 ceiney canacbiH 6akblnal bactanapi.
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1. TeiHAay
MYFanim XaHe xyn
ceitney eHiMiH TbiHAaNAbI

()

2. benriney
fluency, accuracy,
pronunciation, interaction,
content clarity
60oMblHILA 6enri Koiblnaab!

4. Kaiita anty
OKyLUbl COMNEMIH
Hemece KbicKa 6enikTi
)KaKcapTbin KaiTta anTtazbl

5. XuHakray
»eke phrase bank
KaTe Kapracbl
keneci speaking goal

5-cypeT. ART TexHonornacbiHAafbl Haranay *KaHe Kepi banaHbIC UMKAI

Bafanay UMKANiIHIH, MaHbI34bl TYCbl - KaTe OKyLUbIHbl TOKTaTaTblH GaKTOp emec, cenneyai
akcapTaTblH MaTepuan peTiHae KapacTbipbliaabl. Mbicanbl, okylbl «He don’t want go home»
nece, mMyfanim OYKin »KayanTbl »KOKKA LWblFapmandbl. AnabiMeH MasMyHZbl yCTalapbl: OKyLUbl
KeninkepaiH yinre bapfrbicbl KeAMenTiHiH anTTbl. CoaaH KeliH Kbicka Ty3eTy bepeai: «He does not

want to go home.» Okylbl cenemai kanta anTtagpl. Ocbl WafblH apeKkeT output, noticing »aHe
repair MexaHmsmMaepiH icke Kocaapl.
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Tankblnay

ART TexHONOrMACbIHbIH, MeaarorMkanbik TUiIMANIr yw agedHrenae 6ankanaabl. BipiHwWi
AEHrel - KOTHUTUBTIK. KepKemM CTUMY/ OKYLLbIFa JalblH XKayan eMec, onaHyfa 6onaTbiH matepuan
b6epeni. CypetTeri 6enri, TyCTiH e3repyi, KeninkepaiH 6eT-a1neTi, 3aTTbiH, OPHaNACYbl, My3blKaAafbl
bIpFaK HeMece TbIHbILTbIK OKYLIbIHbl WMHTEPNPeTaumsa Kacayfa utepmenengi. byn afbialibiH
TiniHAeri cenMneyai *atTaHabl MaTiHHEH anbicTataapbl. Orywsbl «l like this picture» aen TokTaman, «l
think the dark colour shows fear because the character is standing alone» gen nsnengeyre
KeLeai.

EkiHwi peHren - addektmsTiK. Speaking anxiety Ken Kafganaa OKYLUbIHbIH, A3aWbiH
emecTiriHeH Tyaapl. ART moaeniHaeri reflective rehearsal ocbl Toayekenai asantagpl. OKylUbIFa
ce3/iK Tipek bepineni, cennem yarinepi yCbiHbIIaAbl, XYNTa KbiCKa peneTuums *Kacanaabl. MyHaamn
OalblHABIK 2/1CI3 OKYLUbIFa Ja celneyre Kipy HYKTeCiH awagpl. 9cipece aybln meKkTebi, apanac
AEHrenNi CblHbIN HEMECE afbl/ILLbIH TiNIH KYHAENIKTI KOMAaHy MYMKIHAIT LWeKTeyni opTa yLliH byn
eTe MaHbI3/bl.

YWiHWi geHrem - aN1eyMeTTiK-KOMMYHUKATUBTIK. APT TEXHO/IOMMACHI OKYLLbIHbI }KEKe Kayan
Hepyli NO3MLUMACBIHAH CepPIKTeCNeH MafblHa KypacTblpyLlbl NO3ULUMACLIHA aybICTbipaabl. Penaik
OMblHAa OKYLWbI cyxbaTTacadbl, My3en ruai peTiHae TyciHaipeai, Keninkep peTiHae »kayan bepeg,,
TONTbIK SHriMeae OKMFaHbl »KaafacTblpadpl. byn interaction pgafabicbiH AambiTagbl. CEFR
NIorMKacbiHA4a interaction keHe mediation Kasipri Tin4iKk Ky3blpeTTiNiKTiH, MaHbI3abl Oeniri
6onfaHablKTaH, ART TexHonorusackl Tek fluency emec, aneymeTTiK TiNAiK SpeKkeTKe Ae KblameT
eTea.

5-kecte. ART TexHonoruacbiH MekTen cabafblHAa KONAaHyAafbl ToyeKenaep »KoaHe
lwewimaep

Toyeken Here nanga | Cenneyre acepi daicTeMenik welwlim
bonagbl

Cabak, oMbiHfa | Myranim  ceiney | OkyLbl Kbl3blfaapl, | Op cTumynra speaking

alHanbIn KeTyi MaKCaTblH  HakTbl | Bipak Tingik HaTuxe | outcome 6ekiTy
KOMManapbl 9Aci3 bonaabl

OACi3  OKywWbIHbIH | Tingik Tipek | Pair work iwiHge | Phrase bank, sentence

YHCIi3 Kanybl WETKIiNIKCI3 naccuBTi pen | frame, role card 6epy

KanblinTacabl

YaKbITTbIH keTneyi | Stimulus  Tangaybl | Heri3ri task | Stimulus KkeseHiH 5-8
y3aKKa Cco3blnaapl OpbIHAAAMaNapl MWHYTMEH LeKTey

bafanayaplH, PybpuKa KoK, OKkywbl He yuWwiH b6afa |5 Kputepuinai rubric

cybbeKkTMBTI BoybI

afNfaHblH TYCiHOEenai

KO/ AaHY

MaaeHu Cypet Hemece | TyciHbey, biHFalcbI3AblK, | Mac, AeHren, KoHTeKCT
CalKecci3aik My3blKa OKYLWbl | TaKbIPbINTaH aybITKY H6oMblHWAa anablH ana
*acblHa cal emec ipikTey
Tek bencenai | TonTbik, WymMbiC | BipHelwe okywbl faHa | Timekeeper, speaker,
OKyLblNApAbIH, aypbic beniHbenai | HaTuxKe bepeai questioner,
cenneyi summarizer pengepiH
beny

byn Toyekenaep apT TEXHONOIMACbIH 9ACI3 afic Aen KepceTtnenai. KepiciHwe, onap

MYFaniMHIH aaicTemenik  Hackapybl KaKeT eKeHiH Janengenai. Opbip WbiFapMallbliblK
Tancblpmaga TopTin 60aybl TWIC: MaKcaT, Tipek, yakblT, pes, HaTuxe, baranay. podeccHansik,
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TypfblAaH KapafaHaa, ART TeXHONOrMACbl MMMPOBM3ALMAFA OPbIH Kandblpadbl, bipak on
MMMNPOBM3ALIMAHBI NeAarornKkabiK KypblabIMMeEH YCTanabl.

annbl opTa MeKTen YWiH YCbIHbINATbIH NPaKTUKaAbIK Welwimaepain, 6ipi - ART speaking
card xyreciH eHrizy. Op KapTo4kaga bip stimulus, yw observation question, 6ec useful phrase, 6ip
role task »kaHe bip reflection question 6epineai. Myfanim myHaaM KapToukanapabl TakblpbinTapsa
Kapal kuHakTal anagpl: family, school, environment, technology, friendship, travel, culture,
future professions. byn »Kyie MyfanimHiH YakbITblH YHEMAENAI KoHE OKYLUbIFa KalTanaHaTbiH,
HipakK *anblKTblpManTbiH speaking routine bepeai.

Mblcanbl, «Environment» TakblpblbblHAA KOKbICKA TONFaH caabakTbiH poTOCypeTi bepinea;.
Observation questions: «What details show the problem?», «Who may be responsible?», « What
can be changed first?» Useful phrases: «The main problem is...», «This detail shows...», «People
should...», «l suggest...», «The first step is...» Role task: «You are local volunteers. Prepare a 2-
minute talk to convince classmates to join a clean-up campaign.» Reflection question: «Which
phrase helped you speak more clearly?» OcbiHAalM Tancbipmaaa OKyLbl 3KOA0MMS Typasbl XKanmbl
}aTTaHapl cennem amtnanabl. O HaKTbl KOPIHICTI Tanaanabl, YCbIHbIC Xacalabl, ayanTopusHbI
ceHaipyre Tbipbicapl.

lpakmuKanslk ycbiHbICMAp

ART TexHONOruMAcblH afblAlWbIH Tini cabafbiHAa TypaKTbl KonAaHy ywiH bGipHele
a4icTeMenNiK WapT caKTanybl Kepek.

BipiHWI WapT - Kepkem cTMMya cabak MaKkcaTbiHa cai ipikteneai. Erep makcaTt vocabulary
activation 6bonca, cypeTre Ken HakTbl 3aT 6onybl KepeK. Erep makcat emotional description 6onca,
6eT-anneT, TYC, *KapblK, KOMMNO3MUMA MaHbI3Abl. Erep makcat argumentation 6onca, stimulus
eKiyLITbl Hemece nikipTaaac TyablpaTbiH 60aybl THIC.

EKiHWI WapT - TiALIK TipeK KbiCKa api KoaaHyFa AarbiH 6epineai. Okywbifa 30 co3aiK Tisim
KaxkeT emec. OfaH 6-8 Tipek XeTKinikTi: «l suppose...», «The image may suggest...», «In my
opinion...», «The strongest detail is...», «| agree with..., but...», «Can you explain why?» MyHaal
TipeKkTep cewnneyai »acaHabl eTnenfi, KepiciHwe OKylblifa oMbl afbliWbiH TiniHAe 6acTayra
MYMKIHAIK 6epea,.

YWiHWi wapT - penetnuma miHaeTTi 6onaabl. Ken myFanim yakbiT yHeMAeY YWiH AanbIHAbIK,
KeseHiH eTKi3in xibepeai. byn acipece speaking cabarbiHaa KayinTi. Penetnumacsi3 okyLbl HipaeH
Hbaranay anaHblHa WbIFbIN KeTedi. An KyNTbiK 2 MUHYTTbIK rehearsal okyllblfa COMEMiH Ty3eTyre,
ce3iH Tabyfa, AaybICbIH PeTTeyre MyMKiHAIK bepea,.

TepTiHWIi WapT - task HaKTbl eHIMMeEH asKTanaapl. «Discuss in groups» HeTKinikcis. OHbIH,
opHbIHa «Prepare a 6-sentence story», «Make a 1-minute museum guide talk», «Interview the
character», «Create a dialogue with disagreement», «Defend one interpretation» cnsaKTbl HOTUXE
aHblIK 60/Ybl KEPEK.

BeciHwWi wapT - Kepi bannaHbic HipaeH KaHe enwemmeH bepineai. MyFranim ap OKyLLbIFa
y3aK Nikip *ka3yfa miHaeTTi emec. bipak «one strength, one correction, one next step» popmynacsl
KO/ AaHbINCa, OKYLIbI Keneci cabakTa HaKTbl He XaKkcapTaTbiHbIH binea;.

KopbITbIHAbI

AfbINWbIH Tini cabafbiHOA@ apT TEXHOMOMMACbIH KOAAAHYAbIH, TUIMAINIM OHbIH CbIPTKbI
TapTbIMAbI/NbIFbIHAA eMeC, coneyai TyAblPaTbIH iLKI daicTeEMENiK MexaHn3MiHae. KepKem cTumyn
OKYLLIbIHbIH, OMbIH 0ATabl, pedaeKkcHanbiK AanblHAbIK CON oMbl Tindik dopmara Tycipeai, task-
based transfer oHbl HaKTbl KapbiM-KaTblHacka aWHanabipazbl. Ocbl yw KeseH Oip Kyhene
KonaaHbinFaHaa, ART TexHonormackl OKyubiHbIH, fluency, accuracy, pronunciation, interaction
*KaHe content clarity KepceTKiwTepiH AambiTyFa OafbiTTaNFaH TONbIKKAHAbI NeAarormkanblk Kypan
6ona anagbl. Foiabimn TypFblgad ART moaeni bipHelwe 6arbiTTbl OipikTipeai: CEFR-geri action-
oriented approach, output hypothesis, task-based language teaching, multimodal pedagogy,
drama-based pedagogy skaHe culture and arts education. byn 6annaHbIC apT TEXHO/IOTUACHIH XKeKe
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«KbI3bIKTbl 84ic» emec, Kasipri Tingik b6inim bepyaiH Kypaeni TananTapbiHa ayan OepeTiH
WMHTErpaTUBTI MOAENb PETIHAE KapacTbipyFa Heri3 bepea;.

MpaKTUKaNbIK TYPFblAaH MOAENb Kannbl opTa mekTenTe berimaenyre konamnbl. On Ken
Kypan Tanan eTnenai: canasbl CypeT, KbicKa beliHe, My3blKa Y3iHAici, 3aT, KOJiNaxk Hemece peniik
KapTouKa MEeTKINIKTI. bipak MyfanimHiH Kacibn ganbiHAbIFbl MaHbI3abl. Kepkem matepuan aypbic
TaHganmaca, Tingik Tipek bepinmece, baranay esemi aHblK Oosimaca, TEXHOMOMMA HaTUXKe
bepmenai. demek, ART TexHONOrMACbIHbIH, canacbl MyfaniMHIH KepKemM maTtepuanibl ceinney
MaKcaTblHa 421 bafblHAbIPY KabineTiHe Tayenai.
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ABSTRACT: Although hemodialysis machines are central to renal replacement therapy, their
diagnostic and safety subsystems have lagged behind advances in modern biomedical engineering
and sensor technology. Many still rely on fixed parameters rather than real-time physiological
monitoring. Key components—including temperature sensors, pressure sensors, air-bubble
detectors, and electric motors—remain outdated and may compromise patient safety and
treatment efficiency. Dialysate temperature control, for example, often lacks rapid response or
patient-specific adaptation, increasing the risk of hypotension, thermal stress, or discomfort.
Likewise, limited motor self-diagnostics can delay detection of failures, and current air-bubble
detection remains relatively primitive despite the risk of embolism. Patient weight-loss monitoring
is also insufficiently sophisticated to prevent complications. Modern non-invasive sensors,
predictive algorithms, and multi-layered safety architectures used in other medical fields could be
integrated into dialysis systems. Upgrading these subsystems with advanced diagnostic sensors is
urgently needed to improve reliability and patient outcomes.

KEYWORDS: Air-bubble detection, electric motors, patient weight-loss monitoring, pressure
sensors.

INTRODUCTION

Hemodialysis machines are a critical component of renal replacement therapy and are
used worldwide to sustain patients with end-stage kidney disease. Despite decades of use, the
core diagnostic and safety subsystems of these devices have not evolved as rapidly as advances in
biomedical engineering and sensor technology would allow. Most commercial units still operate
with fixed parameters and limited real-time physiological feedback, which can compromise
treatment efficiency and patient safety.

Several key components illustrate these shortcomings. Temperature and pressure sensors
frequently lack the precision and responsiveness needed to stabilize dialysate conditions during
rapid physiological changes. Even small deviations in dialysate temperature may lead to
hypotension, thermal stress, or discomfort, while inaccurate pressure monitoring can delay the
detection of vascular access problems. Air-bubble detection systems remain relatively primitive
despite the severe risks of embolism. Electric motors and their controllers also offer minimal self-
diagnostics, allowing failures to progress unnoticed until symptoms appear. Furthermore, patient
weight-loss monitoring remains insufficiently sophisticated to anticipate fluid removal
complications.

Modern non-invasive sensing technologies, predictive algorithms, and multi-layered safety
architectures have been successfully deployed in other medical fields but are not yet fully
integrated into dialysis systems. This paper highlights these gaps and proposes an enhanced
diagnostic sensor system that combines updated temperature, pressure, and air-bubble sensing
with improved motor diagnostics and patient weight-loss tracking. By outlining the limitations of
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current designs and the feasibility of advanced sensor integration, we aim to motivate a new
generation of hemodialysis machines with improved reliability and patient outcomes [6].
RELATED WORK

Safety monitoring in hemodialysis machines has traditionally relied on air detectors and
pressure sensors, yet limitations persist in sensitivity, calibration, and integration.

Air embolism remains a major risk in extracorporeal circulation. Conventional ultrasonic or
IR detectors can miss microbubbles, allowing them to pass through venous traps undetected [1].
To improve sensitivity, capacitance-based detection systems have been proposed for dialysis
applications, showing promising accuracy in identifying small bubbles [2]. Computational fluid
dynamics studies have also optimized bubble-removal devices, highlighting design parameters
that improve efficiency [3].

Pressure monitoring is another cornerstone of hemodialysis safety. Traditional systems
measure arterial, venous, and transmembrane pressures, but issues such as drift and delayed
response reduce reliability. Recent research has explored continuous noninvasive blood pressure
estimation during dialysis, providing early detection of hypotension events [4]. Broader reviews
emphasize the importance of integrated monitoring and smarter safety architectures in dialysis
devices [5].

Our work builds on these approaches by combining high-sensitivity bubble detection with
high-resolution pressure sensing, enabling cross-validation of anomalies and earlier detection of
faults than current standalone systems.

PROPOSED METHOD

Our enhanced hemodialysis monitoring system introduces three core innovations: (1) an
integrated air and temperature detection module using IR photodiodes and DS1624 digital
thermal sensing to ensure early identification of embolism risks and overheating events, (2) the
deployment of high-resolution piezoresistive pressure sensors (CYX19 series) across critical flow
channels to capture deviations from calibrated ranges in real time, and (3) motor current—based
diagnostics for DC pump operation, enabling detection of abnormal load conditions that may
cause inaccurate fluid removal.

Together, these components provide cross-validated monitoring of flow, pressure, and
safety events, reducing the likelihood of undetected faults. Unlike existing standalone systems,
our method offers continuous calibration feedback and redundancy across sensing modalities,
ensuring more reliable control of ultrafiltration and prevention of excessive patient weight loss
during treatment.

ALGORITHM DESCRIPTION (OR SYSTEM ARCHITECTURE)

Our system integrates three modules:

(1) Air/Temperature Detection — IR photodiodes and DS1624 sensor monitor venous line
safety.

(2) Pressure Monitoring — Four piezoresistive CYX19 sensors (S1-S4) track inlet, outlet,
balance, and bicarbonate pressures.

(3) Motor Diagnostics — DC motor current sensing detects pump malfunctions.

All data streams converge in a control unit, where anomalies are cross-validated.
Confirmed faults trigger automatic pump shutdown and alarms, ensuring early prevention of air
embolism, overheating, and excessive ultrafiltration.

EVALUATION

The proposed approach was tested through pressure measurements on the hemodialysis
machine. Four calibration points were observed: purified water flow, flow pump, degassing pump,
and loading channel. In normal operation, pressures remained within the expected ranges (e.g.,
flow pump = 2225 mbar, degassing = —815 mbar).
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When the degassing pump was intentionally impaired, the pressure values shifted outside
the normal range (—330 to —860 mbar), confirming that pump faults can be detected by monitoring
pressure deviations. This demonstrates that additional pressure sensing provides a reliable way to
identify malfunctions and prevent inaccurate fluid removal during dialysis.

CONCLUSION

We presented an enhanced monitoring concept for hemodialysis machines focused on
pressure-based fault detection. Our experiments demonstrated that deviations in calibrated
pressure ranges can reliably identify pump malfunctions and prevent inaccurate fluid removal.

By adding advanced pressure sensing, temperature monitoring, air detection, and multi-
layered safety mechanisms, existing dialysis machines can achieve greater protection and
reliability. In particular, the use of additional pressure sensors helps control fluid balance more
precisely, reducing the risk of excessive patient weight loss when the device does not function

properly.
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YHUKABHbBIN KITMHUYECKMI CTYYHAN.
MaccmBHaa Tpomboambona Néro4Hom
apTepumn B paHHeM nocaepoJ0BOM
nepmnoae rnocie reCapeBa Ce4eHMA

Aknmbaesa HaHap

[oktop PhD, 3amecTtutenb AMpeKTopa No KAnHMYecKon paboTte. Kacnmnckmni
00OLLEeCTBEHHbIN YHMBEPCUTET

bantaes MyxamezgaH Hypanmesny

3aMecTUTeNb ANPEKTOPa No nevyebHOoM YacTn. ATMaTMHCKaa MHoronpodumabHan
KAMHMYecKan 6onbHMLA

MapxaTtoBa lynb3apa AbaynnaesHa

3aBe YoM KapaAnONOrnMYeckum otaeneHne. AnIMaTMHCKaa MHoronpoduabHas
KNMHUYecKan 6oabHMLA

AHHOTauuA

Lenb: npeactaBuTb peakuit  KAMHWYECKMI caydat Tpomboambonunm obenx BeTBew
néroyHon aptepun (TI/TA) y MONOAON MKEHLWMHbI B 32-e CYTKM MOC/e KecapeBa CeYeHUs C
COYeTaHHbIMM  baKToOpamM puUCKa M ychnewHbIM Kcxogom 6narogapa CBOEBPEeMeEHHOM
MYAbTUANCUMNANHAPHON Tepanuu.

OnucaHue cnyyan: naumeHTKa NoCTynmAa B TAXKENOM COCTOAHMUM C BbIPaXKEHHOM OZbILLKOM,
Taxukapamen 4o 200 ya/MuH, HapacTatollein AblxaTeNbHOM HeA0CTaTOYHOCTLIO. 10 pesyabTaTam
KOMM/IEKCHOM AMarHOCTUKM noaTsepykaeHa TIJ/IA NpoMeEXKYTOUYHO-BbICOKOrO pucka. fleyeHue
BK/IOYANO CUCTEMHbIM TPOMDBOIM3NC, HEPPAKLUMOHUPOBAHHBLIA renapuH Cc MNocaedytowmm
nepexoAoM Ha puBapoKcabaH, OKCUMreHoTepanuio, aHTUAPUTMUYECKYHO Tepanuio, KOPPEeKLMIo
3NEKTPOSIUTOB M MOHUTOPUHT KMU3HEHHO Ba*KHbIX GYHKLMNA.

3aKkntoueHme: cnyvan AeMOHCTPUPYET KPUTUYECKYIO BaXKHOCTb PaHHEro BbiABaeHmna TI/1A
y MOC/NepoAoBbIX MALUMEHTOK, 3HAYMMOCTb OLEHKM (aKTOpOB pucka ©n  3GDEeKTUBHOCTb
MYNbTUANCUMNAMHAPHOIO NOAX0Aa.

Kntouesble cnosa: Tpomb0ambonna NEro4HOM apTepmmn, NOCNEPOA0BOMN NePUOA, KECapeBo
ceyeHme, BEHO3HbIM TPOMDO03, puBapoKcabaH, AbixaTe/ibHaA HEAOCTAaTOYHOCTb.

BeeaeHue

Tpomboambonusa néroyHor aptepum (TDJ1A) saBnseTca ofAHOM M3 Hambosiee OMacHbIX
MNPUYMH MATEPUHCKOM CMEepTHOCTM B MOCAEPOA0BOM nepuode. PUCK  TPOMBOTMYECKMX
OC/IOXKHEHMI Noc/e Kecapesa ceyeHusa BO3pacTaeT B 3—5 pa3 Mo CPaBHEHWUIO C eCTECTBEHHbIMM
poAamu. [lonofHMTEeNbHAA XMPYypruMyeckas TpaBma, TUMNEepKoarynsumsa, BEHO3HbIM CTas U
onepaumu B NocnepoaoBom nepunoae GopMUpPYOT NPeAnockIIKK A8 TPOMb603a ryboKMX BEH U
nocneaytouLert ambonunn.
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MpeAcTaBAEHHbIM  CAyYalh WHTEPeceH Cco4YeTaHMeM HECKOAbKMX (aKTOPOB PUCKa,
CTPEMUTE/NIbHBIM PAa3BUTUEM [bIXaTebHOM HEAOCTATOYHOCTM 1 YCNELHbIM Pe3y/1bTaTOM Sie4eHumA
C NpoBeAeHNEM TPOMDBOIUTUYECKON Tepanuu.

MaTtepuansl U MeToab!

MpeactaBneH  pPeTPOCNEKTUBHbIM — aHA/NM3  aHAaMHe3a,  OODBEeKTMBHbIX  AaHHbIX,
NabopaTopHbIX MOKasaTenen, WHCTPYMEHTaNbHbIX WCCNeAOBaHUMA W AMHAMWKM  NeYeHus
MNAUMEHTKM B paHHEM NOCNEPOAOBOM NEPUOAE.

[uarHo3bl noaTeep:kAeHbl No Kputepmam ESC, wkanam pucka PESI, Wells, Geneva, Bova.

OnucaHue KANHUYEeCcKoro cny4as

MaumeHTKa: HKeHuwmHa, 30 neT, 32-e CYyTKM MOC/e KecapeBa CeYeHMA M XMPYPruyeckom
KoppeKLuun npomexkHocTn. MHoroposkasiwan. UMT 31,9 (oxupeHue | ctenenn).

daKTOpbI pPUCKa:

. NoCcnepo0BoO Nepmos,

. KecapeBo ceyeHune

. MOBTOPHAA XMpypruyeckan onepauma

. nNocTdNebUTUYECKNIA CUHAPOM NPABOM HUMKHEN KOHEYHOCTM
. rMnoaMHamma nocse poaos

*anobbl Npy NOCTYNAEHNUN:

. BbIpaKeHHaA OAbllWKa B NOKoe
. 4yBCTBO HEXBATKM BO3AyXa

. Taxukapama go 200 ya/muH

. cnabocTb, ro/I0BOKPYKeHNE

. AMckomdopT B rpyAHOM KNeTke

Bpuraga ckopoi nomolLyM A0CTaBMAa NALUMEHTKY B CTalMoHap Yepes 1 yac nocie Havana
CMMMNTOMOB.

OB6bEKTUBHBIN CTaTyC

Mpw nocTtynaeHnm:

. COCTOAHME — CpeHEeTAXENoe

. 4YCC — 200 ya/muH

. A — 100/60 mm pT. CT.

. SpO, cHUeHa (B aHanmzax pO, 31-49 mm pT. cT.)
. [AblXaHWe ocnabneHHoe B HUKHMX OTAeNax

. KOXKHble MOKpPOBbI bneaHble

. Npu3Haku rmnonepdysmm
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NabopaTopHble faHHbIe

XapaKTepHble USMEHEHMUA:

. aHemus (Hb 111 r/n)

. runopubpuHoreHemms (1,3 r/n)

. rmnokanmemma (K* 3,1 mmons/n)

. meTabonmyeckuit aumaos (pH 7,27-7,31)

. noBbllWeHne NaktaTa 4o 5,0 MMOAb/N —> BbipaskeHHan TKaHeBas rMNoKCus

ﬂ,marHocmquKme LKanbl:

. PESI — 70 621108 (NPpOMENKYTOUYHbIN PUCK)
. Wells — 3 6anna

. Geneva — 7 bannos

. Bova — 3 6anna

MNoaTtsepxaeHa TIJIA oboux BeTBel J€royHon apTepum (126.9), AbixaTenbHas
HeAOCTaTOYHOCTL |l cTeneHu.

NleyeHue

1. MaumeHTKe 6blna NpoBeaeHa MHTEHCUBHAA Tepanus:
e CuctemHasa TpombonuTedkas Tepanus -Pesekapa 50mr
e HO®I noa KoHTposiem AYTB
* [lepeBog Ha puBapoKkcabaH 15 mr x 2 pasa/cyT (no pekomeHgaumam ESC ana TI/1A)

2. PecnnpaTopHada noaaepxKa
o oKcureHoTepanua 2—6 1/MuH
. MOHWTOPUHT razos Kposu 1 KLLC

3. MHdy3mnoHHas Tepanus
. KOPPEKLMA rmnoKaamemmnn (Kanmi xnopua)
. noaAep*KaHne BOAHO-3/1EKTPOIMTHOrO BanaHca

4. AHTMAPUTMMYECKaA Tepanua
e buconponon
*  V3onTuH
e [JlNrokcuH

5. AHTMbaKTepuranbHas Tepanus
. npenapaTtbl uUedanocnopuHosoro paga (Ued IllI) — npodunaktmka
NHDEKLMOHHbBIX OC/IOKHEHWI
6. [lononHuTeNbHaA Tepanua
. beTa-610KaTOPSI

. ractponpoTekuma (Omes)

7. MynbTMaANCUMNANHAPHbIA NoAX0A,

185



I Proceedings of the 12th International Scientific Conference

MaumeHTKy BeIM COBMECTHO:
KapAmMoaorM, peaHMMaTosIorM, akylWwepbl-TMHEKON0MN, aHTMOXMPYPIK, Cneumannctsl no
Tpombo3am.

PeaynbTathl

Ha doHe Tepanmm oTMeyeHa NoNoKUTENbHAA AMHAMMKA:

. cHuskeHne YCC ¢ 200 go 90-110 ya/muH

. HOpMaM3auma caTypaumm 4o 96-99%

. YMEHbLLEHME OZbILLIKN

. cTabunmsauma Al

. HOpPMaN3aLMA KNCNOTHO-LLEIOYHOTO COCTOAHMA
. YMeHbLLEeHMe naktaTta

. yAyylleHne obLero coctoaHma

MaumeHTKa BbINMcaHa B yA0BAETBOPUTEIbHOM COCTOAHMM C PEKOMEHAALMEN NPOAOIKUTb
aHTUKOAry/AHTHYIO Tepanunio U HabaoaeHWe y Kapanoora.

Ob6cyxaoeHne

MpeAcTaBAeHHbIA  C/AyYal  OTPaXKaeT TUMWYHY0, HO PeaKOo  AMArHOCTMPYEMYHO
KNMHMYECKYIO CUTyaLUMilo — pas3BuTMe maccuBHoM TIJIA y poXeHul, Ha ¢oHe codyeTaHun
aKyLIEePCKNX M BEHO3HbIX paKTOPOB PUCKa.

YHUKANbHOCTb KJAMHUYECKOTO Cy4aa NauMeHTKM 3aKNKYaeTCa B:

1. MNocneposoBoMm, NOCAE0NepPaLMoHHOM nepmode 32 cyTku. Pybel Ha maTke
noc/ie KecapeBo CeYeHUA.

2. OHOBPEMEHHOM CENIZEIZIY onepaTMBHbIX BMeLLATeNbCTB-
nocnenepeHnokonbnoporpadum 5 cyTku;

3. dddeKkTMBHOM CcTabuamsaumMm CcocToAHMA  C MOMOLLbIO NpoBeaAeHMA
CUCTEMHOM TPOMDOIUTEYECKOM Tepanum, ¢ NOCAeayoWMM NepexosomM Ha
NPMEM aHTUKOAryAsHTOB, HECMOTPA Ha MPOMEXKYTOYHbIN BbICOKMN PUCK MO
wKkanam PESI u  Geneva, KAWHM4YecKasa KapTuMHa W JsabopaTopHble
NOKa3aTeNM yKas3blBaM Ha Yrpo3y yxyAlWeHWA COCTOAHMA, YTO CTano
OCHOBaHMeM ANA NPOBeAeHMA CMCTEMHOro Tpombonmsmca.

4, BaXXHOCTU paHHeM ANArHOCTUKM N KOMaHAHOIo BeaAeHMA NaUunMeEHTKN.
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3aKkaoyeHmne

T3/1A B nocneponoBom nepuoge TpebyeT BbICOKOM HACTOPOMKEHHOCTU WM ObICTPOro
pearvpoBaHuA. [laHHbIM CayyYalt AEMOHCTPUPYET, YTO CBOEBPEMEHHAS AMArHOCTMKa, NpoBeaeHMe
CUCTEMHOM TpombomTeyeckomn Tepanuu C nocaeayowmm nepexonom Ha
HedbpaKLUMOHMPOBAHHbIN renapuH, Janee Ha NpMeM MPAMOro OpPasbHOrO  aHTMKOAryasHTa M
MYAbTUANCUMMAMHAPHBIA Noaxod cnocobHbl obecneyntb 61aronpuATHLIA UCXOo4d, Aaske Mpu
BbICOKOM CTEMNEHN pUCKa.

KoHMAMKT MHTEepecoB: ABTOPbLI 3aABAAIOT 06 OTCYTCTBMU KOHGIMKTA MHTEPECOB.
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Nutepatypa

Konstantinides S. et al. 2019 ESC Guidelines for the diagnosis and management of acute
pulmonary embolism. Eur Heart J.

Bates S. et al. VTE in pregnancy: ACOG and ACCP recommendations.

Greer |. Postpartum venous thromboembolism: incidence and risk factors. Thromb Res.
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ONATHOCTUKA SXMHOKOKKO3A MEYEH
Y NETEN

OnnabepreHos Oannbek ToXnaanHoBMY

[oueHT Kadeapbl AETCKON XMPYPIrUn, YPOAOrMn, AETCKON YPONOTUN, aHECTE3MONOTNM U
PeaHMMaTONIOMMKM, AETCKOM aHECTE3MONOTNUM U PEAHUMATONOIMM TaLLKEHTCKOTO
rocyZapCcTBEHHOIO MeANLIMHCKOro YHUBEPCUTETA, AOKTOP MEAMLMHCKUX HAYK.
ORCIDiD: 0000-0002-7366-8680

MNapnnes Mupsnéa Mupcantosmy

CcBOOOAHbIM COMCKaTeNb Kadeapbl AETCKON XMPYPTMK, YPOIOTK, AETCKOM YPOAOrnuy,
aHecTe3no0rmMmn N peaHMMaToNorMm, AETCKOM aHEeCTE3MON0MMM U PEaHMMATONOMNN
TalKeHTCKOro rocy4apCTBeHHOro meamumHcKoro yHmsepcmuteta, ORCIDID: 0009-0002-
7384-8101

AKTyanbHOCTb NPobaembl: IXMHOKOKKOBasA 60/1€3Hb Yy AeTEN Ha NPOTAKEHUWN ONUTENBHOIO
BPEMEHWN CUMTAETCA aKTyaslIbHOM NPobAEeMON MeAWLMHCKOM NapasnTonorMm. BeiaBneHne aToro
3a00/1€BaHNA HA pPaHHUX CTAaAMAX Pa3BMTUA NpPeAcTaBAAeT TPyAHYK 3adady, YTO CBA3AHHO C
OTCYTCTBMEM YETKOM KIMHUYECKON CUMMNTOMATUKM U Xanob 6onbHoro. B 6onblIMHCTBE Cayyaes
b6onbHble 0OpawaTcd B MEAMUMHCKME  YYpeXAEHWs NOoCae  BbIABNEHMA KUCT  Npu
NPOUNAKTUYECKMX OCMOTPax C MNPOBEAEHMEM PEHTIEeHONOTMYECKMX W YAbTPa3BYKOBbIX
nccnefoBaHnim.

Llenb uccnepoBaHuma:  oueHKa MHGOPMATMBHOCTM Pa3/IMYHbIX METOA0B AMArHOCTUKM
9XMHOKOKKO3a Yy AeTen.

Matepuan 1 MeToabl UccnefoBaHma. NpoaHann3npoBaHbl pe3ynbTaTthl neveHnsa 193 geten
B BO3pacTe OT 3-X A0 18 fieT C 3XMHOKOKKO30M NeYeHu, nposaeveHHbix B nepmnog ¢ 2018 no 2024
r. B KAMHWKK TawlMMMN.

PesynbTaThl unccnepoBaHua. [lpoBedeHHble MeTOAbl  YNbTPA3BYKOBOM  AMArHOCTUKM
MOCTYMMBLUNX B HaLWy KAMHWUKY BONAbHbLIX MO3BOAMAM BbisiBAeHUto B 114 (59,1%) HabaooeHUnax
OLMHOYHbBIX SXMHOKOKKOBBLIX KUCT MEYEeHU, MHOMECTBEHHOE KWUCTO3HOE MOpaXKeHWe nevyeHu
BbiABAEHO Y 79 (40,9%) 60nbHbIX. N3 0obliero Koamnyectsa 60/bHbIX B 35 (18,1%) HabaoaeHUAX
BbIABNEHbl OC/IOMXHEHHbIE 3XMHOKOKKOBbLIE KWUCTbl MeyYeHW, KOTopble BCTPEYaIMCb KaK npu
OOMHOYHbIX, TaK WM MPU MHOXKECTBEHHbIX MOPAXKeHMAX nevyeHW. Hambonbluaa nokanmsaums
9XMHOKOKKOBbIX KMCT B MeYeHW NpUXoAmMaach Ha Npasyto Aot n coctasnno 150 (77,7%) cnydyaes,
Npv 3TOM B 1€BOWN A01€ NeYeHU KUCTbI BbiABAeHbl B 17 (8,8%) HabntoaeHMAx, nopaxkeHune obeunx
[onen neveHu BbiABaeHO y 26 (13,5%) 601bHbIX. YNbTPa3BYKOBaA KapTMHA SXMHOKOKKO3a NeveHun
BO MHOrOM 3aBucena OT MNepuoda KU3HeLeATeNbHOCTM napasuTa (HEOCNOXKHEHHaAA W
OC/NIOXXHEHHAA KMCTa). YNbTPa3ByKoBadA AMArHOCTMKA NO3BOMIA HAM ONPeaennTb TaKTUKY, BbIBop
MeToZa M cnocoba XMPYPruyeckoro Se4YeHMA SXMHOKOKKO3a MeyveHW, KoTopble 3asBucenn ot
NOKaNM3aLmKM, pasmMepoB, KOMMYECTBA KWUCT, CTaauu 3aboneBaHMA W BMAA OC/OKHEHWA.
NHbOPMaTUBHOCTL JaHHOMO nccaenosaHma 6onee 90%.

O630pHas peHTreHorpadma rpyAHOM KNeTKM ABNANACL NepBooYepesHbIM U 06A3aTeNbHbIM
CKPUHMHI-METOA0M Y BCeX DOMbHbIX C 3XMHOKOKKO30M NEerkuUX A1A BblABNEHWA NMapasmvTapHOro
nopaskeHua, eé MHOOPMATUBHOCTb B HALLIMX MCCAeaoBaHMAX AocTMrana 91%.

KT valle BCero NnpoBOAU/IM NP MHOXECTBEHHOM M COYETAHHOM MOPAXKEHWUAX, MPU MasblX
pasMepax KUCT ANA YyCTaHOBJIEHMA TOYHOrO TOnMYeckoro amarHosa. KT u Y3M nossonnnum
CYLLECTBEHHO YNYYlWMNTb ANATHOCTUKY IXMHOKOKKO3a Y AeTel 1 B 98-99% HabntogeHn nocTaBuTb
NpPaBU/bHbIM AMarHo3 3aboneBaHus.
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3akntoyeHme. Takmm 00pa3om, CpaBHUTENbHbIM aHaNW3  AMArHOCTUYECKMX MeTOO0B
MCCNenoBaHMA MOKasaa, YTO paspellatolive BO3MOMKHOCTM KaXKAoro MeToAa 3HaYUTeNbHO
OT/INYAOTCA MeXay COHOM, MPU 3TOM AOCTYMHbIMU U NepBOOYEPEAHbIMMN B3aMMOAOMNOMHAWMMM
MeToZamMM 061a4aloWMMM BbICOKOM MHOOPMATUBHOCTLIO NMPWU 3XMHOKOKKO3e ABaatoTcs Y3U u

PEeHTreHoONorm4ecku n meToa.
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MODERN METHODS OF RADIATION
DIAGNOSTICS ECHINOCOCCOSIS OF THE
LIVER IN CHILDREN

Parpiev M.M.

Departments of Pediatric Surgery, Urology, Pediatric Urology, Anesthesiology and
Intensive Care, Pediatric Anesthesiology and Intensive Care of Tashkent State Medical
University

Ollabergenov O.T.

Departments of Pediatric Surgery, Urology, Pediatric Urology, Anesthesiology and
Intensive Care, Pediatric Anesthesiology and Intensive Care of Tashkent State Medical
University

Terebaev B.A.

Departments of Pediatric Surgery, Urology, Pediatric Urology, Anesthesiology and
Intensive Care, Pediatric Anesthesiology and Intensive Care of Tashkent State Medical
University

The relevance of the problem: Echinococcal disease in children has been considered an
urgent problem of medical parasitology for a long time. Detection of this disease in the early stages
of development is a difficult task, due to the lack of clear clinical symptoms and complaints of the
patient. In most cases, patients go to medical institutions after cysts are detected during
preventive examinations with X-ray and ultrasound examinations.

The aim of the study: was to evaluate the informative value of various methods for
diagnosing echinococcosis in children.

Research materials and methods: The results of treatment of 193 children aged 3 to 18 years
with liver echinococcosis treated in the period from 2018 to 2023 at the TashPMI clinic were
analyzed.

The results of the study: The performed ultrasound diagnostic methods of the patients
admitted to our clinic revealed single echinococcal liver cysts in 114 (59.1%) cases, multiple cystic
liver lesion was detected in 79 (40.9%) patients. Of the total number of patients, 35 (18.1%) cases
revealed complicated echinococcal cysts of the liver, which occurred in both single and multiple
liver lesions. The greatest localization of echinococcal cysts in the liver occurred in the right lobe
and amounted to 150 (77.7%) cases, while cysts were detected in the left lobe of the liver in 17
(8.8%) cases, damage to both lobes of the liver was detected in 26 (13.5%) patients. The
ultrasound picture of liver echinococcosis largely depended on the period of vital activity of the
parasite (uncomplicated and complicated cyst). Ultrasound diagnostics allowed us to determine
the tactics, choice of method and method of surgical treatment of liver echinococcosis, which
depended on the location, size, number of cysts, stage of the disease and type of complication.
The informative value of this study exceeded 90%.

Chest X-ray was the primary and mandatory screening method in all patients with
echinococcosis of the thoracic and abdominal cavities to identify parasitic lesions of various
localization, its informative value in our studies reached up to 91% of observations.

MSCT was most often performed for multiple and combined lesions, with small cyst sizes to
establish an accurate topical diagnosis. MSCT and ultrasound made it possible to significantly
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improve the diagnosis of liver echinococcosis in children and correctly diagnose the disease in 98-
99% of cases.

Conclusion. Thus, a comparative analysis of diagnostic research methods has shown that the
resolution capabilities of each method differ significantly from each other, while ultrasound and
MSCT research methods are available and primary complementary methods with high informative
value in echinococcosis.
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Comparative dynamics of neutrophil
mitochondrial activity across resveratrol
delivery routes

Panov Stanislav Alexandrovich

LMB Clinic, Almaty, Kazakhstan

Makanova llona Olegovna

Year-1 DBI (Healthcare) doctoral student; expert in healthcare management and
innovation, International Business School, Al-Farabi Kazakh National University, Almaty,
Kazakhstan

Mazneva Valeria Mikhailovna

LMB Clinic, Almaty, Kazakhstan

Starodubtseva Daria Alexandrovna

Nano-identica, Almaty, Kazakhstan

Almasbekova Saule Serikbolkyzy

4th-year medical student, S.D. Asfendiyarov Kazakh National Medical University, Almaty,
Kazakhstan.

Voronov Denis Dmitrievich

Nano-identica, Almaty, Kazakhstan

Background. Neutrophils are a tractable biosensor for systemic mitochondrial status. We
implemented a “mitochondrial passport” based on intravital fluorescence of live leukocytes and
compared the impact of different trans-resveratrol delivery routes [1, 2].

Methods. Prospective pilot in healthy adults (27-38 y; n=74): pellets 200 mg (n=16; ~91%
bioavailability), transdermal 100 mg (n=20; ~95%), capsules 4000 mg (n=18; ~+30% vs. standard),
tablets 500 mg (n=20; ~1% effective, first-pass). Metrics at baseline and 1 month: leukocytes with
mitochondrial accumulation (MA), spontaneous membrane damage (oxidative stress, OS), NBT
(oxygen-energy metabolism), phagocytosis, and ribosomal accumulation [3].
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Results.
Table 1. Comparison of different methods of resveratrol delivery and its effect on leukocyte
mitochondria depending on bioavailability

=16)
standard) (n=18)
=20)
Resveratrol tablets 500 mg
(bioavailability 45%, first pass rule:;(();)é,

total bioavailability about 1%) (n

visualized in all fields of view
(bioavailability 95%) (n

Resveratrol pellets 200 mg (total
bioavailability about 91%) (n

Normal % of live stained leukocytes
Japan (bioavailability +30% of the

Resveratrol capsules 4000 mg 1GS4000,
Resveratrol 100 mg transdermally

H
N
N
N

to | month | growth | to | month | growth | to | month | growth | to | month | growth
after after after after

Protein
metabolism
(number of

leukocytes with
accumulation of
ribosomes)

60-80 | 39 63 38,1 20 30 33,3 30 57 47,4 49 52 5,8

Mitochondrial
activity (number
of leukocytes
with
mitochondrial
accumulation)

30-60 0 47 100,0 | 10 23 56,5 11 38 71,1 11 20 45,0

Oxidative stress
(test of
spontaneous
assessment of 0-20 50 18 -177,8 | 35 50 30,0 70 23 -204,3 | 50 33 -51,5
leukocyte
membrane
damage)

Oxygen and
energy

metabolism of 30-60 15 18 16,7 0 68 100,0 17 33 48,5 55 67 17,9

granulocytes
(NST test)

Phagocytosis of
granulocytes 40-60 27 35 22,9 10 18 44,4 30 37 18,9 27 35 22,9
(latex test)

Conclusion. Delivery route and effective bioavailability critically shape neutrophil
mitochondrial response to resveratrol. Pellets 200 mg and transdermal 100 mg outperform oral
tablets and avoid the unfavorable OS rise seen with high-dose capsules. The mitochondrial
passport is a sensitive, low-burden biomarker to personalize resveratrol delivery.

References (selected):

1. Baltabekov N.T., Panov S.A., Kashikova Kh. A randomized trial of the role of
neutrophil mitochondrial dysfunction in the medical rehabilitation of patients receiving palliative
chemotherapy for metastatic colorectal cancer (Original Article) Gazz Med Ital - Arch Sci Med;
2025; May;184(5):443-51 doi: 10.23736/S0393-3660.25.05900-5 2. 13.
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3. Patent for Utility Model No. 6180, Baltabekov N.T., Panov S.A., Saidvakasov R.A.
"Method for Assessing Neutrophil Activity in Cancer Patients"
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EPIDEMIOLOGICAL INDICATORS AND
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Annotation: this scientific and analytical work presents modern world and local-regional
data on incidence, mortality, lethality and five-year survival rate of such a common oncological
pathology as thyroid cancer. The issues of etiology and pathogenesis, modern approaches and
principles of complex diagnostics, prospects for improving treatment results, as well as the
prognosis are covered in detail. The epidemiological characteristics of this pathology in our
republic are given in the context of the regions of the country.

Key words: oncology, endocrinology, primary care, thyroid gland, thyroid cancer,
biomarkers, RNA, ultrasound examination, epidemiology, incidence, mortality, lethality, five-year
survival rate, prognosis.

Thyroid cancer (TC) is a malignant tumor that develops from thyroid tissue. The following

diagnostic criteria for TC are distinguished. Complaints about: enlargement of the gland;
appearance of a tumor on the anterior and lateral surface of the neck; change in voice (with tumor
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growth into the recurrent nerve); rapid tumor growth; shortness of breath, feeling of lack of air
(with tumor growth into the recurrent nerve, upper respiratory tract). Anamnesis: thyroid disease
(hypothyroidism, euthyroidism, hyperthyroidism, thyroiditis); long-term use of antithyroid drugs;
ionizing radiation; history of radiation therapy to the head and neck. Physical examination: 1) upon
examination, neck deformity (uniform swelling on the anterior surface of the neck, asymmetry
due to an increase in any part of the thyroid gland, an increase in regional lymph nodes); 2)
palpation examination of the thyroid gland - the presence of a nodular formation in the thickness
of the thyroid gland, dense consistency; 3) palpation examination of regional lymph nodes - dense
consistency, painful, mobile, immobile, partially mobile.

Laboratory tests: cytological examination; histological examination. Immunohistochemical
examination: TTF-1, determination of calcitonin, fine-needle aspiration biopsy. All patients
diagnosed with medullary TC or a family history of medullary TC or multiple endocrine neoplasia
syndrome type 2 are recommended to undergo genetic testing to determine the germline
mutation rearranged during transfection (RET) in order to determine the prognosis of the disease.

Instrumental studies: 1) ultrasound examination of the thyroid gland (determines the
structure of the gland and tumor, the presence of a nodular formation, cystic cavities, size,
echogenicity); the protocol for ultrasound examination of the thyroid gland includes determining
the size, localization, ultrasound characteristics of the tumor; suspicious signs are (assessed only
in solid nodes orin solid areas of the nodes) hypoechoic solid structure; uneven, fuzzy or polycyclic
contour; point hyperechoic inclusions (microcalcifications); predominance of the anteroposterior
size of the node over the width ("higher/than/wider"); 2) ultrasound examination of the cervical,
submandibular, supraclavicular, subclavian lymph nodes (the presence of enlarged lymph nodes,
structure, echogenicity, size); The protocol for ultrasound examination of the thyroid gland and
regional lymph nodes should include assessment of the following parameters: size (it is necessary
to assess the diameter or anteroposterior size, and not the length; for all cervical lymph nodes,
except for level Il - the fascial cellular space of the neck (submandibular zone), the largest size is
no more than 0.6 cm, for level Il - no more than 0.8 cm); the ratio of the long and short axes; the
presence / absence of the gate; cystic changes; point hyperechoic inclusions (microcalcifications);
the nature of vascularization (gate or the entire lymph node); increased echogenicity of the lymph
node (similarity to normal thyroid tissue); the most specific signs that allow us to suspect
metastatic lesions of the lymph node are microcalcifications, a cystic component, peripheral
vascularization, and similarity of the lymph node tissue to the thyroid gland; less specific signs are
an increase in size, rounded contours, and the absence of a hilum; 3) computed tomography
and/or magnetic resonance imaging of the soft tissues of the neck and mediastinum (with contrast
- in the presence of invasion into the main vessels, with a retrosternal location), fine-needle
aspiration biopsy from the tumor (allows us to determine tumor and non-tumor processes, the
benign and malignant nature of the tumor); 4) skeletal scintigraphy (prescribed if bone metastases
are suspected); 5) positron emission tomography, positron emission tomography/computed
tomography of the whole body (performed to diagnose the prevalence of the tumor process or
the progression of the disease, or to assess the dynamics of the effectiveness of specialized
treatment) [1].

The thyroid or glandula thyroidea is an endocrine gland located in the neck below the
larynx in front of the trachea in mammals. In humans, it has the shape of a butterfly. It consists of
two lobes connected by a narrow bridge called the isthmus. Thyroid carcinoma or TC is a malignant
tumor of the thyroid gland. It is the most common malignancy of the endocrine (hormonal)
system, but is very rare, accounting for about 1% of all malignant tumors, however, it has been
increasing in frequency in recent years. TC is a malignant tumor of the glandular tissue of the
thyroid gland. There are different types of TC that arise from different cells in the thyroid gland.
TC comprises several categories: (1) differentiated TC (DTC), including papillary (PTC), follicular
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(FTC), and Huerthle cell tumours, (2) medullary TC (MTC) and (3) anaplastic TC. The long-term
survival rate of patients with differentiated TC is about 90%, whereas patients with poorly
differentiated TC types show a long-term survival rate of below 10% due to their resistance to
standard treatment options [2]. The latest Global Cancer Observatory survey from 2020 reports
that TC is responsible for 586,000 cancer cases worldwide [3].

Horgan D. et al. in their work they say that TC is the most common malignancy of the
endocrine system that affects the thyroid gland. It is usually treatable and, in most cases, curable.
The central issues are how to improve knowledge on TC, to accurately identify cases at an early
stage that can benefit from effective intervention, optimise therapy, and reduce the risk of
overdiagnosis and unnecessary treatment. Our colleagues focus on the fact that the approach to
TC needs a rethink to early and correct identification of patients and improve their patient journey
and treatment outcomes, including improved quality of life. All patients should be referred to
comprehensive cancer centres. Such an approach would instate an optimal patient management
mitigating overdiagnosis and overtreatment and would improve access to biomarker testing,
clinical trials, and appropriate systemic therapies for patients with advanced forms of TC. It would
also help establish focused national expertise on rare TC cases, promote research, training,
awareness, and facilitate international collaboration [4].

Treatment and molecular testing guidelines should be regularly updated at regional and
national levels to facilitate the reimbursement and availability for the most effective diagnostics
and therapies. In the most recent update of the clinical practice guidelines, ESMO highlights for
the first time the need to test for actionable cancer alterations in TC. It is essential that national
guidelines are coordinated with the European and international ones [5].

Quality comprehensive genomic testing should be incorporated in clinical practice (tissue
or liguid samples) for all TC patients that can benefit from targeted therapies. In order to facilitate
correct diagnosis, pathology practice, data collection and analysis, as well as communication with
the treating physicians should be improved, with the provision of registers based on pathology.
National cancer registries should distinguish specific diseases with standardised, quality-controlled
systems, including details of case management and including long-term survival data. National and
international data bases are needed not only for refractory TC, but for all types of TC. Thyroid
gland examination practices in the asymptomatic general population need updating. With the
rapid growth of big data analytics in genomics, imaging, and clinical outcomes, health systems
should make it possible to generate a personalised, data-driven risk profile to customise therapy
for individual patients, aiming for both long-term tumour control and manageable adverse effects
[4].

Silva S.N. [6] notes that TC is not just a common type of cancer, it is the most frequently
diagnosed endocrine malignancy worldwide. The etiology of TC is essentially multifactorial and
radiation is the best documented risk factor related to the disease. However, many questions are
still open and seeking clarification, especially regarding the genetic aspects of this pathology, with
clear implications not only on a scientific basis of the disease, but foremost in clinical oncology.
Thyroid gland tumours are a heterogeneous group of neoplasms that may arise from virtually any
of the different cell types that are present in the thyroid gland. Although the malignant tumours
are most frequently identified in thyroid follicular cells, it is clear that the molecular-genetic
characterization is crucial and should be further explored to emphasize differences in tumour
biological behaviours, aggressiveness, and disease prognostics. Papillary and follicular thyroid
carcinomas (PTC and FTC, respectively) represent 85-90% and 5-10% of TC cases, respectively,
arising from thyroid follicular cells. These tumour histotypes retain their morphologic features and
are often referred to as DTC. However, the etiology of DTC is still unknown. Considerable progress
has been made in the understanding of thyroid carcinogenesis, in part based on retrospective and
prospective studies published worldwide in recent decades, but also in the development of high-
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throughput approaches and the availability of improved diagnostic methodologies that lead to
early diagnosis. In fact, over the last few decades, the research in TC has highlighted the mutational
landscape leading to better understanding of the molecular pathogenesis of DTC.

The hallmarks of cancer have been identified with several potential targets involved in gene
expression deregulation, leading to the promotion of genetic instability and cancer development.
The identification of genetic variants related to TC has been a long way, though it is crucial to
identify possible potential biomarkers of susceptibility. Some genetic variants have been identified
in specific subtypes, which are related to the increased risk to develop this malignancy, such as
the BRAF V600E mutation in PTC patients with a more aggressive phenotype if telomerase reverse
transcriptase gene promoter mutation coexists [7].

However, mutations in RET and Retrovirus Associated DNA Sequences genes have also
been identified as biomarkers in TC patients.

Alongside with genetic variants, epigenetic events and alterations in the expression of
microRNA (miRNA) and long noncoding RNA (IncRNA) may also, through modulation of gene
expression, drive the aberrant activation of oncogenic signalling pathways and the downregulation
of thyroid-specific genes, thus contributing to the development, progression, and
dedifferentiation of TC [8].

Connected to this, the genetic instability inflicted in this malignancy, involving genetic and
epigenetic alterations, might also compromise the treatment response. The standard treatment
for TC patients consists of surgical resection accompanied by post-thyroidectomy radioiodine (RAI)
adjuvant therapy. The radioiodine therapy relies on the ability of 131l to be preferentially taken
up in normal or neoplastic thyroid follicular cells. Its accumulation induces high DNA damage,
which leads to cytotoxicity. However, the ionizing radiation does not only affect tumour cells, but
the lesions may also impair normal cells. The most common lesions induced by radiation are
double-strand breaks, which are processed by enzymes involved in DNA repair pathways. The
presence of genetic variants in these enzymes might impair the repair efficiency but also could
influence the cytotoxic potential of RAIl therapy, hence its efficacy in DTC treatment. The
development of induced DNA damage approaches can help in the evaluation of the efficacy of
therapeutics as it has been shown to be an important tool for establishing biomarkers of
susceptibility. Although the most frequent variants identified in TC contribute to sporadic disease,
about 5 to 15% of all diagnosed cases are familial (first degree relatives) in nonMTC, increasing to
25% in MTC cases. This adds to the clear existence of genetic predisposition factors related to this
pathology Advances in molecular genetics and several candidate gene studies developed
worldwide have linked the occurrence of this malignancy to some hereditary syndromes, some of
which are related to germline mutations in RET genes [6].

Macvanin M.T. et al. [9] in their study note that after the metabolic syndrome and its
components, thyroid disorders represent the most common endocrine disorders, with increasing
prevalence in the last two decades. Thyroid dysfunctions are distinguished by hyperthyroidism,
hypothyroidism, or inflammation (thyroiditis) of the thyroid gland, in addition to the presence of
thyroid nodules that can be benign or malignant. TC is typically detected via an ultrasound fine-
needle aspiration biopsy, cytological examination of the specimen and measurements of
traditional biochemical markers, such as TSH, FT4, Tg, TgAb, and TPOAB. Novel RNA-based markers
of thyroid neoplasms are identified by expression profiling of the thyroid gland tissue and/or blood
samples of patients using high-throughput platforms for RNA analysis and identification, such as
next-generation sequencing. Other emerging biomarkers of thyroid neoplasms are identified using
flow cytometry, enzyme-linked immunosorbent assays, genetic tests, and immunohistological
analyses. Due to the rapid advancement of high-throughput molecular biology techniques, it is
now possible to identify new biomarkers for thyroid neoplasms that can supplement traditional
imaging modalities in postoperative surveillance and aid in the preoperative cytology examination
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of indeterminate or follicular lesions. In conclusion, the authors draw attention to the fact that
due to the rapid advancement of high-throughput molecular biology techniques, it is now possible
to identify novel biomarkers for thyroid neoplasms that can supplement or replace existing
biomarkers. Current circulating biomarkers, such as Tg or TgAb, are routinely used in
postoperative monitoring; however, at the preoperative stage, they cannot distinguish between
benign and malignant neoplasms or between low- and high-risk malignant lesions. Several new
targets are emerging as potentially useful prognostic circulating biomarkers for TC. Evidence for
miRNA, IncRNA and circular RNA (circRNA) dysregulation in several thyroid neoplasms and their
potential use as sensitive diagnostic and prognostic biomarkers is particularly interesting.
However, the data currently available in the literature is derived from small-scale clinical studies
in specific patient cohorts. Thus, further validation is required to demonstrate their potential for
clinical application. Large-scale studies are needed to confirm and validate novel biomarkers in the
diagnosis, prognosis, and surveillance of thyroid neoplasms, such as miRNAs, IncRNAs, and
circRNAs.

As they note in their work Saenko V., Mitsutake N. [10], radiation is an environmental factor
that elevates the risk of developing TC. Actual and possible scenarios of exposures to external and
internal radiation are multiple and diverse. In this case: 1) radiation is a risk factor for TC; the risk
steadily increases up to the dose of 10 Gy, levels off in the 10- to 30-Gy interval, and asymptotically
declines at higher doses but remains elevated; once exposed, the risk persists for many decades;
2) risks from the external and internal irradiation are comparable; 3) there is no evidence of dose-
response departure from linearity at low doses (<0.1 Gy) and of the existence of a “safe” threshold
dose; 4) the magnitude of radiation risk for TC is highest if exposure takes place at a young age; 5)
after the Chornobyl nuclear reactor accident, due to internal exposure to radioactive iodine, a
dramatic increase in the incidence of childhood TCs was observed, especially among children less
than 5 years old at the time of the accident; 6) although many TCs were found by the thyroid-
screening program after the Fukushima nuclear power plant accident, comparisons of exposures
and characteristics of TC diagnosed after the Chornobyl and Fukushima nuclear accidents do not
support a causative role of radiation in the latter; 7) reduction of the risk for TC may be achieved
by following the As Low As Reasonably Achievable principle, and iodine thyroid blockage may be
performed to protect from anticipated internal exposure. A substantial progress in understanding
of radiation-related TC has been achieved since the discovery of this phenomenon about 60 years
ago. Irradiation of the head, neck, and chest areas has been learned to increase the risk for
developing thyroid malignancy during the lifespan. This stimulated numerous investigations in
medical, industrial, and military settings whenever radiation exposure was relevant. Radiation risks
have been quantified and found to be comparable for the external and internal radiation.
According to this knowledge, certain groups at elevated risk could be determined, including those
with medical, occupational, or emergency exposures. Now, the focus of radiation risk studies is
shifting toward low-dose exposures in view of growing number of various radiological procedures,
especially in pediatric patients. The markers of radiation-related TC have not been found so far.
Overlapsin the histological types, oncogenic driver spectrums, and corresponding gene expression
profiles between radiation-related and sporadic tumors suggest that these parameters were
unlikely to serve as a marker. Clinical studies have demonstrated that TCs diagnosed in irradiated
patients are of the same histological types as in nonirradiated patients and that disease prognosis
is determined by tumor characteristics regardless of etiology. This is rather good news for
clinicians to know that standard treatment and follow-up approaches could be used for radiation-
exposed patients, but it is necessary to keep in mind that TC phenotype is changing with patient
age and latency period.

Lukasiewicz M. et al. [11] emphasize that the etiology of TC is complex, and a variety of
factors contribute to its development. Among these factors, disorders of lipid metabolism have
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emerged as a notable area of interest. Lipids, including fatty acids (FA), play a fundamental role in
cell structure and function. Consequently, disturbances in lipid metabolism can have profound
effects on various cellular processes, potentially favoring the development and progression of TC.
Understanding the intricate relationship between lipid metabolism disorders and TC is of
paramount importance as it may provide new insights into the prevention and treatment of this
malignancy. TC is a neoplasm with an increasing incidence worldwide. Its etiology is complex and
based on a multi-layered interplay of factors. Among these, disorders of lipid metabolism have
emerged as an important area of investigation. Cancer cells are metabolically reprogrammed to
promote their rapid growth, proliferation, and survival. This reprogramming is associated with
significant changes at the level of lipids, mainly FA, as they play a critical role in maintaining cell
structure, facilitating signaling pathways, and providing energy. These lipid-related changes help
cancer cells meet the increased demands of continued growth and division while adapting to the
tumor microenvironment. Recent scientific efforts have revealed disturbances in lipid homeostasis
that are specific to TC, opening up potential avenues for early detection and targeted therapeutic
interventions. Understanding the intricate metabolic pathways involved in FA metabolism may
provide insights into potential interventions to prevent cancer progression and mitigate its effects
on surrounding tissues.

Luzén-Toro B. et al. [12] emphasize in their publication that TC, a cancerous tumor or
growth located within the thyroid gland, is the most common endocrine cancer. It is one of the
few cancers whereby incidence rates have increased in recent years. It occurs in all age groups,
from children through to seniors. Most studies are focused on dissecting its genetic basis, since
our current knowledge of the genetic background of the different forms of TC is far from complete,
which poses a challenge for diagnosis and prognosis of the disease. TC is the most common
endocrine cancer, with an increasing overall incidence in recent decades of about two fold in the
last 25 years and accounting for 2% of all cancers. TC is the sixth most common cancer in women,
who are three times more likely to have TC than men. About 2% of cases occur in children and
teens. Overall, the 5-year survival rate of TC is 98%. However, survival rates depend on many
factors, such as the specific type of TC and stage of disease. TC is a disease induced by progressive
genetic and epigenetic molecular abnormalities. Most studies describe several classical
aberrations involved in the tumorigenesis and progression of this tumor, such as point mutations,
gene copy number variations, and aberrant gene methylation. The genetic landscape of TC is
growing rapidly. Therapies that are targeted at genetic mutations related to this tumor are being
used in patient care and clinical trials. In comparison with traditional disease-specific trials,
molecular allocation studies (“basket studies”) are testing targeted therapies in patients whose
tumors carry particular mutations, in spite of the tumor type or origin. These studies are more
informative on anticancer therapies because they include a greater number of patients. The
correlation of molecular profile (obtained by new sequencing technologies) with
clinicopathological characteristics will lead to the development of novel precision therapies,
reducing incidence and mortality in TC patients. In this sense, differential response to a mitogen-
activated protein kinase inhibitor was found to be related to the thyroid cancer genotype.
Molecular testing of mutation hotspots, rearrangements, and gene expression is now an effective
diagnostic tool to better select patients for potential thyroid surgery. The authors note that the
diagnosis and treatment of TC is nowadays influenced by the molecular characterization of TC
types. The improvement of such techniques would help to reduce the amount of TC treatment
needed and improve outcomes in patients with clinically aggressive forms of cancer.

Chen D.W. et al. [13] emphasize in their work that the past 5-10 years have brought in a
new era in the care of patients with TC, with the introduction of transformative diagnostic and
management options. Several international ultrasound-based thyroid nodule risk stratification
systems have been developed with the goal of reducing unnecessary biopsies. Less invasive
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alternatives to surgery for low-risk TC, such as active surveillance and minimally invasive
interventions, are being explored. New systemic therapies are now available for patients with
advanced TC. However, in the setting of these advances, disparities exist in the diagnosis and
management of TC. As new management options are becoming available for TC, it is essential to
support population-based studies and randomised clinical trials that will inform evidence-based
clinical practice guidelines on the management of TC, and to include diverse patient populations
in research to better understand and subsequently address existing barriers to equitable TC care.

Now, regarding this pathology in our country at the republican level. The incidence of TC
in the Republic of Kazakhstan in 2023 was 5.4 per 100 thousand population (4.8 in 2022) with a
growth rate of 13.1% compared to the previous year, taking 3rd place together with connective
and soft tissue tumors, second only to prostate cancer (16.7%) and laryngeal cancer (15.5%), and
amounting to 1084 people in absolute numbers (939 cases a year earlier). The proportion of cases
diagnosed for the first time in life, recorded by oncology organizations, was 2.9% (2.7% in 2022).
In this case, 167 men fell ill (the proportion is 1.0%), women - 917 (the proportion is 4.4%) [14].

The TC rate above the national average was established in 9 regions of the country: North
Kazakhstan - 12.6 (the maximum rate); East Kazakhstan - 10.6; Pavlodar - 8.5; the city of Astana -
8.2; the city of Almaty - 7.9; Kyzylorda - 7.6; Karaganda - 7.0; Akmola - 6.5; Abay - 5.9. This indicator
is below the national average in 11 regions: Turkestan - 1.7 (the lowest rate); the city of Shymkent
- 2.4; Atyrau - 2.6; Almaty - 3.0; West Kazakhstan - 3.8; Aktobe - 4.0; Zhambyl and Kostanay - 4.1;
Ulytau - 4.5; Mangistau - 4.9; Zhetysu - 5.0 regions per 100 thousand population. Mortality from
this pathology was 0.3 per 100 thousand population with an increase rate of 19.1% compared to
the previous year, second only to non-melanoma skin cancer (26.0%).

The regions where the TC mortality rate is higher than the national average (0.3 per 100
thousand population) include: Abay - 1.0 (maximum level); Aktobe - 0.7; East Kazakhstan and
Pavlodar - 0.5; Zhambyl, Karaganda, North Kazakhstan and the city of Almaty - 0.4. Zhetysu region
and the city of Shymkent are on par with the national average. The lowest rates are noted in Atyrau
and Ulytau - 0.0; Akmola, West Kazakhstan, Kostanay, Mangistau and Turkestan - 0.1; Almaty,
Kyzylorda regions and the city of Astana - 0.2 per 100 thousand population [14].

One-year lethality was 2.3% (2.4% in 2022). At the same time, the ratio between one-year
lethality and neglect (stage IV) was, as in 2022, 0.5, and this is the best indicator among all
nosological forms of malignant tumors after prostate cancer (0.3). At the same time, we recall that
the farthest from "1" is the worst ratio between one-year lethality and neglect.

Now, regarding preventive examinations. It should be noted that during large-scale
preventive examinations of the population in 2023, significantly more patients with malignant
neoplasms were actively identified than in 2022. This is 25,193 patients versus 23,623 patients
identified in 2022, i.e. +6.6%. This is due to the further abatement of the epidemiological situation
with coronavirus and the increased availability of preventive care for the population. The
proportion of patients identified during routine examinations increased from 62.0% to 62.4% of
the total number of patients identified over the year.

Of course, when analyzing the epidemiological situation, early diagnosis indicators are very
important issues.

As for TC, the early detection of this pathology during routine examinations increased from
78.6% to 83.7%. The absolute number of TC patients identified during routine examinations was
900 people (732 a year earlier). At the same time, 849 are patients with early stages (in 2022 - 683
patients) [14].

In general, according to the amount of detected cases of cancer of all localizations, in 2023
the proportion of forms detected at early stages (0, |-l stages) increased from 66.3% to 67.9%. At
the same time, detection at 0, |-l stages in TC increased from 93.3% to 94.3%. The regions where
the proportion of patients with early stage | of the pathology in question is above the national

202



«Scientific Research and Experimental Development» (January 22-23, 2026). London, England || |Gl

average (71.5% and 2nd rank place among the best indicators after non-melanoma skin cancer)
include the following regions: Kyzylorda - 85.9% (the best indicator); the city of Almaty - 84.8%;
the city of Astana - 83.3%; North Kazakhstan - 80.0%; West Kazakhstan - 76.9%; Karaganda - 73.4%;
Zhambyl - 72.0%; Almaty — 71.7%.

The lowest rates of early diagnosis were recorded in: East Kazakhstan - 50.6% (the worst
rate); Atyrau and Turkestan - 55.6%; Mangistau - 56.8%; Zhetysu - 57.1%; Akmola - 58.8%; Aktobe
- 59.5%; Ulytau - 60.0%; Kostanay - 60.6%; Abay - 65.7%; Pavlodar - 69.8% regions and in the city
of Shymkent - 71.4%.

TC is in the top three in early diagnosis (stages I-ll) - 92.4%. First place goes to non-
melanoma skin cancer (98.4%), third - to lip cancer (90.7%). The regions where the proportion of
patients with TC detected at stages I-ll is above the national average (92.4% - 2nd rank place)
include the following regions. The leaders are our two megacities - the city of Astana (98.2%) and
the city of Almaty (97.1%). Next come: Kyzylorda - 96.9%; Zhambyl - 96.0%; Karaganda - 94.9%;
Aktobe - 94.6%; Atyrau and Turkestan - 94.4%; East Kazakhstan - 93.5% regions and the city of
Shymkent (92.9%). Low rates of early diagnosis were recorded in Ulytau - 70.0% (the worst result
in the country); Kostanay - 72.7%; Abay - 80.0%; Akmola - 80.4%; Zhetysu - 82.9%; North
Kazakhstan - 90.8%; Almaty - 91.3%; Mangistau - 91.9%; Pavlodar - 92.1%; West Kazakhstan -
92.3% regions [14].

As is clearly seen from the above data, there is a very large spread in early diagnostic rates
across the country, from very good to thought-provoking. Of course, it is necessary to take into
account migration processes and other factors affecting early diagnostic rates, but nevertheless,
the results obtained give reason not to stop there, both for oncologists and endocrinologists,
ultrasound diagnostic doctors, otolaryngologists, and general practitioners, since improving early
diagnostic rates of malignant tumors has remained one of the main postulates and one of the
main tasks of medicine in general, and continues to be relevant today.

The proportion of stage IV TC among all nosological forms of malignant neoplasms was
3.9%, and this is the 4th rank place after tumors of the central nervous system (2.5%), lip cancer
(0.9%) and non-melanoma skin cancer (0.4%). In general, in 2023, the share of stage IV malignant
neoplasms in the republic for the sum of all nosologies decreased from 12.58 to 11.7% (from 4790
to 4735 patients). As for the average republican indicator of the share of stage IV (3.9%), Aktobe,
Atyrau, West Kazakhstan regions and the city of Astana stand out against this background - 0.0%.
Then come: the city of Almaty (0.6%); East Kazakhstan (1.3%); Turkestan (2.8%); Kyzylorda (3.1%)
regions. Akmola region is on par with the average republican indicator. Lower indicators are in:
Kostanay region, where every fifth patient with this visually accessible localization was detected
in the terminal stage of the disease (21.2%). Next in line were: Abay - 14.3%, Ulytau - 10.0%,
Zhetysu - 8.6%, the city of Shymkent - 7.1%; North Kazakhstan - 6.2%, Mangistau - 5.4%, Karaganda
- 5.1%, Pavlodar - 4.8%, Almaty - 4.3% and Zhambyl - 4.0% regions.

The morphological verification rate of the disease in the country was 97.0%. In 13 regions
out of 20 this figure is 100% (Abay, Aktobe, Almaty, Atyrau, East Kazakhstan, Zhambyl, West
Kazakhstan, Karaganda, Mangistau, Pavlodar and Ulytau regions, as well as the cities of Astana and
Shymkent. The lowest figure is in Kyzylorda region (68.8%). Further down the list are Zhetysu
(88.6%), Kostanay (93.9%), Akmola (96.1%), Turkestan (97.2%), North Kazakhstan (98.5%) and the
city of Almaty (98.8%) [14].

The total number of patients with malignant neoplasms registered with specialized
oncology organizations of the republic continued to grow and by the end of 2023 amounted to
218,186 people, with an increase of 6.0% compared to the level of the previous year (2022 -
205,822, +5.8%). The overall incidence rate of malignant neoplasms increased by 3.9%, from
1055.3 to 1096.4 per 100 thousand people. The growth of this indicator is due to both the increase
in the incidence and detection of pathology, and the increase in the survival rate of cancer
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patients. In addition, statistical data on patients diagnosed with malignant neoplasms, who have
been under observation for 5 years or more, and continue to be observed in 2023, showed that
the number of patients under observation by oncological organizations of Kazakhstan for over five
years continued to grow and at the end of the reporting year amounted to 117,616 people, with
an increase of 6.2% (2022 - 110,790 people, + 6.6%) (form No. 7).

One cannot ignore such an important clinical aspect as the coverage in the Republic of
Kazakhstan of special treatment for patients diagnosed with TC for the first time in their lives. In
2023, the number of hospitalizations for all nosological forms of malignant tumors in oncological
organizations of the country amounted to 108,252 cases (2022 - 101,095), with an increase of
7.1% compared to the previous year, which is associated with a constant increase in the number
of cancer patients, improvement of the standardization of oncological care, and the development
of palliative and restorative services. At the end of 2023, the absolute number of TC patients who
completed specialized treatment amounted to 560 people, continuing treatment - 414 patients.
In percentage terms, the following results were obtained by methods and types of treatment. The
overwhelming majority - 90.4% of patients received surgical treatment only, complex - 3.8%,
combined - 2.1%, only radiation - 0.4%, only drug - 0.2%.

Further, regarding the five-year survival rate of patients. As for TC, at the end of 2023, 9901
people or 49.8 per 100 thousand of the population were registered at the dispensary (at the end
of 2022 - 9121 patients or 46.8 per 100 thousand of the population, respectively); and this is a
high 7th rank place among all nosological forms of malignant neoplasms.

At the same time, the mortality rate of the observed contingents in 2023 was 0.6%, as in
the previous year.

The five-year survival rate of patients with TC was 63.8% in 2023, while in 2022 it was 64.6%
[14].

Summarizing the above, we can conclude that with TC, despite the fact that this localization
is visually accessible, despite the increased effectiveness of preventive examinations and fairly
high rates of early diagnosis, a high number of people with this pathology is noted annually, and
the five-year survival rate does not reach 65%. The scarcity, variability and veiled nature of
symptoms, their similarity with various non-core processes, leads to the neglect and progression
of the disease, even during dispensary observation. All this requires both oncologists and, first of
all, primary health care workers and, of course, endocrinologists, ultrasound diagnosticians,
otolaryngologists to increase the level of oncological alertness, inform the population about early
symptoms that may indicate this pathology or the onset of proliferative changes and conduct high-
tech diagnostic measures, including for the purpose of differential diagnosis and, as a result, timely
treatment. People from the risk group are recommended to visit specialized specialists annually
and, if necessary, undergo an examination. An epidemiological assessment of the situation with
TCin our country suggests that there are sometimes significant differences in the regions not only
in incidence rates, but also in the parameters of early diagnosis and mortality from this pathology.
In connection with the above, this pathology continues to be a serious problem of modern clinical
oncology.
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Abstract. The sustainable development of livestock farming in the Republic of Kazakhstan
largely depends on the reliable supply of animal feed to remote and environmentally unfavorable
regions. Transportation of highly compacted feed is considered one of the most effective solutions
for reducing transportation costs and minimizing feed losses. However, the organization of such
transportation faces significant logistical, infrastructural, and economic challenges.

This paper analyzes the existing transport and logistics system for delivering highly
compacted feed to unfavorable regions of Kazakhstan. Special attention is paid to the choice of
transport modes, routing schemes, cost optimization, and the impact of infrastructure limitations.
Based on the analysis of statistical data and practical cases, key bottlenecks in feed transportation
are identified. Recommendations are proposed to improve the efficiency of feed logistics through
multimodal transportation, route optimization, and state support mechanisms.

The results of the study can be used in planning feed supply systems for livestock
enterprises located in remote regions and in developing regional agricultural logistics strategies.

Keywords. highly compacted feed, transport logistics, remote regions, Kazakhstan,
agricultural supply chains.

Introduction

The development of livestock production in the Republic of Kazakhstan is closely linked to
the stability and efficiency of animal feed supply systems. Due to the vast territory of the country,
uneven spatial distribution of agricultural production, and significant differences in climatic and
natural conditions, many regions experience persistent shortages of feed resources. This problem
is especially acute in environmentally unfavorable and remote areas, where local feed production
is limited and transportation distances are considerable.

One of the promising solutions to reduce transportation costs and ensure reliable feed
supply is the use of highly compacted feed. High compaction significantly increases bulk density,
allowing larger volumes of feed to be transported using the same transport capacity, thereby
reducing unit transportation costs and minimizing losses during handling and storage. However,
despite these advantages, the organization of transportation of highly compacted feed remains a
complex logistical task, particularly under the conditions of underdeveloped infrastructure, long
transport routes, and seasonal constraints characteristic of many regions of Kazakhstan.
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The transport system of Kazakhstan relies primarily on road and rail networks, which differ
in accessibility, capacity, and cost efficiency. While rail transport is economically advantageous for
long-distance bulk shipments, it is often limited by the lack of terminal facilities and the need for
additional handling operations. Road transport, on the other hand, provides flexibility and direct
delivery but is associated with higher costs and increased sensitivity to road conditions, especially
in remote and climatically unfavorable areas. As a result, the choice of transport mode and routing
scheme plays a crucial role in the overall efficiency of feed supply chains.

Existing studies on agricultural logistics mainly focus on general supply chain optimization,
feed production technologies, or international trade of agricultural commodities. However,
relatively little attention has been paid to the organizational and logistical aspects of transporting
highly compacted feed to remote and unfavorable regions, particularly in the context of
Kazakhstan. This research gap highlights the need for a systematic analysis of transport
organization, cost structure, and logistical constraints specific to feed delivery systems.

The aim of this study is to analyze the organizational and logistical features of transporting
highly compacted feed to unfavorable regions of the Republic of Kazakhstan and to identify key
factors affecting the efficiency of feed transportation. The objectives of the research include
evaluating existing transport schemes, assessing infrastructural and operational limitations, and
developing practical recommendations for improving feed logistics through optimized transport
organization and multimodal solutions.

Methods of research.

This study is based on a comprehensive methodological approach combining analytical,
statistical, and system-based research methods to investigate the organization of transportation
of highly compacted feed to unfavorable regions of the Republic of Kazakhstan [1-3].

At the initial stage, a system analysis of the feed supply chain was conducted to identify
the main participants, transport routes, infrastructure elements, and operational constraints
involved in the transportation of highly compacted feed. The analysis considered production sites,
storage facilities, transport hubs, and final consumption points in remote regions.

Statistical and comparative methods were used to assess the dynamics of feed
transportation volumes, transport costs, and delivery distances. Official statistical data from
national agricultural and transport authorities, as well as open-source industry reports, were
analyzed to identify regional differences and key trends in feed logistics.

To evaluate the efficiency of different transportation schemes, a cost analysis method was
applied. Transportation costs were calculated depending on the mode of transport (rail or road),
distance, bulk density of feed, and handling operations. The effect of feed compaction on
transport efficiency was assessed by comparing cost indicators for conventional and highly
compacted feed under identical transport conditions [4].

The study also employed a scenario-based approach to analyze alternative logistics
solutions, including single-mode and multimodal transportation schemes. Scenarios were
developed to compare direct road transport with combined rail-road delivery options, taking into
account infrastructure availability, transfer operations, and seasonal limitations.

In order to identify the most effective transportation options, elements of logistical
optimization were applied. Key performance indicators such as cost per ton, delivery time, and
transport capacity utilization were used as evaluation criteria. The analysis allowed for the
identification of bottlenecks and inefficiencies in existing feed transportation systems.

Finally, a generalization and synthesis method was used to formulate practical
recommendations aimed at improving the organization of highly compacted feed transportation.
The proposed measures focus on optimizing transport routes, improving coordination between
transport modes, and enhancing logistical planning for feed supply to unfavorable regions.
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Results of research.

The analysis of transportation systems for highly compacted feed in the Republic of
Kazakhstan revealed a number of organizational and logistical features that significantly affect
delivery efficiency to unfavorable and remote regions [5,6].

The results show that the use of highly compacted feed leads to a substantial increase in
transport efficiency due to higher bulk density. Compared to conventional feed, the transportation
cost per ton is reduced as a result of better utilization of vehicle and railcar capacity. This effect is
particularly pronounced for long-distance deliveries exceeding several hundred kilometers, which
are typical for feed supply routes in Kazakhstan.

The comparative analysis of transport modes indicates that rail transport remains the most
cost-effective option for long-distance transportation of highly compacted feed. However, its
efficiency is limited by insufficient terminal infrastructure, additional loading and unloading
operations, and the lack of direct rail access in many remote regions. As a result, rail transport
alone cannot fully meet the needs of feed delivery to unfavorable areas.

Road transport provides greater flexibility and allows for direct delivery to final consumers,
but it is characterized by higher transportation costs and strong dependence on road conditions
and seasonal factors. In remote regions with underdeveloped road networks, delivery times
increase significantly, reducing the reliability of feed supply [7-10].

The scenario-based analysis demonstrates that multimodal transportation schemes,
combining rail and road transport, offer the most balanced solution. Such schemes reduce overall
transportation costs while maintaining delivery flexibility. The results show that multimodal
logistics can decrease transportation costs by optimizing long-haul segments through rail
transport and using road transport only for final delivery stages.

Table 1. Comparative characteristics of transportation modes for highly compacted feed

indicator Rail Road Multimodal transport (rail +
transport transport road)

Average transportation distance,

km 500-1500 ||50-500 600-1200

‘Cost per ton, USD ||Low HHigh ”l\/ledium ‘
‘Delivery flexibility ||Low HHigh ”I\/Iedium—High ‘
‘Infrastructure dependence ||High HI\/Iedium ”High ‘
‘Sensitivity to seasonal factors ||Low HHigh ”l\/ledium ‘
‘Suitability for remote regions ||Limited HHigh ”High ‘

The table shows that no single mode of transport is universal, and the best results are
achieved when combining transport schemes.
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Table 2. Effect of feed compaction on transportation efficiency

‘ Parameter ||Conventiona| feedHHigth compacted feed|
Bulk density, kg/m? 350-450 |700-900 |
lLoad utilization, % [55-65 I85-95 |
‘Transportation cost per ton, USD ||100 H65—75 |
‘Number of trips (per fixed vqume)”High HReduced |
‘Losses during handling, % ||5—7 H2—3 |

The data confirm that a high degree of feed compaction can significantly reduce unit
transportation costs and increase logistics efficiency.

The study also identified several key logistical bottlenecks, including limited availability of
transshipment terminals, insufficient coordination between transport operators, and seasonal
disruptions caused by adverse weather conditions. These factors increase delivery time and lead
to additional costs, especially during peak demand periods.

The findings confirm that effective organization of transportation of highly compacted feed
requires not only technological solutions related to feed compaction, but also improvements in
transport planning, infrastructure development, and logistical coordination. The results obtained
are consistent with international studies on agricultural logistics and confirm the relevance of
multimodal approaches for supplying remote and environmentally unfavorable regions.

Table 3. Comparison of transportation scenarios to unfavorable regions

Scenario Transport Cost per ton, Delivery time, Main limitations
scheme usD days

S i Road diti

cenaro eoad only High Short—Medium od corT Hon,

1 seasonality
S :
2cenar|o Rail only Low Long Lack of direct rail access
gcenarlo Rail + road Medium Medium Need for transshipment

Scenario analysis shows that multimodal schemes are the optimal compromise between
cost and reliability of delivery.

Conclusion.

This study examined the organizational and logistical aspects of transporting highly
compacted feed to unfavorable and remote regions of the Republic of Kazakhstan. The results
confirm that the efficiency of feed supply systems in such regions is largely determined by the
rational organization of transportation processes, taking into account transport modes,
infrastructure availability, and logistical coordination.

The analysis demonstrated that the use of highly compacted feed significantly improves
transportation efficiency by increasing load utilization and reducing transportation costs per ton.
These advantages are especially important for long-distance deliveries, which are typical for feed
supply routes in Kazakhstan. However, the study also revealed that reliance on a single mode of
transport is insufficient to ensure stable and cost-effective feed delivery to remote regions.

The comparative assessment of transportation scenarios showed that multimodal
transport schemes combining rail and road transport provide the most balanced solution in terms
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of cost, delivery time, and flexibility. Such schemes allow the economic benefits of rail transport
to be utilized for long-haul segments while maintaining the adaptability of road transport for final
delivery stages.

The findings highlight several key constraints, including limited terminal infrastructure,
seasonal accessibility issues, and insufficient coordination between transport operators.
Addressing these challenges requires integrated logistical planning, development of
transshipment facilities, and improved organizational mechanisms for feed transportation.

The practical significance of this research lies in the proposed recommendations, which
can be applied by agricultural enterprises, logistics operators, and policymakers to enhance feed
supply systems in unfavorable regions. Further research may focus on quantitative optimization
models and the integration of digital logistics tools to improve decision-making in feed
transportation planning.
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Abstract. This paper is a continuation of the research presented in “Improving the
Technology of Feed Transportation with the Effective Use of Technical Means” (Akhmetov et al.,
2025). The study focuses on the further development of feed transportation technologies by
optimizing the operating modes of technical means, reducing energy consumption, and increasing
system reliability under farm conditions. Special attention is given to the integration of modern
mechanization elements and the assessment of their performance indicators. Experimental and
analytical results confirm that rational selection and adaptive control of feed transportation
equipment significantly improve productivity and economic efficiency in livestock enterprises.

Keywords. feed transportation, mechanization, technical means, energy efficiency,
livestock farms, optimization.

Introduction

Efficient feed transportation remains a critical component of livestock production systemes,
directly influencing labor costs, feed losses, and overall farm productivity. In the previous study by
Akhmetov et al. (2025), the authors substantiated the importance of rational use of technical
means in feed transportation processes. However, further improvement of these technologies
requires deeper analysis of operating modes, interaction between equipment elements, and
adaptation to specific farm conditions.

The aim of this study is to expand upon earlier findings by investigating advanced
approaches to optimizing feed transportation technology, with an emphasis on technical
modernization and performance enhancement.

Recent studies indicate that inefficiencies in feed transportation systems are often
associated with improper equipment selection, non-optimal operating parameters, and
insufficient automation. Researchers emphasize the need for integrated technological solutions
that combine mechanical reliability with energy-saving principles.
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Building on the conceptual framework proposed by Akhmetov et al. (2025), this research
explores the transition from conventional mechanization to optimized and partially automated
feed transportation systems.

Methods of research.

The research methodology includes: analytical evaluation of existing feed transportation
systems; experimental testing of conveyor and mobile feed transport units; comparative analysis
of energy consumption and productivity indicators; optimization of operating parameters such as
transportation speed, load capacity, and drive power.

Experimental data were obtained under typical livestock farm conditions, ensuring
practical relevance of the results.

The experimental setup was designed to simulate real operating conditions of livestock
enterprises, including variations in feed type, moisture content, and transportation distance.
During the experiments, key performance parameters such as specific energy consumption,
throughput capacity, feed loss rate, and equipment utilization factor were recorded.

To ensure the reliability and repeatability of the results, each experimental run was
conducted multiple times, and the obtained data were subjected to statistical processing. Average
values and deviations were determined, and regression analysis was applied to identify the
influence of operating parameters on system performance.

Based on the experimental findings, rational operating modes were determined, allowing
for the minimization of energy consumption while maintaining the required level of productivity.
The optimized parameters were then compared with conventional operating modes to assess
technological and economic efficiency.

The results of the comparative analysis formed the basis for developing recommendations
on improving feed transportation technology through the effective and adaptive use of technical
means in livestock production systems.

Results of research.

Optimization of Technical Means

The results show that the optimization of feed transportation equipment leads to:

e reduction in energy consumption by 10-15%;

e decrease in feed losses during transportation;

e improvement in operational reliability.
Adaptive adjustment of operating modes allows the equipment to respond effectively to varying
feed types and farm layouts.

Technological and Economic Efficiency
Economic analysis confirms that the improved technology reduces operating costs and shortens
the payback period of technical means. The integration of optimized transportation systems
contributes to sustainable development of livestock farms.

In particular, the reduction in energy consumption directly decreases electricity costs,
while lower feed losses improve overall feed utilization efficiency. Improved operational reliability
reduces downtime and maintenance expenses, thereby increasing the effective working time of
feed transportation equipment.

The economic assessment shows that the implementation of optimized technical means
results in a measurable annual cost saving compared to conventional systems. Depending on farm
size and operating intensity, the payback period of the upgraded equipment is reduced, making
the technology economically attractive for both small and medium-sized livestock enterprises.
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Furthermore, the application of optimized feed transportation technology supports
sustainable livestock production by reducing resource consumption and minimizing
environmental impact. Lower energy demand contributes to decreased greenhouse gas emissions
associated with electricity generation, while efficient feed handling reduces waste.

Overall, the obtained results demonstrate that the proposed optimization of technical
means and operating modes is a practical and effective approach to improving feed transportation
technology, ensuring both technological reliability and economic efficiency under real farm
conditions.

Data & Signals

: _p[ Energy Consumption gj
. —*[ Productivity -llll J

—b[ Feed Losses > ;ﬁ]

"’ Control &
| Optimization Block ‘

Feed Storage Transportation Unit Drive System
(Conveyor / Mobile Unit)

Figure 1 — Structural scheme of optimized feed transportation technology

Conclusion.

This study confirms that further improvement of feed transportation technology is
achievable through the effective optimization of technical means and their operating modes. The
continuation of the research by Akhmetov et al. (2025) demonstrates that a systematic approach
to mechanization enhances both technological and economic performance of livestock
enterprises.

Future research should focus on the introduction of digital monitoring systems and
intelligent control algorithms for feed transportation processes.

In addition, future studies may consider the integration of sensor-based data acquisition
systems to enable real-time monitoring of equipment performance and operating conditions. The
application of intelligent control algorithms, including adaptive and predictive control methods,
can further improve energy efficiency, reduce feed losses, and enhance operational reliability.

Further research is also recommended to evaluate the scalability of the proposed
optimization approaches for farms of different capacities and production types. Special attention
should be given to the development of universal methodological guidelines for selecting and
configuring feed transportation equipment based on specific technological and economic
constraints.

Overall, the continued development and implementation of optimized and digitally
supported feed transportation technologies will contribute to the modernization of livestock
production systems and improve their competitiveness and sustainability in the long term.
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Abstract. In the context of globalization and digital transformation of the economy,
multimodal freight transport is becoming a key element in the effective functioning of modern
supply chains. The growth in transport volumes, the increasing complexity of logistics routes, and
the need to coordinate different modes of transport require the implementation of modern digital
solutions that provide integrated management of transport and logistics processes. In this regard,
the development of digital platforms aimed at improving the efficiency of multimodal freight
transport management is a pressing scientific and practical task. The purpose of this article is to
analyze the concept of multimodal freight transportation management, which ensures
comprehensive coordination of logistics chain participants, optimization of transport routes, and
increased transparency of logistics operations. The article discusses the theoretical foundations of
multimodal transport, the principles of digitalization of logistics systems, and analyzes modern
approaches to the application of information technologies in transport logistics. The practical
significance of the research results lies in the possibility of using the concepts of transport and
logistics company management to reduce total logistics costs, improve customer service quality,
and ensure the sustainable development of logistics systems in the digital economy.

Keywords: transport, multimodal freight transport, multimodal transport, operator,
customer, factors.

Introduction

The transport system is not limited to freight or passenger traffic; transport actively
influences expanded reproduction, contributes to the progress of society, and is a key element of
the economy.

Transport routes connecting many settlements and state objectives create conditions for
the development of new territories and the organization of new industrial production. To improve
the service of the internal needs of society in freight and passenger traffic, it is necessary to
connect natural means of communication, i.e., artificial land routes to one type of transport, to
which lakes, rivers, and seas are adapted. The existence of a transport network connected in this
way allows the use of multimodal systems and their diversity—economical transport systems that
include intermodal technologies [1].

Transport communications unite all regions of the country, which is a necessary condition
for the unity of its territorial integrity and economic space. They connect the country with the
world community, serving as the material basis for ensuring Kazakhstan's foreign economic
relations and its entry into the global economic system.

The transport industry contributes to the socio-economic development of the country and
its regions, promotes the improvement of the quality of life of the population, ensuring the

215



Proceedings of the 12th International Scientific Conference

delivery of raw materials and equipment to production sites and finished products within the
country and beyond, as well as the transit of goods.

The main part

Multimodal transport refers to the transport of goods using two or more modes of
transport, such as road, rail, sea, and air [2]. It involves the coordination of many modes of
transport for the efficient and effective movement of goods from one place to another, Figure 1.

The concept of multimodal transport demonstrates that different modes of transport have
different strengths and limitations. It creates conditions for utilizing the strengths of each mode
by combining them, thereby reducing their weaknesses.

For example, air transport is considered the fastest but most expensive, while sea transport
is slow but economical for heavy goods. In general, the main criteria for multimodal transport are
the quality of the functions involved in the delivery of goods, their proper performance, and
manageability by operators.

The main requirements for such delivery are as follows [3]:

- there should be no interruptions throughout the entire delivery process;

- timely delivery of goods to their destination;

- minimization of transportation costs;

- responsibility of multimodal operators;

- a single tariff for deliveries;
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Figure 1. Multimodal transport
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Figure 2. Interaction between participants in multimodal transport
Note: [4] compiled by the author based on literature

Choosing a logistics company for multimodal transport requires careful consideration of
several factors. There are several key factors to consider when choosing a logistics company for

multimodal transport (Table 1).
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Table 1. Criteria for selecting a logistics company that provides multimodal transport

No Name Features

1 Experience There is a need to find a logistics company with experience in
multimodal
transport and experience in requesting similar high-level transport
services.

Organizations must be well versed in various types of transport, as
well as in the documentation and customs conditions adapted to
each type

2 Geographical It is necessary to compare the geographical range of the logistics
coverage company

involved in these measures and the capacity with which they can
process

goods to the destinations required by consumers.

3 Technological A reliable logistics company with an interested technological format
methods that

allows you to manage the volume of shipments in real time and
allows the

organization to always adjust the shipment status.

4 Price It is important to consider the pricing structure of the logistics
organization

for multimodal transportation and its competitiveness compared to

other
carriers in the market.
5 Level of It is more profitable to work with a logistics company that is
customer responsible for
service solving every problem that may arise in the process of developing
material

flows and has a chain of service for regular customers.
Note: [5] compiled by the author based on literature

After carefully considering the above factors and conducting the necessary checks on
interested logistics participants, we can select a future permanent partner who will be able to
provide sufficient and optimal multimodal transport functions to regulate professional needs [6].
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Table 2. Freight traffic volumes by mode of transport in Kazakhstan (2019-2024)

Year Road transport, | Rail transport, | Air transport, | Maritime Multimodal
million tons million tons million tons transport, | transport, million
million tons
tons
2019 4100 1380 35 220 150
2020 3950 1420 38 230 165
2021 4200 1480 42 240 190
2022 4450 1520 45 250 225
2023 4700 1580 48 260 260
2024 4950 1640 50 270 300
Note: [5] compiled by the author based on literature

The data in Table 2 show the dominant role of road transport in the freight transport
structure, accounting for more than 65-70% of the total volume.

Rail transport is showing a steady growth trend, which is linked to the development of
transit corridors and an increase in international transport. Of particular interest is the dynamics
of multimodal transport, the volume of which doubled between 2019 and 2024.

This confirms the growing role of integrated logistics solutions and the need to improve
the management of multimodal supply chains.

Table 3. Foreign experience in organizing multimodal transport

Country

Multimodal transport complex

Germany

Germany has a well-established and efficient multimodal transport
system supported by a dense network of motorways, railways,
waterways, and airports. The country has also implemented a number
of initiatives to promote the use of multimodal transport, such as the
development of intermodal terminals, the introduction of a national
container transport system, and the creation of a national transport
logistics network.

China

China is a world leader in the organization of multimodal transport,
especially in the field of container transport. The country has developed
an extensive network of ports, railways, and highways, which has
enabled it to become a key player in world trade.

United States
Americ

The United States has a well-developed multimodal transport system
supported by a network of highways, railways, ports, and airports. The
country has also implemented a number of initiatives to improve the
efficiency of multimodal transport.

Japan

Japan has a highly developed multimodal transport system
characterized by a
high level of efficiency and reliability.

European
Union

The European Union has developed a comprehensive multimodal
transport system supported by a network of roads, railways, waterways,
and airports. The EU has also implemented a number of initiatives to
promote the use of multimodal transport, such as the development of
intermodal terminals and the introduction of the

Note: [7] compiled by the author based on literature
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For example, China delivers cargo from Chengdu to Turkey using multimodal transport.
However, several significant obstacles in this process affect the efficiency of transportation. The
main causes of these problems and ways to solve them will be discussed below.

Table 4. Components and solutions

loading at the
port

warehouse management system
(WMS) at the port of Aktau

Components Real solutions Comment
Acceleration of customs operations with
Customs 1. Introduction of an electronic | preliminary electronic registration of cargo,
clearanc predeclaration system (e-TIR) reduction of paper documents, improvement
of control
2. Coordination of a single
customs "green corridor" regime | Speed up border crossing for transit cargo
between Kazakhstan and | and optimize clearance
Azerbaijan
Speed of 1. Introduction of an automated | Optimization of the loading and unloading

process with real-time tracking of cargo in
the warehouse

2. Purchase of additional cranes

Accelerate loading and unloading by 40% and
increase port throughput

Document
compatibility

1. Full implementation of
international standards  TIR
Carnet, CMNI

Fast and reliable verification of cargo
documents, simplifying customs clearance

2. Digitization and automation of
document flow with partners
Kazpost or DHL

Reduction of document loss and errors,
increased processing speed, and ensured
transparency of information

Note: [8] compiled by the author based on literature

Conclusion

The analysis of the concept of multimodal freight transport management has shown that
the effectiveness of modern logistics systems is largely determined by the correct selection and
application of key criteria for organizing the transport process. Multimodal transport, based on
the use of two or more modes of transport under a single contract, ensures flexibility, reliability,
and economic feasibility of cargo delivery in the context of globalization and increasingly complex
supply chains.

The main criteria for multimodal freight transportation that determine the quality of
management and competitiveness of logistics companies include the following:

First, the cost criterion, which includes the level of total transport and logistics costs, the
structure of tariffs, and the costs of transshipment, storage, insurance, and customs clearance.
Optimization of this criterion is aimed at minimizing the total cost of delivery while maintaining
the required level of service.

Second, the time criterion, which characterizes the total duration of transportation,
compliance with delivery times, stability of schedules, and speed of cargo handling at transport
junctions. Reducing transit time is a key factor in increasing capital turnover and customer
satisfaction.

Thirdly, the reliability and safety of transportation, reflecting the level of cargo safety, the
frequency of damage and loss, the resilience of routes to disruptions, and the effectiveness of risk
management. This criterion ensures the trust of supply chain participants and reduces the
likelihood of financial losses.
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Fourth, flexibility and adaptability of the system, manifested in the ability to quickly change
routes, modes of transport, and logistics schemes depending on changes in demand, weather
conditions, and infrastructure constraints.

Fifth, information integration, including the level of digitalization, transparency of cargo
movement, the availability of a unified information platform, and the ability to monitor in real
time. This criterion ensures the coordination of actions of all participants in the multimodal chain.

Sixth, environmental criteria related to emission levels, energy efficiency of the modes of
transport used, and compliance with the principles of sustainable development.

Thus, the application of a system of comprehensive criteria allows for an objective
assessment of the efficiency of multimodal freight transport and the formation of optimal
management decisions
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AHHomauusa:  VMHpapkm muokapoa 6e3 cmolikoeo noovema ceameHdma ST (MMG6CTIST)
npedcmassgem cobol gopmy uwemudeckol bone3HU cepoya, npu Komopol omcymcmayem
Knaccuyeckull nodvem ST-ceameHma Ha 3Kl B 853U ¢ amum paHHAA 0uaeHOCMUKa 3ampyoHeHa,
a puck HebnazonpusmHseIx UcXo008 8o3pacmaem.

B OdaHHOU pabome paspabomaHa U nNpomecmuposaHa Mooesnb MAWUHHO20 o0byyeHua 074
npo2Ho3uposaHusa pucka WIMOCIIST Ha ocHo8e KAUHUKO-1abopamopHbix nokazamened.
PaccmompeHsl memoObl  7102UCmuYeckoll  pe2peccuu, Cry4aliHo2o seca U epadueHmHO20
b6ycmuHaa. Modens XGBoost nokasana Hauny4duiue pedysemamsi (AUC = 0.89).

Knrouesvble cnosa: uHpapkm muokapoa, MawuHHoe obyveHue, npoeHo3uposaHue pucka, XGBoost,
MeOUYUHCKAA aHAAUMUKQ.

Development of an ML model for risk prediction of non-elevation myocardial infarction
Abstract: Non-ST-elevation myocardial infarction (NSTEMI) represents one of the most
diagnostically challenging forms of ischemic heart disease, characterized by the absence of a typical
ST-segment elevation on ECG. This complicates early diagnosis and increases the risk of adverse
outcomes. In this study, a machine learning model was developed and tested to predict the risk of
NSTEMI based on clinical and laboratory patient data. Logistic regression, random forest, and
gradient boosting methods were evaluated. The XGBoost algorithm achieved the best performance
with an AUC of 0.89. The findings confirm the potential of machine learning techniques in improving
diagnostic accuracy and personalized cardiovascular risk assessment.

Key words: myocardial infarction, machine learning, risk prediction, XGBoost, medical analytics.

BeeaeHue

NHbapKT MrMoKapaa 6e3 ctolkoro nogbema cermenTa ST (MMOCIST) aBnseTca ogHOM U3
Hanbonee pacnpocTpaHéHHbIX GopM UleMMYeckon 6HonesHM cepala M COMPOBOMKAAETCH
BbICOKMM PUCKOM OC/NIOMKHEHUIA W CMEPTHOCTM. B OTaMuMe OT Knaccumyeckoro MHbapkta ¢
noabémom ST, AaHHanA Gdopma He MMeeT TUMUYHbIX SNEKTPOKapAnorpadbruyeckmx NPpU3HaKoB, YTo
3aTPYAHAET PaHHIOK ANArHOCTUKY.

CoBpeMeHHble MeToAbl MallMHHOro 0byyeHua (ML) no3BoASAOT aHaM3MPOBaTb Bonbline
MacCCUBbl KNMHUKO-NabopaToOpPHbIX AaHHbLIX U BbIABAATL CKPbITblE 3aKOHOMEPHOCTM, CNOCOOHbIe
NOBbLICUTb TOYHOCTb ANArHOCTUKM M MPOrHO3MPOBAHMA.

Llenbto AaHHOro mMccnenoBaHMA ABAAETCA pa3paboTKa M OLEeHKa MOAeNM MaLMHHOTO
oby4yeHMa Ana NPorHo3npoBaHuns pucka MMOCTST Ha OCHOBaHWM KNMHUYECKUX U N1abOopaTOPHbIX
NnoKasaTenen NaumeHToB.
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MaTepmanbl n MeToapbl
JaHHble
Ons obyyeHua moaenn WUCNonb3oBaHbl obe3nnyeHHble AaHHble 1 500 naumeHTOB
KapAMoa0rMyeckoro LeHTpa.
Kaxkgada 3annce cogepana 25 npn3Hakos, BKAOYAA:
BO3pacCT, MO/, YPOBEHb TPOMOHMHA T, KpeaTUHWHA, XONEeCTepWMHa, [OKO3bl, Haaunduune
apTepuanbHOM rTMNepTeH3MM, caxapHoro AMabeTa, KypeHua, a Takxke napameTpbl K.
MNepen 06paboTKON AaHHble ObIN OYMLLEHBI OT NPOMYCKOB U BbIOBPOCOB, @ YNCAOBbLIE NPU3HAKM
HOPMa/IM30BaHbl C MOMOLLLbIO CTaHAAPTHOM LKanbl Z-score:
X—HU
7 =
o
rae X — WUCXOAHOe 3HaYeHWne NpU3HaKa, U — cpeHee 3Ha4YeHWe, ¢ — CTaHAaPTHOE OTK/OHEeHMe.
KaTteropmanbHble NpW3HaKM (Hanpumep, MOA, HaAMuMe TrUnepToHUKM) OblIM 3aKOAMPOBAHDI
meToaom One-Hot Encoding.
Mogenun n metogpl obyyeHums
[Ons peweHua 3agaunm buHapHoM knaccudukaumm (puck MMOCTIST: «O0 — HU3KMIAY, «1 —
BbICOKMIA») MCNONb30BAIMCh TPM MOAENN:
1. Jlornctnyeckan perpeccua (LR)
2. CnydanHbin nec (Random Forest, RF)
3. TpaameHTHbIN BycTuHr (XGBoost)
ObyyeHne M ouUeHKa  BbinonHAAMCbL B cpefe Python  3.10c  mcnonb3oBaHuem
6ubnmotek pandas, scikit-learn, xgboost, matplotlib.
dopmynebl
1. lornctmnyeckan perpeccus
BepoAaTHOCTb HacTynaeHua cobbitna y = 1 onpeaenaeTca Kak:
1
PO=10 =T o m

MoTepu paccUMTbIBAOTCS Yepes N0rMcTUYeckyo dyHKUmio (Log-Loss):
N

1
L= N [yilog(p;) + (1 — y;) log(1 — p;)]
i=1

2. XGBoost
XGBoost MUHUMUW3MPYET PErYAAPU30BAHHYIO YHKLIMIO MOTEPb:

N K
Obj = Z Iy, 57) + ;Q(fk)

roe Q(fy) = yT + %AZ]T-ﬂ 1 W]-2 — perynapusaLmoHHbIiA YaeH,
T — uncno nncTbes aepesa, W; — Beca INCTbes.
3. MeTpUKM OLEHKH
Mogenb oueHmBanacb no metpukam AUC, Accuracy, Precision, Recall n F1-score.
dopmyna To4HOCTM (accuracy):
TP+ TN

A =
CCUracy = TP ¥ TN + FP + FN
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Pe3ynbTtathbl M 0bCyKAEHNE
Moaens XGBoost nokasana Hannyylne pesyastatbl CPean TPEX NPOTECTUPOBAHHbLIX aJIFTOPUTMOB.
NTOrosble MeTPMKKN Ha TECTOBOM BbibopKe:

Mogenb AccuracyRecall|Precision|F1-Score/AUC

Nlornctnyeckan perpeccus| 0.81 0.76 | 0.79 0.77 0.84

Cny4aiHbii nec 0.85 0.80| 0.84 0.82 |0.87

XGBoost 0.88 0.83 0.87 0.85 0.89

Hanbonee MHPOPMATMBHbLIMM NPU3HAKAMM OKA3ANCh: YPOBEHb TPOMOHMHA T, BO3pacT, dpaKLms
BbIOpOCa, KpeaTUHUH 1 Hanndne amabeTa.

PUcyHOK 1 MAAOCTpUpPYeT BaXKHOCTb NMPM3HAKoB No Bepcnm XGBoost.

(Puc. 1. 3Hayumocms npusHakos modesnu XGBoost.)

MonyyeHHble pe3ynbTaTbl CBUAETENbCTBYOT O BbICOKOM MPOrHOCTMYECKOM CnoCOBHOCTM
pa3paboTaHHOM MoZenn W MNOATBEP)KAAIOT NOTeHUMan npumeHeHma ML-TexHonormn B
Kapanonornu.

3akntoueHme

PaspaboTaHHaa moAenb MalMHHOIO oby4vyeHna nossonseT 3ddeKTUBHO NPOrHO3MPOBATb PUCK
MHPaApKTa MMOKapaa He3 CToMKoro noabema cermeHTa ST Ha OCHOBE CTaHAAPTHbIX KAMHWMKO-
NabopaTopHbIX AaHHbIX.

Ncnonb3osaHne anroputma XGBoost npogemoHcTprpoBano Bbicokyto TodHoCTb (AUC = 0.89), yto
[enaeT ero nNepcrnekTMBHbIM MHCTPYMEHTOM ANA NOAAEPHKKM NPUHATMA BpayYebHbIX pelleHnin B
KapAMoa0rM4eckom NpaKT1Ke.

JanbHenuwmne nccnenoBaHMA NAAHMPYETCA HAaNPaBUTb Ha MHTErpauMio MOAENN B 3NEKTPOHHYIO
CUCTEMY MEAMLMHCKMX KapT M BaNMAaLMIO Ha pacluMpeHHOM BblbOpKe MaUMEHTOB M3 Pa3HbIX
PErmoHoB.
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Pa3paboTKa cucTembl aHa/IM3a AaHHbIX O
CeTeBbIX aTaKax A1da CO34aHUA
3PPEKTUBHbIX CTPATEMNMM 3aLLUNTBI OT HOBbIX
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AHHOTaLmA: B cTaTbe paccmaTpuBaeTcs pa3paboTKka MHTENNEKTYaNbHOM CcUCTEMbl OBHApPYKEHNA
ceteBblx BTOpKeHUI (NIDS) C MCNONb30BaHMEM COBPEMEHHbLIX aJrOPUTMOB MaLIMHHOTO
0obyyeHua. B ycnoBuax cTpeMmnTebHOro pocta KMbepyrpos B KazaxctaHe U Mnpe, TpaamumnMoHHble
MeTO/b! 3alMTbl TPEDYIOT A0MNONHEHNS aAaNTUBHbIMU aHANTUYECKMMM pelleHmnaMN. B KayecTBe
6a3bl MccnenoBaHMA CNoAb30BaH Habop aaHHbIx CICIDS2017. ABTopom NpoBeseHa KOMMAEKCHas
npenobpaboTka AaHHbIX, pelleHa npobnema amcbanaHca Knaccos ¢ nomollbto metoaos SMOTE
n Random Undersampling. MposeaeH cpaBHUTENbHbLIN aHanu3 mogeneit LightGBM, XGBoost u
Random Forest. Mogenb LightGBM noka3sana Hauaydwyto ToYHOCTb (98%). [Ana nHTepnpeTaumnm
npeacKkasaHni 1 NoBblLLIEHNA A0BEPUA K cUCTeMe NpuMeHeHbl meTtoasl SHAP 1 LIME.

KntoueBble cnoBa: kubepbeszonacHocms, mMawuHHoe obyyeHue, cemesvie amaku, CICIDS2017,
epadueHmHoll 6ycmuHe, uHmMepnpemupyemocms moodesnel, SHAP.

Development of a network attack data analysis system to create effective protection strategies
against new threats

Abstract: This paper discusses the development of an intelligent network intrusion detection
system (NIDS) using modern machine learning algorithms. In the context of the rapid growth of
cyber threats in Kazakhstan and globally, traditional protection methods require supplementation
with adaptive analytical solutions. The CICIDS2017 dataset was used as the research base. The
author performed complex data preprocessing, solved the class imbalance problem using SMOTE
and Random Undersampling methods. A comparative analysis of LightGBM, XGBoost, and Random
Forest models was conducted. The LightGBM model showed the best accuracy (98%). SHAP and
LIME methods were applied to interpret predictions and increase trust in the system.

Key words: network attacks, cybersecurity, machine learning, CICIDS2017, LightGBM, SHAP,
intrusion detection.

BeeneHue

C pa3BuUTMEM TexHOMorMii MHTepHeTa Bellei (10T), 0bnadHbIX BblYMCAEHMIA U ceTelt 5G
obbem nepesaBaemMbiX AAHHbLIX PACTET SKCMOHEHLMaNbHO, YTO CO34aeT HOBble BEKTOPbl A/f
Knbepatak. TpaAULMOHHbIE CUCTEMbl OOHapy:KeHua BTOpXeHun (IDS), OoCHOBaHHblie Ha
CUTHaTypax, 3pPEKTUBHO BbIABAAIOT TO/IbKO YXKE M3BECTHbIE YrPO3bl, HO OKa3blBatOTCA 6ECCUNbHbI
nepen aTakamm «HyneBoro AHs» (Zero-day attacks).
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AKTyanbHOCTb JaHHOW paboTbl 3ak/atoyaeTcs B HeobXOAMMOCTM  CO34aHMA  aAanTMBHbIX
aHa/IMTUYECKMX CUCTEM, CMOCOOHbIX BbIABAATL aHOMAaiMM B CETeBOM TpaduKe Ha OCHOBe
CTAaTUCTUYECKMX 3aKOoHOMepHocTel. Lenbto paboTbl sBnseTca pas3paboTka cucTembl aHanmsa
[aHHbIX, KOTOPas NO3BONT aBTOMATM3MPOBATb NPOLECC NAEHTUDUKAUMM aTaK U CHOPMMPOBATH
6a3y A1s pa3paboTKM NPEBEHTUBHbIX CTPATEMMI 3aLLUMTHI.

0630p NpeameTHOM 061aCTU U AAHHbBIX

Ons obydyeHMa WM TecTUpoBaHMA cuctembl Obin BbibpaH Habop gaHHbix CICIDS2017,
pa3paboTaHHbIM KaHafaCKMM MHCTUTYTOM KnbepbesonacHocTn. B oTimMyme OT ycTapeBLlimnx
Habopos (Hanpumep, KDD99), CICIDS2017 coaepKUT akTyasbHble CLEHapUK aTak M peasibHbil
Tpaduk B bopmate PCAP.

Tabnunua 1 — PacnpeneneHme TMNoB TpaduKa B Uccneayemon Bbibopke

Tun mpaguka Konuyecmeo 3anuceli lpoueHmHoe coomHouleHue
Benign (HopmaseHeil) 2,273,097 80.3%

DoS/DDoS 380,699 13.5%

PortScan 158,930 5.6%

Brute Force 13,835 0.5%

lpyaue  (Botnet, Web | 4,213 0.1%

Attack)

MeTononorua nccnenosaHma
CeTteBol TpadUK XapaKTepm3yeTcsa BbICOKOM pa3smepHoCTbio (bonee 80 npusHakos). Ha atane
npenobpaboTkn HblM BbINOHEHbI CAEAYIOLINE LIATU:
1. OunmcTka [JaHHbIX: YaaneHue 6eckoHeuyHblx 3HadeHuit (Inf) u nponyckos (NaN),
BO3HMKaOLWMX MPU pacyeTe CKOPOCTM NAKETOB.
2. Hopmanusauus: MpueeaeHne YNCNOBbIX MPU3HAKOB K eAMHOMY MacluTaby c MOMOLbIO Z-
MaclTabupoBaHua:
(x — w
o
roe X — UCXOo4HOe 3HaYeHWe, U — cpeaHee, ¢ — CTaHAAPTHOE OTK/IOHEHWE.
3. KoawuposaHue: NpeobpasoBaHue LieneBOM NepemMeHHOM (TMNa aTaku) B Yncnosor popmat
(Label Encoding).

PeweHwe npobnembl anucbanaHca
Kak BuaHo u3 Tabauubl 1, AaHHble cuabHO HecbanaHcMpoBaHbl. Jaa NpeaoTBpalleHus
nepeobyyeHns MoAeNM Ha MaXKoPUTAPHbIM Knacc (Benign) nprmeHeHa KOMBUHAUMA METOA0B:

SMOQOTE (Synthetic Minority Over-sampling Technique): CuHTeTU4YecKasa reHepauus NpUMepos
peaKux aTak.

Random Undersampling: CnydaliHoe coKkpalieHne obbema M3ObITOYHbIX AaHHbIX HOPMasbHOrO
TpaduKa.
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PaspaboTtka n obyyeHne moaenei

B pabote cpaBHMBaNUCL TpW apxmTekTypbl: Random Forest (RF), XGBoost u LightGBM.
MocneaHan Obina BbibpaHa B Ka4ecTBe OCHOBHOM M3-3a MCMNOAb30BaHUsA metoaa GOSS (Gradient-
based One-Side Sampling), KoTopbi No3BonseT apdekTMBHO 0bpabaTbiBaTh HO/bLUME AATACETHI
6e3 noTepmn TOYHOCTM.
MaTemaTtnyeckas MoAeNb rpagnmeHTHoro byctuHra: Llenesas dyHKUMA ONTUMM3AUMM BbITNAANT

cneayrowmm obpasom:
n

L= Y 15 W T+ i) + O
i=1
[ne Il — GyHKUMA noTepb, y; — UCTUHHOE 3HadYeHue, yf~ 1 — nporHos Moaenu Ha npeablayuiem
ware, ft(xi) — HoBas QyHKUMA (AepeBo peweHnin), gobaBnaemas B aHCambAb Ha TERyLEeM Lare,
Q(f;) — uneH perynapmsaumm, KOTOPbIA WTpadyeT MOAEeb 3@ WU3ANLLIHIO CNOXHOCTb (4TO6bI
n3bexkatb nepeobyyeHms).

Pe3synbtathl
OddeKTMBHOCTL MOAeNel oLeHMBanacb Mo meTpMKkam Accuracy, Precision, Recall n Fl-score.
Tabnmua 2 — CpaBHUTENbHbIE Pe3yNbTaTbl PaboTbl aNITOPUTMOB

Mooenb Accuracy  Recall Precision F1-Score Bpems 06y4enus (cex)
Logistic 0.86 0.85 0.84 0.84 45

Regression

Random 0.96 0.94 0.95 0.94 120

Forest

LightGBM 0.98 0.98 0.97 0.98 35

Mopaenb LightGBM nokasana He TOIbKO Ny4Llyto TOYHOCTb, HO U HavMeHbllee Bpema 06paboTku,
YTO KPUTUYECKM BaXKHO N5 CUCTEM, paboTaloLLMX B peaibHOM BPEMEHM.

NHTepnpeTaumna pesynstaTtos (XAl)

[N8 NOHMMaHKUA TOro, Ha OCHOBE KaKMX MPU3HAKOB CUCTeMa KnaccuobuumpyeT Tpaduk Kak
aTaky, ucnosnbzosaH metoa SHAP (SHapley Additive exPlanations).
OcHOBHble GpaKTOpbl BANAHUA:
Flow Duration: IAUTeNbHOCTb CECCUU (XapaKTepHO AN measieHHbIx DoS-aTak).
Total Backward Packets: Konnuectso 06paTHbIX NakeToB (MHAMKATOP CKAHMPOBaHMA NOPTOB).
Destination Port: MopT Ha3Ha4veHua (YacTo 80, 443 nnu cneumduyeckmne nopTsl Ana bpyTtdopca).

3akstoveHve

B xome wccnepnoBaHuMA  pa3paboTaHa  cucTeMa  aHanM3a  ceTeBOro  Tpadwka,
[EMOHCTPUPYIOLLAA BbICOKYHD TOYHOCTb OOHapyeHMsa aTak (98%). MpuMmeHeHWe MeTOAOB
HanaHCMPOBKM AaHHbIX N03BONMNO 3GDEKTUBHO KNaccMdULMPOBaTb AaKe pearkue TUMbl yrpos
(Botnet, Web Attacks). PazpaboTaHHaa mMoae/Nb MOMKET OblTb MHTErpMpoBaHa B MPOrpaMmHble
KOMMNAEKCbl MOHUTOPMHIA MHPOPMAUMOHHOM BE30MaCHOCTM ANA aBTOMATU3aLUMM pearmpoBaHNS
Ha MHUMAEHTbI.
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CpaBHUTENbHbIM aHa/IN3 3PPEKTUBHOCTU
a/ITOPUTMOB MALLNHHOIO 0Bby4YeHUsA U
HEMPOHHbIX CETEM B 334a4aX
OOHapY*KeHMs CEeTEBbLIX aTaK
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Astana IT University, r. ActaHa, Pecnybaunka KasaxctaH

AHHOTaumA: CTaTba NOCBAULEHA WCCNeAOBaHUIO 3PPEKTMBHOCTM MNPUMEHEHMA  PA3IUYHbIX
MEeTOZ0B MCKYCCTBEHHOTO MHTE/IIEKTa ANA 33434 KnbepbeszonacHocTW. MpoBeaeH CPaBHUTENbHbIN
aHaNM3 KiaccMyecknx aHcambnesbix anroputmos (Random Forest), meTonoB rpaAMeHTHOro
bycTtmHra (XGBoost, LightGBM) 1 HeilpoHHbIx ceTelt (MLP) Ha 6a3e Habopa aaHHbix CICIDS2017.
Ocoboe BHMUMaHMe yaeneHo npobneme amcbanaHca KNaccoB, 405 PeLleHMa KOTOPON NPUMEHEHA
rmbpuaHan cTpaTerma ¢ ncnonbzoBaHmem SMOTE. Pe3ynbTaTbl 3KCNEPUMEHTOB MOKas3asau, 4To,
HEeCMOTPA Ha BbICOKYD TOYHOCTb HEWPOHHbIX CETEN, aANTOPUTMbl TPAAMEHTHOrO OYCTMHra
NEMOHCTPUPYIOT NIYYLLMiA BanaHC MeXK 1y CKOPOCTbIO 0ByYeHMA M KauecTBOM KaaccuduKkaumm, 4to
[enaeT ux NpeanoyuTUTENbHbIMKU ANA CUCTEM PEaslbHOTO BPEMEHM.

KntoueBble cnoBa: oOHapymeHue emopxceHul, MawuHHoe obyyeHue, HelpoHHble cemu,
oucbanaHc 0aHHbIX, cpasHuUMensbHoIl aHanus, LightGBM, XGBoost.

Comparative analysis of the effectiveness of machine learning algorithms and neural networks in
network attack detection tasks

Abstract: The article focuses on researching the effectiveness of various artificial intelligence
methods for cybersecurity tasks. A comparative analysis of classical ensemble algorithms (Random
Forest), gradient boosting methods (XGBoost, LightGBM), and neural networks (MLP) was
conducted based on the CICIDS2017 dataset. Special attention is paid to the class imbalance
problem, which was addressed using a hybrid strategy involving SMOTE. Experimental results
showed that despite the high accuracy of neural networks, gradient boosting algorithms
demonstrate a better balance between training speed and classification quality, making them
preferable for real-time systemes.

Keywords: intrusion detection, machine learning, neural networks, data imbalance, comparative
analysis, LightGBM, XGBoost.

BeeneHue

B nocneaHve roabl HabnOaeTcs 3KCNOHEHUMaNAbHbIM pocT obbema nepeaaBaemblx
[AaHHbIX, CBA3AHHbIN C pa3sBuTnem TexHonorni 5G u loT. MapannenbHo C 3TUM PacTeT U KOJIMYECTBO
KMOepUHUMAEHTOB: BO BTOPOM KBapTane 2024 roga 4Mcio aTak Ha cTpaHbl CHI yBennumnoch B 2,6
pa3a. B Takmx ycnoBmaAx BbI6Op ONTUManbHOroO afropuTmMa ans cMcTeM 0BHapyKEHUA BTOPIKEH N
(IDS) cTaHOBMTCA KPUTUYECKM BaXKHOW 3adadvent. Llenbto JaHHOM paboTbl ABAsSEeTCA nposBeagHue
CPAaBHUTENbHOIO aHa/NM3a COBPEMEHHbIX MEeTOAO0B MALWMHHOIO ObyyeHWa K onpeneneHune
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Hanbonee abdbeKkTMBHOrO noaxoAa ANA KnaccuduKauMm BPeAOHOCHOro TpaduKa B YCAOBMAX
cUbHOro gmucbanaHca Ki1accos.

MaTepuansl n metoabl

Habop AaHHbIX

JKcnepMMeHTabHOe nccneaoBaHne npoesoanaock Ha gatacete CICIDS2017, KOTOPbIN COAEPKNT
pPeannCTUYHbIA ceTeBOM TpaduKk, cobpaHHbIM B TedeHuMe 5 aHel. Habop BKAOYAET Kak
HOPMa/IbHYIO aKTWUBHOCTb, Tak M 14 TMNOB aTak, cpean Kotopbix DoS, PortScan, Brute Force um
Botnet. Obuwaa ponad HopmanbHoro Tpaduka coctasnsetr 80,3%, 4To cospaeT npobnemy
aucbanaHca.

MoAroToBKa AaHHbIX

Ons  obecneyeHna KOPPEKTHOCTU 3SKCNepMMEHTOB Obla nposedeHa nNpeaBapuTe/bHas
obpaboTka:

1. OuncTtka: YaaneHue 3anuceit ¢ beckoHeuHbiMM 3HaveHuamm (Inf) u nponyckamum (NaN),
BO3HMKAOLWMMWN NPU pPacyeTe CTaTUCTUYECKMX METPUK MOTOKa.

2. banaHcupoBKa: NpumeHeHa KOMBUHMPOBaAHHas cTpaTerns. a8 MUMHOPUTAPHbLIX KNaccoB
(aTaku Botnet, Web Attack) ncnonb3oBaH meTof, cMHTETUYECKOM reHepaunm SMOTE, a ans
MayKopuTapHoro Knacca — Random Undersampling.

Uccnepyemblie mogenm
[na cpaBHeHMA Bblan BbIOPaHbI TPW KNacca aAropmMTMOB:

1. Knaccuyecknit aHcambab: Random Forest (CnydanHbin nec).

2. TpagueHTHbIn BycTuHr: XGBoost u LightGBM. 3TM anropmTmbl CTPOAT KOMMO3ULMIO
peLlatoLLmMX AepeBbeB, MUHUMM3NPYA GYHKLMIO NOTEPb rpaaMeHTHbIM CMYCKOM.

3. He#poHHblie cetTy: MHorocnolHbii nepuentpoH (MLP), cnocobHbi BbISIBAATb CAOMKHbIE
He/IMHEeNHble 3aBUCMMOCTMU.

Pe3ynbTaThbl M 0bCyXKAEHUE

OueHKa KayecTBa Mojieneit NpoBoAMAACh Ha OT/IOXKEHHON TeCcToBOM BbibOpKe (20% OT MCXOAHbIX
AaHHbIX) No meTpukam Accuracy, Fl-score n ROC-AUC. TaKe y4nTbiBaNOCh BPEMA, 3aTPaYeHHoe
Ha 0by4yeHMe, YTO BaXKHO A/19 NPUMEHEHMSA B PeasibHbIX YCIOBUSIX.

Tabnnua 1. CBoAHbIE pe3yabTaThl IKCNEPUMEHTOB

Moodens Accuracy ROC-AUC  F1-Score CKopocmb o6ydeHus
XGBoost 0.96 0.97 0.95 Hu3kan

MLP 0.95 0.95 0.94 Huskad

Random Forest | 0.96 0.97 0.94 CpeaHsas

LightGBM 0.98 0.99 0.98 BbicoKas

232



«Scientific Research and Experimental Development» (January 22-23, 2026). London, England

1,2

0

00

0

k)

0

S

0

N

W Acuracy

W Fl-score

LogReg RandomForest XGBoost LightGBM

AHanNu3 pesynbTaTos:

1. Random Forest nokasan AocToiHbIN 6a3oBbIl pe3ynbTtaT (F1-score = 0.94), noaTsepxaan
9pPEKTMBHOCTb aHCaMbNEBbIX METOA0B.

2. XGBoost npoaeMOHCTPMPOBAN BbICOKYHO TOYHOCTb, COMOCTAaBMMYHO C IYHLLIMMIN MOAENAMM,
HO noTpeboBas 3HaYMTENbHO 6o/bLLE BPEMEHU Ha 0By4YeHMe 1N3-3a CI0OXKHOCTM a/ITOPUTMA
nepebopa.

3. MLP (HeMpoceTb) nokasana BbICOKYD TOYHOCTb Ha ypoBHe 0.95, oaHako ycTynuna
OYCTUHIOBbIM MOJENAM B MHTEPMPETUPYEMOCTM N cTabunbHocTU. Kpome Toro, obyyeHume
HeWpoceTn TpeboBaNo BONbLIMX BbIMMCANTENbHbBIX PECYPCOB.

4. LightGBM oKaszasnca nMaepom aKcnepumeHTa. Mcnonb3oBaHMe meToaa OAHOCTOPOHHEN
BbIOOPKM Ha ocHoBe rpaameHToB (GOSS) No3BOAMAO AOCTMYL TOYHOCTM 98% npwu
MWHUMabHbIX 3aTpaTax BpemeHu (35 cekyHa).

3aknoveHue

HpOBe,ﬂ,eHHOG nccnegoBaHmMe NokKasasno, dYTo Aada 3adad O6Hapy)+(eHl/IF| ceTeBbIX BTOp)‘KeHl/IVI

Ha TabAMYHbIX AAHHbIX ANTOPUTMbI FPAAMEHTHOrO ByCTUHIA, B YacTHocTM LightGBM, npesocxoanT
KNaccuyeckme HeWpoHHble CeTU MO COOTHOLWIEHMIO «TOYHOCTb/CKOPOCTb». HecmoTpsa Ha
noTeHuman ryboKkoro oby4yeHus, CAOMKHOCTb HACTPOMKM U MHTEpnpeTaumm (KYepHbId ALMKY)
flenaeT ux meHee npeanoYTUTENbHBIMU ANA ONEPATUBHOrO PearMpoBaHWA Ha MHUMAEHTbI Mo
CPaBHEHUIO C UHTEPNPETUPYEMbIMM aHCAMOIEBLIMU MOAENAMMU.
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Abstract. This article systematically explains the concept, purpose, and stages of Data
Mining. The main goal of data mining is to identify hidden patterns and relationships in large
datasets and enable their application to new data. The process includes problem definition, data
preparation, model building, testing, and the use of results in decision support systems. The article
classifies intelligent data analysis methods into basic (statistical and selection-based) and special
methods. Among the special methods, fuzzy logic for handling uncertainty, neural networks for
learning and prediction, and genetic algorithms for optimization are discussed in detail. The
advantages of fuzzy logic in representing linguistic uncertainty and the ability of neural networks
to model complex dependencies are emphasized. The role of genetic algorithms as powerful
search mechanisms based on evolutionary principles is highlighted. Finally, the article concludes
that hybrid neuro-fuzzy systems, which integrate these methods, are more effective in solving
complex real-world problems.

Keywords. Data Mining, Data Analysis, Fuzzy Logic, Neural Networks, Genetic Algorithms,
Hybrid Systems

Stages of intellectual analysis. The purpose of data mining is to identify patterns and
relationships in a data set. These patterns and relationships can then be used in new data sets.

The data mining process consists of several stages: (Figure 1).

- problem definition;

- data preparation for analysis;

- application of analysis methods and model building;

- testing of built models;

- use of the results in a decision support system.
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Figure 1. Stages of data mining

At stage 1, the data is studied, the purpose of the data mining is specified. Methods of
mining are selected in accordance with the goals set. The correct selection of methods is
considered an important condition.

At stage 2, the data is put into the form required by mining, that is, the process of extracting,
transforming and loading (ETL data from the primary sources) is performed. The methods selected
at stage 1 also affect the transformations performed on the data.

Stage 3 involves the direct application of analysis methods. The application scenario can be
constructed in various ways (especially if the analysis is carried out from different perspectives)
and can consist of a combination of several methods. The results of the analysis are often
expressed in certain models.

At the next stage, these models are checked. The simplest and most commonly used method
is that the analyzed data is divided into two groups: group 1 has a large size, and group 2 has a
relatively small size. In the 1st group, data is analyzed and certain models are built using this or
that method. In the small-sized data group, these models are checked. Based on the difference
between the obtained accuracies, a conclusion is drawn about the adequacy of the built model.

At the last stage, the results of the analysis are interpreted by the user. The results can be
used to make decisions and add to the knowledge base. The evaluation of the results of intellectual
analysis is determined by the quality of the decisions made on their basis.

Methods of intellectual analysis

Methods of intellectual analysis can be divided into 2 groups:

-base methods;

-special methods.

Base methods. Basic methods include, first of all, algorithms based on selection. In a set of
N objects, selection requires 2N comparison operations. In other words, as the number of data
increases, the volume of calculations increases exponentially. When the number of data is large,
it is practically impossible to work with such a method.

In this type of algorithm, various heuristic methods are used to reduce the number of
choices to reduce the computational complexity. Optimization of such algorithms is achieved by
reducing the dependence of the number of operations on the number of data to a linear
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function. However, the dependence on the number of attributes remains exponential. Since the
number of attributes is limited (their number is much less than the number of data), such a
dependence is acceptable.

The main advantage of these algorithms is their simplicity of understanding and
implementation. Their disadvantages include the lack of a formal theory in the construction of
these algorithms and the difficulties in their research and development.

The basic methods of data mining also include methods that use elements of statistical
theory. Considering that data mining arose as a result of the development of statistics, there are
quite a few such methods. They are based on various types of statistical analysis: correlation
analysis, regression analysis, factor analysis, etc. The main drawback of these methods is the
commonality of values. This can lead to a loss of informativeness in the data and a decrease in the
amount of knowledge obtained.

Fuzzy logic. Sometimes, when solving the problem of data analysis, uncertainty arises due
to the incompleteness of the initial data. Two types of uncertainty are distinguished: physical and
linguistic.

The source of physical uncertainty is the external environment. It can be of two types:

-imprecision (can arise when measuring the values of a certain quantity using measuring
devices);

-randomness (the presence of several factors from the external environment that affect the
object; each of them is random in nature; in this case, the law of probability distribution is assumed
to be known).

To process physical uncertainties, methods of probability theory and classical set theory are
used.

Linguistic uncertainty arises when a large number of situations are expressed in a limited
number of words. They also distinguish two types of linguistic ambiguity:

-uncertainty of the meaning of a word (polysemy, ambiguity, vagueness); occurs when
different objects are expressed by the same word;

-uncertainty of the meaning of a phrase (they also distinguish statistical and semantic types
of it).

With the development of systems using the methods of artificial intelligence theory, formal
methods for processing linguistic uncertainty have emerged. The basis of these methods is fuzzy
logic.

The main application area of fuzzy logic is management. It is no coincidence that the famous
scientist Lutfi-zadeh, who laid the foundation of fuzzy logic, is a well-known specialist in the field
of management. The use of fuzzy logic at all levels of management gives good results.

For the study of systems, Lutfi-zadeh proposed a linguistic model consisting not of
mathematical expressions, but of words expressing properties. The application of a linguistic
model cannot ensure accuracy in mathematical modeling. However, it is possible to build a good,
high-quality model. In this case, the object of discussion is the fuzziness of words in the descriptive
language of the system.

In many cases, concepts and relationships with fuzzy boundaries are used when managing
complex objects. The source of fuzziness is the variability of the belonging of objects to certain
classes. An object may belong to that class completely, not at all, or to some extent. The usual
mathematical concept of a set based on a binary characteristic function does not allow for such a
description.

Two concepts proposed by Lutfi-zadeh - fuzzy set and linguistic variable - have significantly
increased the formal description capabilities of such complex systems. Models of this type are
called linguistic models.
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A number of concepts that we use in natural language can be cited as examples of fuzzy
variables: hot, very hot, cold, very cold, mild, end of the month, beginning of the month. We
understand and work with these concepts and do not notice their fuzziness. From a formal point
of view, a concept called “membership function (i)” is used to evaluate a linguistic variable. The
membership function, which varies in the interval (0-1), shows how much the value of a linguistic
variable belongs to the set of its possible values.

Thus, the set of possible values of a linguistic variable x can be expressed as {x1, Xz, ..., Xn} Using
the membership function.

{Ccrs 1), (s 1), oon s (X, iy } (1)

For example, the set of values (in degrees) of the linguistic variable “very hot” in the summer
season could be {35,36,37,38,39,40,41,42}, and the expression of that set with a membership
function could be: {(35,0.5),(36,0.6),(37,0.7),(38,0.75),(39,0.8), (40,0.9),(41,0.95),(42,1)}.

The main advantage of fuzzy logic is more pronounced in solving fuzzy management
problems. Fuzzy logic allows a person to clearly express his thinking. In his daily activities, a person
uses fuzzy natural language, not formal modeling based on mathematical expressions. In the
decision-making process, a person understands the situation well, divides it into events and makes
a decision in accordance with each event. Thus, local models are created that describe the objects
or events (processes) considered in the conditions before a person and are expressed in words.
These models have common foundations and are easy to understand at the qualitative level. An
example of such a verbal model is the construction “if ..., then ...”.

The use of fuzzy logic in management has the following features characterized by:

-decision-making rules are expressed by conditional reasoning of the type “if..., then...” and
are implemented through a logical inference mechanism;

-fuzzy logic operates with special rules; rules are given for each local area and problem, for
each regulated quantity and for each management objective; this allows you to abandon the
generalized objective criterion;

-the application of rules of the type “if..., then...” allows you to solve the classification
problem in a dialogue mode with the operator, which increases the quality of the classifier.

Neural networks. Neural networks are a class of analytical methods based on biological
analogy with the human brain. Through them, it is possible to predict the values of certain
variables after the so-called “learning” stage on the available data.

When applying these methods, the first issue is the selection of a specific architecture of the
network (“layers” and the number of “neurons” in each layer). In terms of formal computational
complexity, the size and structure of the network depend on the object under study (event). Since
the nature of the object (event) is not fully known at the initial stage of analysis, the selection of
the architecture becomes complicated and is associated with a long-term “trial and error” process.
However, recently, artificial intelligence methods and neural network programs have been used
to select a better architecture.

The constructed network then undergoes a “learning” process. At this stage, the neural
network iteratively processes the input data and makes adjustments to its “weights” in such a way
that good predictions are obtained on the learned data. After the training is completed on the
existing data, the network can be used for prediction.

An example of a neural network is shown in Figure 2. The network under consideration
consists of 2 layers, with 4 neurons placed in the 1st layer and 5 neurons in the 2nd layer.

The network obtained as a result of learning expresses the regularities present in the data.
In this approach, the neural network is a functional model reflecting the dependencies between
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variables in traditional modeling. becomes equivalent. However, unlike traditional models, these
dependencies are not explicitly written in neural networks.

In some cases, neural networks can provide high-quality predictions. However, in this case,
there is no theoretical approach to the study.

Layer 1 Layer 1
Input neurons Output

Figure 2. Example of a neural network

In this case, the main focus is on practical results - the accuracy of predictions and their
practical significance.

Neural network methods can also be used in research aimed at building a model for
explaining phenomena. Thus, neural networks allow analyzing data to search for valuable variables
or groups of variables. Currently, there are neural network programs that detect more important
input data through complex algorithmes.

One of the advantages of neural networks is that they can approximate any continuous
function. Therefore, the researcher does not need to make a hypothesis in advance about which
variables are important.

A serious drawback of neural networks is that the final result depends on the initial setup of
the network, and it is impossible to interpret this in traditional analytical terms.

Some authors liken a neural network to a processor that performs operations with high
parallelism, has a natural ability to store empirical knowledge and makes it available for later use.
It resembles the brain in two ways: 1) the network acquires knowledge during the learning
process; 2) the intensity of connections between neurons is used to store information. This is
called synoptic weight.

Most existing neural network programs run on single-processor computers. The speed of
work with neural networks can be increased not only by creating software that takes advantage
of multiprocessor systems, but also by building more efficient training algorithms.

Genetic algorithms. Genetic algorithms (GA) are universal optimization methods for solving
various types of problems (combinatory, general problems with constraints and unconstrained
ones, etc.). Genetic algorithms have single-criteria and multi-criteria search capabilities in a large
space.

GA is a type of evolutionary algorithm that models natural evolutionary processes. These
algorithms are based on natural evolution in nature and use its basic mechanisms. Search
algorithms that model a breeding pair are called genetic algorithms. A breeding pair is
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characterized by the combination of two parental lines to create offspring. Such a combination is
called mating.

When working with GA, the solution to the problem should be described as a string
expressed in binary, integer or real number encoding. Strings can be of fixed or variable length,
and context-dependent encoding can also be used.

The main difference between a genetic algorithm and a genetic program (GP) is the use of
decision trees. In this case, a genetic description of the problem is not needed in a genetic
program. Such a scheme creates flexibility in describing the data structures, but the solution size
can be very large. This is also true for evolutionary programs.

In the 70s of the last century, Holland proposed a basic or standard genetic algorithm. Below
is a generalized version of this algorithm.

Step 1. Genetic description of the problem.

Step 2. Creation of an initial population of individuals.

Step 3. Calculation of average fitness. Calculation of a normalized value of the fitness degree
for each individual.

Step 4. Determination of a probability proportional to the normalized fitness for each
individual.

Step 5. Selection of N vectors from the probabilities using the obtained distributions. Thus,
the set of selected parents is formed.

Step 6. From this collection, randomly select N/2 pairs.

Step 7. Apply mating, mutation, and other genetic operators to each pair to form a new
population.

Step 8. Return to step 3.

The considered basic genetic algorithm was subsequently improved by sequential and
parallel modification methods. Sequential modification methods are used to obtain various forms
of individual selection schemes.

As can be seen, the basic algorithm is a synchronized sequential algorithm. By applying the
genetic algorithm, better pairs of individuals are sequentially selected to form offspring. This
significantly increases the search time in large data sets. The solution to this problem is obtained
by a parallel genetic algorithm. Any sequential modification of GA can be converted into a parallel
modification.

According to the degree of parallelization, the following types of genetic algorithms are
distinguished: 1) population-based GA; 2) subpopulation-based GA; 3) GA based on individuals.
In case 1, the standard structure of GA working with the entire population is maintained.
Parallelization is implemented in the mating and mutation stages.

In case 2, subpopulations are used that compete independently with individuals through
exchange at a certain frequency. In this case, each processor block performs a sequential genetic
algorithm with its subpopulation. The goal here is to maximize the total values of all fitness levels.
In case 3, each processor element (cell) has a constantly stored string of individuals. Individuals
choose pairs and merge with other individuals in their immediate vicinity.

The efficiency of a genetic algorithm largely depends on the probability of application of
genetic operators, their type, and the size of the population. In recent years, the number of works
carried out in the field of development of the theory and practical application of genetic algorithms
has increased significantly. The results of these studies show that genetic algorithms can be more
widely applied in conditions of integration with other methods and technologies. The effectiveness
of integrating genetic algorithms with fuzzy logic methods and also with neural systems has
already been proven.
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Integration of fuzzy neural systems. Neuro-fuzzy or hybrid systems, which combine fuzzy
logic, neural networks, genetic algorithms and expert systems, are considered effective tools for
solving many problems in real life.

Each method of intelligent analysis has individual characteristics that make it suitable for
solving specific specific problems: for example, the ability to learn, the ability to explain decisions,
etc. Neural networks are good tools for pattern recognition, but they are not suitable for
explaining their own decisions. Fuzzy logic systems can explain their decisions well, but they
cannot automatically increase the rules for making these decisions. Therefore, the creation of
intelligent hybrid systems by combining two or more methods to overcome the limitations
inherent in each method has emerged.

Hybrid systems play a major role in solving problems in various application areas. In many
complex areas, problems are encountered with separate components that require only their own
processing method. For example, suppose that in a certain application area the problem of signal
processing and decision making is solved. This problem can be divided into two subproblems:
signal processing and decision making. Then, subproblem 1 can be solved using a neural network,
and subproblem 2 can be solved using an expert system.

Fuzzy logic provides a mechanism for logical inference from cognitive (internal thinking)
uncertainty. A neural network has advantages such as learning, adaptation, stability, parallelism,
and generalization. To process cognitive uncertainty, it is necessary to apply the concept of fuzzy
logic to neural networks. Such hybrid networks are called fuzzy neural networks.

Neural networks are used to tune membership functions in fuzzy systems. Fuzzy logic can
directly describe knowledge through linguistic variables. However, the selection and tuning of
membership functions is time-consuming. Neural network training methods automate this
process and significantly reduce the time required to process membership functions.

In neural networks, knowledge is automatically obtained by applying the back-and-forth
extraction algorithm, but the training process is relatively slow and the analysis of the trained
network is complex. It is impossible to extract structured knowledge (rules) from the trained
neural network and also to collect special information to simplify the training procedure.

The behavior of fuzzy systems can be described by the rules of fuzzy logic, and these rules
can be controlled and adjusted. It should be noted that obtaining knowledge is a rather complex
process, in which the range of variation of each input parameter must be divided into several
intervals. The application of fuzzy logic systems is limited to areas where the availability of expert
knowledge and the number of input parameters are small.

To solve the problem of knowledge acquisition, the ability to automatically obtain fuzzy logic
rules from numerical data is added to neural networks. The calculation process is carried out using
the following fuzzy neural networks. The process begins with the creation of a “fuzzy neuron”
based on the recognition of the morphology of a biological neuron in accordance with the training
mechanism. In this case, the following stages of the calculation process of a fuzzy neural network
can be distinguished:

-construction of fuzzy neural models based on biological neurons;

-construction of a synoptic connection model that introduces uncertainty into neural
networks;

-construction of training algorithms (methods for adjusting synoptic weight coefficients).
Figure 3 depicts a possible model of a fuzzy neural system. The interface block converts the
received linguistic arguments into the input vector of a multi-level neural network. The neural
network can be trained to produce the necessary output commands or decisions.
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AHHOTaumA: Oxkoroeas H60ne3Hb ABNAETCA CUCTEMHOM peakuMeln OpraHM3Ma Ha TepMuyeckoe
NOBPEXAEHNE, IAe KPUTUYECKM BaXKHA PaHHAA M TOYHAA AMArHOCTMKA yOUHbI nopaxkeHua. B
naHHOM paboTe pa3pabotaHa moaenb MalWWHHOrO obydeHua Ana KnaccuduKaumm cTeneHemn
O’KOra W MPOTHO3MPOBAHMA PUCKA OCNOMKHEHWA Ha OCHOBE KOMOMHMPOBAHHbLIX AAHHbIX:
BM3Yya/IbHbIX XapPaKTEPUCTUK PaHbl U BUOXMMMUYECKMX NOKa3aTesnel Kposu. CpaBHUTENbHbIN aHaNM3
aNropmTMOB MOKas3as, YTo aHcambnesbit meTog CatBoost obecneuymBaeT HaMBbLICLIYIO TOYHOCTb
(AUC = 0.92) B ycnoBuaAxX MasibiX MeANLMHCKMX BbIOOPOK.

KntoueBble cnoBa: oxoeo8as bone3Hs, MawuHHoe obyyeHue, KoMbycmuono2us, KAaccugpukayus,
CatBoost, MeQuUUHCKaa OuaeHOCMUKQ.

Development of an ML Model for Burn Severity Recognition and Outcome Prediction

Abstract: Burn disease is a systemic response to thermal injury, where early and accurate
assessment of lesion depth is critical. In this study, a machine learning model was developed to
classify burn degrees and predict the risk of complications based on combined data: visual wound
characteristics and biochemical blood parameters. A comparative analysis of algorithms
demonstrated that the CatBoost ensemble method provides the highest accuracy (AUC = 0.92) in
the context of small medical datasets. The findings suggest that integrating ML-based decision
support systems can significantly reduce diagnostic errors in emergency burn care.

Keywords: burn disease, machine learning, combustiology, classification, CatBoost, medical
diagnostics.

BeeaeHue

O»korosan 601e3Hb OCTAeTCA OAHOM N3 CaMbIX C/TOXHbIX 06/1acTel SKCTPEHHOM MeANLIMHDI
M3-3a BbICOKOTO PMCKA Pa3BMTMA LLOKA, Cencmca U NOAMOPraHHOM HeagoCTaTOYHOCTU. Katouesol
npobaemomt aBnaeTca CybbeKkTUBHOCTb BU3YasibHOM OLLEHKKN TNYyBUHbI OXKO0ra, TOYHOCTb KOTOPOW Y
Bpayel obuiero npodmna He npesbliwaet 60—70%.

CoBpeMeHHble MeToAbl MallMHHOro obydeHma (ML) nos3BonAOT MHTErpMpoBaTb
BM3ya/ibHble MPU3HAKM PaHbl C BMOXMMUYECKMMM MapKePaMM KPOBK A1A CO34aHMA OOBEKTUBHbIX
CUCTEM MOAAEPHKKM MPUHATMA BpavebHbIX pelweHnin. Llenbto AaHHOro nccnenoBaHWA ABNAETCA
pa3paboTka Moaenn, CnocobHOM C BbICOKOM TOYHOCTbIO AMddEepeHLMPOBaTL CTENEHN OXKOra U
NPOrHO3MpPOBaTb PUCK PA3BUTUA OXKOrOBOTO LLIOKA.
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MaTepmanbl n MeToapbl
JaHHble
[ns obyyeHUs Moaenn MCnoab3oBaHbl PETPOCMEKTUBHbIE AaHHble 1 200 NaUMeHTOB OXOroBOro
LueHTpa. Kaxkaas 3anmcb BKAKOYaNa 22 Npu3sHaka, pasaeneHHbIX Ha Tpuy rpynmnbl:

1. AHaMHecCTU4YecKMe: BO3pacT, Noa, STMoforua (n1amsa, nap, XMMMYECKMI areHT).

2. KnuHuyeckue: obuias naowaab nopaskeHusa (), nHaekc PpaHka, 1o0Kannsaums.

3. JlabopaTopHble: ypoBeHb NaKTaTa, remornobuHa, KpeaTuHuHa, obuero 6enka U

NIeMKOUMTaPHbIA MHAEKC MHTOKCUKALUMW.

Mepen obOyyYeHWEM fAaHHble NPOWAW 3Tan  HopmanuMsauuum (Z-score) W KOAMPOBAHUS
KaTeropmanbHbIx Npm3Hakos (One-Hot Encoding).

MaTtemaTtuyeckui annapat
[nAa OUEHKM TAMKECTU COCTOAHMSA WMCNONb30BancAa MHAEKC PpaHka (), paccumTbiBaembli Mo
dopmyne:
IF=S8,+3 xS,
rae S, — naowaap NoBepxHOCTHbIX 0Xoros (I-Il ¢ct.), S, — naowaap rybokmx oxoros (I1I-IV cT.).

Mogenun n metogpl obyyeHums
[na knaccudurKaumm pmucka HebnaronpumaTtHoro ncxoaa (0 — ctabunbHoe cocToAaHne, 1 — BbICOKMM
PUCK LOKa) MCNO/b30Ba/INCh:

1. CnyuaiHbiii nec (Random Forest)

2. XGBoost

3. CatBoost (BbibpaH M3-3a 3ddeKkTMBHOM 006paboTKM  KaTeropuasnbHbIX [AaHHbIX O

JIOKaNM3aLmMm OXoros).

OugeHKa KayecTBa NPOBOAMAACL C MOMOLLbIO Kpocc-Bannaaumm no 5 6n1okam. OCHOBHAs MeTpPMKa
— Log-Loss, KOTopyto aNropuTM CTPEMUTCA MUHUMU3MPOBATD:

N
1
Logloss = —~ > [yilog(py) + (1 = yp)log(1 = py)]
i=1

Pe3ynbTaThl M 0bCyKaeHNe

Anroputm CatBoost nokaszan Hambonee BbICOKYHO TOYHOCTb M YCTOMYMBOCTb K MPOMyCKaM B
OAHHbIX.

NTOrosble MeTPMKKN Ha TECTOBOM BbibopKe:

Moodens Accuracy Recall Precision F1-Score AUC
Random Forest 0.84 0.80 0.83 0.81 0.88
XGBoost 0.87 0.84 0.86 0.85 0.90
CatBoost 0.90 0.87 0.89 0.88 0.92

AHanun3 BaxKHOCTM Npu3HakoB (Feature Importance) nokasan, 4To HanboNbLINI BKAAZ B MPOrHO3
BHOCAT:

e YpOBeHb NlaKTaTa KPOBKM (MapKep rMNOKCKMK TKaHekn).

e BospacT naupeHTa.

e MHaekc PpaHka.
Mony4yeHHble pe3ynbTaTbl NOATBEP)KAAOT, YTO MOJenb cnocobHa pacno3HaBaTb KPUTUYECKUe
COCTOSIHMA NPW OXKOroBoM HoNe3HM TOYHee, YeM TPAANLMOHHbIE CTAaTUCTUYECKME LKaNbI.
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3akstoveHve

PaspaboTtaHHaa Mopaenb Ha 6ase anroputma CatBoost nossonAeTr ¢ ToyHOCTblO  90%
NPOrHO3MpPOBaTb PUCKM MPU OXKOroBOW HonesHn. VIHTerpauma AaHHOM MOAENN B KAMHUYECKYHO
NPaKTUKy TMO3BO/NT Bpadam ObiCTpee MNPUHUMATL pPelleHne O HeobXOAMMOCTU paHHEeMN
HEKPIKTOMMUK (Onepaummn) MAnM MHTEHCUBHOM MHOY3IMOHHOW TEPANMK, YTO NOTEHLMANIbBHO CHU3UT
NeTaNbHOCTb B rpynne TAXeblX NaLMeHTOB.
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AHHOTaumA: ToyHoe onpedeneHuve NAOWAAM OXora () ABNSETCA KpUTUYECKMM baKTopom Ans
pacyeTa obbema MHOY3MOHHOM Tepanuu. B gaHHoOW paboTe npeanoXeHa moaensb rnyboKoro
obyyeHua Ha b6ase apxuTekTypbl U-Net ¢ sHKogepom EfficientNet-BO gns aBTomaTmMyeckol
CEerMeHTauMmM 30H TEePMUYECKOro MoparkeHua Ha umMdpoBbIX M30bOpaxKeHusax. McnonblosaHue
pa3paboTaHHOro anropMTMa No3BOAET CHM3UTL OLWKMOKY B pacyeTe naolaam nopaxeHma Ha 15%
MO CPaBHEHMIO C METO0M MPaBMAa «AEBATOKY.

Kntouesble cnoBa: ceemeHmauua uszobpaxceHull, 2nybokoe obydyeHue, U-Net, oxozo8aa paHa,
KOMNblomepHoe 3peHue, KOMNblomepHas 0ua2HOCMUKA.

Development of a Neural Network Algorithm for Burn Surface Segmentation Based on U-Net
Architecture

Abstract: Accurate determination of the Total Body Surface Area () is a critical factor for calculating
fluid resuscitation volume. This paper proposes a deep learning model based on the U-Net
architecture with an EfficientNet-BO encoder for automatic segmentation of thermal injury zones
on digital images. The application of the developed algorithm reduces the error in calculating the
burn area by 15% compared to the traditional "rule of nines" method.

Key words: image segmentation, deep learning, U-Net, burn wound, computer vision, computer-
aided diagnosis.

BeseaeHue / Introduction

TpaanUMOHHbIE METOAbl OLEHKM NAoWAAM oXora (NpaBuMno «aAeBATOK» Yonneca) 4acTto
NPMBOAAT K TMNEepAMarHOCTUKE U M3ObITOYHON MHOY3MM. ABTOMATMYECKaa CermeHTaums
n306pakeHMin NO3BONSET NONYUYMTb TOYHbIE KOHTYPbI PaHbl M NEPEBECTN NUKCENbHbIE 3HAYEHNSA B
peanbHble dU3nYecKkne eanHULLbI.

Traditional methods of assessing burn area (Wallace Rule of Nines) often lead to over-
diagnosis and fluid overload. Automatic image segmentation allows for precise wound contouring
and conversion of pixel values into real physical units.

MaTtepuanbl U metogpl / Materials and Methods
[JanHble (Data): Habop 13 500 ¢doTorpaduini 0sKoros, pasmedeHHblx (pixel-wise mask) Tpems
HEe3aBMCKMMbIMM SKCMIEPTAMM.
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ApxuTtektypa: Micnonb3osanacb HenpoceTb U-Net ¢ dyHKumenr notepb Dice Loss, KoTopas
MUHUMU3NPYET PA3HNULLY MEXIY NpeacKa3aHHOM M peasibHOM MaCKoW:

2|AN B|

|Al + |B]

rne A — npeackasaHHas obnactb, B — ncTtnuHHas obnacTtb oxora.

Dice =

Pe3ynbTathl / Results
Mogenb MoOKasana BbICOKYH YCTOMYMBOCTb K C/AOMHbIM  GOHAM (BUHTbI, MeaULMHCKUE
MHCTPYMEHTbI).

MeTpuKa 3HayeHue (Value)

Dice Coefficient 0.88

loU (Intersection over Union) 0.82

Mean Pixel Accuracy 0.94
3akntoueHme

B xome wccnenoBaHus 6Oblna paspaboTaHa M NpOTecTMpoOBaHa HelpoceTeBaa MoAesb Ha
apxutektype U-Net, npeaHasHauyeHHaa A41A  aBTOMATMUYECKOM  CerMeHTaUMM  OXOroBbIX
NOBEPXHOCTEN. B OTMUMe OT TPaAMUMOHHBbIX CYOBEKTUBHbBIX METOAOB OUEHKM (NpaBuao
«[1€BATOK»), NPEeANIOKEHHbIM anroputm obecneymBaeT BbICOKYHO TOYHOCTb JIOKAAM3aLMM
nopaxexusa ¢ koadpoduumeHtom CépeHceHa-Aavica (Dice = 0.88).

MpaKkTmMyeckas 3HAYMMOCTb PaboTbl 3aK/MOYAETCA B BO3MOMKHOCTM aBTOMAaTM3aLMM pacyeTa
NAOWAAN O¥Kora (), YTO KPUTMYECKM BaXKHO A1A onpeaeneHns obbema MHOY3MOHHON Tepanum B
nepBble «30/10Tble Yacbl» Nocse TpaBmbl. Moaenb AEMOHCTPUPYET YCTOMUYMBOCTb K BM3YalbHbIM
MOMeXaM M Pa3IMYHbIM YC/IOBUAM OCBELLEHMA, YTO AeNAET e€ NepcnekTMBHOM ANA UHTErpaLnn B
MOBUNbHbIE TENEMEANUMHCKME NPUNONKEHNA ANA BPAYEN CKOPOM MOMOLLM M NEPBUYHOIO 3BEHA.

Conclusion

The study developed and tested a neural network model based on the U-Net architecture for
automatic segmentation of burn surfaces. Unlike traditional subjective assessment methods (e.g.,
the Wallace Rule of Nines), the proposed algorithm ensures high localization accuracy with a
Sgrensen—Dice coefficient of 0.88.

The practical significance of this work lies in the ability to automate the calculation of Total Body
Surface Area (), which is critical for determining fluid resuscitation volumes during the "golden
hours" following injury. The model demonstrates robustness against visual noise and varying
lighting conditions, making it a promising tool for integration into mobile telemedicine applications
for emergency and primary care physicians.
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Abstract

In contemporary education systems, the effectiveness of the STEM (Science, Technology,
Engineering, and Mathematics) approach is significantly enhanced through the integration of
information technologies, particularly cloud computing technologies. This study aims to analyze
the potential, pedagogical value, and practical benefits of using cloud-based technologies in the
STEM-IT teaching and learning process. In the context of digital transformation, cloud platforms
provide flexible, scalable, and accessible learning environments that support both individual and
collaborative learning models.

The paper examines key applications of cloud computing models—Software as a Service
(SaaS), Platform as a Service (PaaS), and Infrastructure as a Service (laaS)—within STEM—IT
education. These applications include virtual laboratories, online programming environments,
cloud-based data storage and processing, collaborative project development, and real-time data
visualization. Particular attention is given to widely adopted platforms such as Microsoft Azure,
Google Cloud, and Amazon Web Services (AWS), which offer extensive educational tools and
resources for STEM learning environments.

The findings indicate that the integration of cloud technologies into STEM—IT education
contributes significantly to the development of computational, algorithmic, and critical thinking
skills. Cloud-based learning environments facilitate problem-based and project-oriented learning,
increase student engagement, and promote digital collaboration. Moreover, cloud technologies
reduce technical and infrastructural barriers, expand access to educational resources, and ensure
continuity of the learning process in both classroom-based and remote learning settings.

The study also discusses challenges associated with the implementation of cloud
technologies in education, including data security and privacy concerns, the need for enhanced
digital competencies among educators, and limitations related to technological infrastructure. The
paper concludes with practical recommendations for the effective integration of cloud
technologies into STEM—IT education, emphasizing their role in improving educational quality and
preparing learners for future digital professions in a technology-driven society.

Keywords : Cloud Computing, STEM Education, Information Technology Integration, Digital
Learning Environments, Computational Thinking, Project-Based Learning, Educational Technology,
Virtual Laboratories

1. Introduction

In recent years, STEM (Science, Technology, Engineering, and Mathematics) education has
emerged as a strategic priority within modern educational systems worldwide. Rapid technological
advancements, digital transformation, and the increasing demand for highly skilled professionals
have significantly reshaped educational goals and instructional methodologies. STEM education
emphasizes interdisciplinary learning, practical problem-solving, and the application of scientific
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and technological knowledge to real-world challenges. As a result, it plays a crucial role in preparing
learners with the competencies required for participation in a technology-driven global economy.

The integration of STEM education into modern learning systems aims to foster analytical
thinking, creativity, innovation, and collaboration. Unlike traditional subject-based instruction,
STEM education promotes the interconnectedness of disciplines, encouraging learners to
approach complex problems holistically. This approach aligns with contemporary educational
frameworks that prioritize student-centered learning, inquiry-based methodologies, and
experiential learning. Consequently, STEM education has become a foundational component of
educational reform initiatives at both school and higher education levels.

Information technology (IT) serves as a core enabler of effective STEM education. The
integration of IT tools and digital technologies enhances teaching and learning processes by
enabling interactive content delivery, real-time feedback, and data-driven learning experiences.
Programming environments, simulation tools, digital modeling software, and online collaboration
platforms allow students to engage with abstract concepts through visualization and
experimentation. Furthermore, IT integration supports the development of computational
thinking, algorithmic reasoning, and digital literacy—skills that are essential for success in STEM-
related fields.

The growing complexity of STEM content has further increased the need for advanced
technological support. Traditional classroom infrastructures often face limitations related to
hardware availability, software licensing, and scalability. In this context, cloud computing has
emerged as a transformative solution that addresses many of these challenges. Cloud technologies
provide on-demand access to computing resources, software platforms, and data storage through
internet-based services, eliminating the need for extensive local infrastructure.

Cloud computing models—Software as a Service (SaaS), Platform as a Service (PaaS), and
Infrastructure as a Service (laaS)—offer flexible and scalable environments that are particularly
well suited to STEM—IT education. Through cloud-based platforms, learners can access virtual
laboratories, online programming environments, data analytics tools, and collaborative
workspaces from any location and device. This accessibility supports both face-to-face and remote
learning modalities, ensuring continuity of education and equal access to learning resources.

Moreover, cloud technologies facilitate project-based and problem-based learning
approaches by enabling real-time collaboration, version control, and data sharing among students
and educators. These capabilities are essential for STEM education, where teamwork,
experimentation, and iterative problem-solving are integral components of the learning process.
Cloud-based environments also support the integration of emerging technologies such as artificial
intelligence, Internet of Things (loT), and big data analytics into educational practices, further
expanding the scope of STEM—IT learning.

Despite the growing adoption of cloud technologies in education, several challenges
remain. Issues related to data security and privacy, digital competence of educators, and
technological infrastructure disparities can hinder effective implementation. Therefore, a
systematic examination of the pedagogical value and practical implications of cloud computing in
STEM-IT education is necessary to inform evidence-based educational practices.

The primary objective of this study is to investigate the role of cloud computing
technologies in enhancing STEM—IT teaching and learning processes. The research aims to analyze
how cloud-based tools contribute to student engagement, skill development, and learning
outcomes within STEM education contexts. Additionally, the study seeks to identify key benefits
and challenges associated with the integration of cloud technologies in STEM—IT education.

The significance of this research lies in its contribution to the understanding of how cloud
computing can support innovative pedagogical models in STEM education. By providing insights
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into effective integration strategies, this study offers practical guidance for educators, curriculum
designers, and policymakers seeking to modernize STEM—IT education.
To achieve these objectives, the study is guided by the following research questions:
1. How do cloud computing technologies influence teaching and learning processes in STEM—
IT education?
2. What impact do cloud-based learning environments have on students’ computational
thinking and problem-solving skills?
3. What challenges and limitations are associated with the implementation of cloud
technologies in STEM—IT education?
4. How can cloud computing be effectively integrated into STEM curricula to enhance
educational outcomes?
By addressing these questions, the study aims to contribute to the ongoing discourse on
digital transformation in education and to support the development of future-ready STEM—IT
learning environments.

2. Methodology
2.1 Research Design

This study adopts a mixed-methods research design, combining qualitative and quantitative
approaches to provide a comprehensive analysis of the use of cloud technologies in STEM—IT
education. The mixed-methods approach was selected to capture both measurable learning
outcomes and in-depth insights into pedagogical practices and user experiences. Quantitative data
enable the evaluation of changes in student engagement, skill development, and learning
performance, while qualitative data provide contextual understanding of instructional strategies,
challenges, and perceptions of educators and learners.

The research design follows an exploratory and descriptive framework, allowing for the
examination of cloud technology integration within authentic educational settings. This approach
supports triangulation of findings, thereby enhancing the validity and reliability of the research
outcomes.

2.2 Educational Context

The study was conducted within a STEM—IT educational environment encompassing both
secondary school and higher education contexts. The educational settings included technology-
oriented classrooms and computer laboratories where cloud-based tools were systematically
integrated into STEM instruction. Participants consisted of students enrolled in STEM-related
courses and educators responsible for delivering IT-supported STEM curricula.

At the school level, the focus was placed on foundational STEM—IT competencies, including
basic programming, computational thinking, and problem-solving skills. At the higher education
level, the emphasis was on advanced applications such as cloud-based programming, data analysis,
virtual laboratory simulations, and collaborative software development. This multi-level
educational context enabled a broader evaluation of cloud technologies across different stages of
STEM education.

2.3 Data Collection Methods

Multiple data collection methods were employed to ensure methodological rigor and
comprehensive data coverage.
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First, a systematic literature analysis was conducted to identify existing research,
theoretical frameworks, and best practices related to cloud computing in STEM education. Peer-
reviewed journal articles, conference proceedings, and policy reports were reviewed to establish
a conceptual foundation for the study.

Second, case studies were used to examine real-world implementations of cloud-based
STEM-IT learning environments. These case studies focused on specific instructional scenarios
where cloud platforms were integrated into teaching practices, such as project-based learning
modules, virtual laboratory activities, and collaborative programming tasks.

Third, surveys were administered to students and educators to collect quantitative data on
user perceptions, engagement levels, and perceived learning outcomes. The survey instruments
included Likert-scale items and open-ended questions to capture both numerical trends and
gualitative feedback.

Additionally, classroom observations were conducted to document instructional practices,
student interactions, and technology usage patterns. Observation protocols were designed to
capture pedagogical strategies, collaboration dynamics, and learner engagement within cloud-
supported learning environments.

2.4 Tools and Technologies Used

The study utilized a range of cloud platforms and educational technologies to support
STEM-IT instruction. Cloud service providers such as Microsoft Azure, Google Cloud Platform, and
Amazon Web Services (AWS) were employed to deliver scalable computing resources and cloud-
based programming environments.

Learning management systems (LMS), including Microsoft Teams, Google Classroom, and
Moodle, were used to facilitate course management, content delivery, and communication. Virtual
laboratories and simulation tools enabled students to perform experiments and technical tasks
without the constraints of physical infrastructure.

Programming environments such as Python-based cloud notebooks, web-based IDEs, and
collaborative coding platforms supported hands-on learning and real-time collaboration. Data
visualization and analytics tools were also integrated to enhance students’ ability to analyze and
interpret data within STEM contexts.

2.5 Data Analysis Methods

Quantitative data collected through surveys were analyzed using descriptive and inferential
statistical techniques. Descriptive statistics were used to summarize participant responses, while
comparative analyses examined differences in engagement and learning outcomes before and
after the integration of cloud technologies.

Qualitative data obtained from literature analysis, case studies, open-ended survey
responses, and classroom observations were analyzed using thematic analysis. Coding procedures
were applied to identify recurring themes related to pedagogical effectiveness, technological
challenges, and learning experiences.

The integration of quantitative and qualitative findings allowed for data triangulation,
enhancing the credibility of the research results. This mixed-methods data analysis approach
provided a holistic understanding of the role of cloud technologies in STEM—IT education and
supported evidence-based conclusions.
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3. Results and Discussion
3.1 Impact of Cloud Technologies on Student Engagement and Learning Outcomes

The findings of the study indicate that the integration of cloud technologies into STEM—IT
education has a positive and statistically meaningful impact on student engagement and learning
outcomes. Survey results and classroom observations reveal increased levels of student
participation, motivation, and sustained interest when cloud-based tools were incorporated into
instructional activities. Students demonstrated greater autonomy in learning, as cloud platforms
enabled continuous access to educational resources beyond traditional classroom boundaries.

Cloud-supported learning environments facilitated personalized learning experiences,
allowing students to progress at their own pace and revisit learning materials as needed. This
flexibility contributed to improved conceptual understanding and knowledge retention. Moreover,
the use of virtual laboratories and interactive cloud applications enhanced experiential learning by
enabling students to apply theoretical concepts in simulated real-world scenarios. These findings
align with existing research suggesting that technology-enhanced learning environments improve
academic performance and learner satisfaction in STEM disciplines.

3.2 Development of Computational and Critical Thinking Skills

One of the most significant outcomes of cloud-based STEM-IT instruction was the
enhancement of students’ computational and critical thinking skills. The availability of cloud-
hosted programming environments and data analytics tools encouraged students to engage in
algorithmic problem-solving and logical reasoning tasks. Students were able to experiment with
code, test hypotheses, and analyze outcomes in real time, fostering a deeper understanding of
computational processes.

Qualitative analysis of student feedback revealed that cloud-based platforms supported
iterative learning and reflective thinking. The ability to modify code, receive immediate feedback,
and collaborate on problem-solving tasks contributed to the development of higher-order thinking
skills. Furthermore, problem-based learning activities conducted within cloud environments
required students to analyze complex problems, evaluate alternative solutions, and make data-
informed decisions. These results highlight the role of cloud technologies in promoting critical
thinking and cognitive flexibility within STEM—IT education.

3.3 Effectiveness of Cloud-Based Collaboration and Project-Based Learning

The study also demonstrates the effectiveness of cloud technologies in supporting
collaboration and project-based learning within STEM—IT education. Cloud platforms enabled real-
time collaboration through shared workspaces, version control systems, and communication tools.
Students worked collaboratively on programming projects, data analysis tasks, and engineering
design challenges, regardless of physical location.

Project-based learning activities facilitated by cloud environments encouraged teamwork,
peer learning, and interdisciplinary integration. The results show that students developed not only
technical competencies but also soft skills such as communication, collaboration, and project
management. Educators reported improved monitoring and assessment capabilities, as cloud-
based tools allowed for continuous tracking of student progress and contributions. These findings
suggest that cloud-supported collaboration enhances the effectiveness of project-based learning
approaches in STEM—IT contexts.
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3.4 Comparison between Traditional and Cloud-Supported STEM—IT Teaching Approaches

A comparative analysis between traditional STEM—IT teaching methods and cloud-
supported approaches revealed notable differences in instructional effectiveness and learner
outcomes. Traditional teaching models, which rely heavily on fixed classroom infrastructure and
static learning materials, were found to limit flexibility and scalability. In contrast, cloud-supported
approaches provided dynamic, interactive, and resource-rich learning environments.

Students in cloud-enhanced STEM—IT courses demonstrated higher levels of engagement,
improved problem-solving abilities, and greater collaboration compared to those in traditional
settings. Additionally, cloud-based approaches reduced dependency on physical laboratories and
specialized hardware, making STEM education more accessible and inclusive. These results
underscore the transformative potential of cloud technologies in redefining STEM—IT teaching and
learning paradigms.

3.5 Challenges and Limitations

Despite the positive outcomes associated with cloud technology integration, the study
identified several challenges and limitations that must be addressed. Data security and privacy
concerns emerged as a significant issue, particularly regarding the storage and management of
student data on cloud platforms. Ensuring compliance with data protection regulations and
institutional

4. Conclusion and Recommendations

This study examined the role of cloud technologies in enhancing STEM—IT teaching and
learning processes within modern educational environments. The findings confirm that the
integration of cloud computing significantly contributes to improving student engagement,
learning outcomes, and the development of essential digital competencies. Cloud-based learning
environments provide flexible, scalable, and accessible platforms that support innovative
pedagogical approaches and align with the evolving demands of digital education.

Summary of Key Findings

The results demonstrate that cloud technologies positively influence student participation
and motivation by enabling interactive and personalized learning experiences. The use of virtual
laboratories, cloud-based programming environments, and collaborative platforms enhances
conceptual understanding and facilitates the practical application of STEM knowledge.
Additionally, the study highlights the significant role of cloud technologies in developing
computational thinking, critical reasoning, and problem-solving skills. Cloud-supported project-
based learning and collaboration were found to be particularly effective in fostering teamwork,
interdisciplinary integration, and real-world skill development.

Pedagogical Implications for STEM—IT Educators

The findings suggest important pedagogical implications for STEM—IT educators. Cloud
technologies enable teachers to shift from traditional, teacher-centered instruction to student-
centered and inquiry-based learning models. Educators can design more engaging and flexible
learning activities that promote experimentation, collaboration, and reflective thinking. Moreover,
cloud-based tools allow educators to monitor student progress in real time, provide timely
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feedback, and implement data-driven instructional strategies. To fully leverage these benefits,
ongoing professional development and digital competency training for educators are essential.

Recommendations for Integrating Cloud Technologies into STEM Curricula

Based on the study findings, several recommendations are proposed for the effective
integration of cloud technologies into STEM—IT curricula. First, educational institutions should
adopt cloud platforms that support programming, data analysis, and virtual experimentation while
ensuring data security and privacy. Second, curriculum designers should incorporate project-based
and problem-based learning activities that leverage cloud-based collaboration and real-time data
processing. Third, institutions should invest in professional development programs that equip
educators with the necessary technical and pedagogical skills. Finally, policymakers should support
infrastructure development and provide guidelines for the ethical and secure use of cloud
technologies in education.

Directions for Future Research

Future research should explore longitudinal impacts of cloud-based STEM—IT education on
student achievement and career readiness. Comparative studies across different educational levels
and cultural contexts would further enrich the understanding of cloud technology adoption in
education. Additionally, empirical research focusing on emerging technologies such as artificial
intelligence, learning analytics, and Internet of Things (loT) integration within cloud-supported
STEM environments is recommended. These research directions will contribute to the continued
advancement of innovative, inclusive, and effective STEM—IT education models.
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KOMMO3UTTIK DannaHbICTbIPFbILLTAP
Heri3iHaer! e34irHeH Hblfbl3AanaTbiH
6eToHAbl MOHOAUTTI KYPbIIbIMAAPAa
KON AAHYAbIH TEXHOMOMMANBIK,
epeKLlenikrepi

HaHb6bIpbaes Mepein Ucaynbl

2 Kypc maructpaHThbl, K. M. CoTbaeB aTbiHAafbl Ka3akK YATTbIK TEXHUKA/bIK 3epTTey
YHUBEpPCUTETI

TaHupbepreHoBa AHap AMMPXaHOBHaA

TEXHMKA FblbIMAAPbIHbIH, KAHAMAATLI, KaybiIMAACTblpblAfaH Nnpodeccop, K. M. Catbaes
aTblHAafbl Ka3aK YATTbIK TEXHUKAbIK 3€PTTeY YHUBEPCUTETI

AHgaTtna. ©34iriHeH Hblfbl34anaTblH OETOH - 83 CaIMafbiMeH Tbifbl34anbIn, BUOPALMACHI3
KaNbINTbl TOMbIK TOATbIPATbIH, apMaTypa apacblHaH €pKiH eTeTiH KaHe KabaTTanbin 6eniHyre
Te3iMAI pPeonorvanbik Xyne. byn KacueTTep Kasipri MOHOAUTTI KypblabiMAapAa apmaTypaHbIH,
TbIFbI3 OPHANACybl, FEOMETPUAHbIH, KYpAeNeHyi aHe eHbeK eHiIMAINIriH ecipy TananTtapbimeH
Tikenen ywrtacazbl. Makanaga ©HB TexHONOrMACHIHbIH, WelyLwi TopanTapbl - YHTaKTbIK Kypam
(powder concept), nosiMkapboKkcmnaT-apmp (PCE) cynepnnactMdMKaTopiapbiHbIH,
aMcneprmpaeyli  MexaHu3mi, MUHepanablK KocnanapMeH KOMMO3WUTTIK OalNaHbICTbIpFbILL
KypacTblpy /IOTMKACbl KaHe canaHbl HaKblnayablH CTaHAAPTTaNAfaH CbIHAKTApbl - Xyneni Typae
TangaHadpl. HopmaTtuBTIK Heri3 peTiHae Eyponanbik HYCKay/blKTap MeH CblHaK CTaHAApTTapbl,
COHAAM-aK XaNblKapanblK KapuANaHbIMAAPAAFbl CaHAbIK HITUMXKenep anbiHAabl. HaTuxenik
benimge op en  ToxipubeciHaeri  Kocna  Kypambl  CabICTbIPbIIbIN,  KOMMO3MUTTIK
HalrnaHbICTbIPFbILLTAPAbIH (K, JOMHA WAArbl, 9KTaC YHTafbl, MMKPOKpeMHe3eM *aHe T.6.) OHB-
HbIH, aFbIMAbINbIFbI, TYTKbIPAbIFbI, KabaTTanyfa TyPaKTbINbIFbl }KaHE BepiKTiK AamMyblHa acep eTeTiH
Heri3ri mexaHuamaepi KepceTinedi. ABTOPAbIK VAeC PeTiHAe MOHOAUTTI Kyl afdalbliHa
benimaenreH KoCnaHbl TaHAay aArOPUTMI XKaHe TayeKkenaepAai 6ackapy KapTacbl YCbIHbINAAbI.

TyMiH cespnep: e3airiHeH Hblfbl3ganatbiH 6eToH, SCC, KOMNO3UTTIK 6alnaHbICTbIPFbILL,
NONMKapboKcKMNaT  cynepnnacTMPmMKaTop, VYHTAKTbIK KOHUEenuua, peonorns, KabaTranyfa
TO3IMAINIK, MOHOJINTTI KYIO.

Kipicne

MOHONUTTI KypbinbiMaapaa 6eToH KOCnacbiHbIH HAKTbl MiHe3i - »obanblK ecenTeH Kem
emec MmaHbi3abl paktop. Cebebi Kasipri npakTuKaga OETOH TeK OepikTiKKe faHa emec, Kyl
NOTUCTUKACbIHA, apmaTypa TOPbIHbIH, BTiMAiNIriHe, Kanbin KbiCbiMblHa, OeT canacbiHa XaHe
OHAIPICTIK Kayincisaikke kayan bepesi. Ocbl Typsblaa OHB - «3KoFapbl XKbITKbIMAAbIIbIK» VFbIMbIH
MeXaHWKaNblK BMOpaumaaaH Toyencis AeHrenre keTepreH matepuaniblk TexHonormna [1].

OHB-HbIH, FbIIbIMM HETI3i PE0NOrMAAa *KaTblp: MaTepMan e3 casiMarbiMeH afybl VLIiH afy
weri (yield stress) TemeH 6onybl Kepek, an KabaTranbin 6eniHbeyi ViiH NAaCTUKANbIK TYTKbIP/bIK,
NeH KypbIAbIMABIK TYPaKTbIAbIK KeTKiNiKTi 6onybl TWic. MyHAan Kapama-Kallibl Tanantap
KNaCCUKa/bIK «Cy KOCbIN Xibepy» TacinimeH wWewinmenai - KepiciHwe, cy-6aliiaHbICTbIPFbILL
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KaTblHackl Hakplnayaa 6onbin, amcnepripney xmmuacel (PCE), ycak MUHepanaplK KOMNOHEHTTep
oHe TyMipnik kanTany (particle packing) bipre skymbic icTeyi kepek [2].

©HB-HbIH, KeH TapanyblHbIH Tafbl 6ip cebenTik KabaTbl bap: LEeMEHT OHAIPIC KNMMATTbIK KYH
TOPTIbiHAE «KMbIH CEKTOP» CaHaTbiHa »aTadbl. International Energy Agency LeMeHT CeKTOpbIHAA
2030 kbinFa geriiH Tikenent CO2 KapKbIHAbIbIFbIH XKblbIHA WamameH 4% ToMeHAETY KarkeT eKeHiH
atan kepceteai. COHAbIKTAH KOMMO3UTTIK OalNaHbICTbIPFbILLTAP (KY/, LWAAK, 9KTAC YHTafbl KaHe
Hbacka SCM) TeKk KyH Hemece OepiKTiK VLWIiH eMec, KeMipTeKTiK i3i TeMeH TexXHONOrUANbIK
TPaAeKTOPMA YLWIH A& MaHbI3Abl.

onebw wony

©3airiHeH HblFbi3ganaTblH 6eTOH TYXKblpbIMAAMAChIHbIH,  KasbinTacybl XX facbipapblH,
COHbIHAA OEeTOH TeXHONOrMACbIHAAFbl cananbik beTbypbicneH Tikenen GannaHbiCcTbl. [acTypni
H6eToH eHAipiciHAEe KOCNAHbIH, TbifbI34aybl MEXaHWKaNbIK BMOPaLIMA apKbl/ibl KAMTamachl3 eTifce,
OHB 6yn KaXkeTTiNiKTi KocnaHbIH, iLKi peonormanbik KacneTTepi apKbliibl Wellyre 6afbiTTanfaH.
Ocbl NapaAnrmanblK e3repicTiH, fblibIMK Heri3i *anoHMAaa KyprisinreH septreyaepae KanaHapl.
X. Okamypa meH M. Oyun e3 eHbeKTepiHae ©HB-Hbl «83 canMafbiHbIH, 3CEPiHEH Tbifbi34anaTbIH
KyMe» peTiHAe aHbIKTan KaHa KoMmak, Kocna »obanayabiH KnacCcuKanbiK TacinaepiHeH 6ac TapTty
KasKeTTiriH ganengeni [2]. OnapabiH NikipiHwe, macese BeToHAbl «Kanal Ko3fFasmasbl eTy» eMec,
KocnaHbl 6ip me3eTTe afbiMApl, 6TIMAI }KoHEe TYPaKTbl eTy.

Okamypa mekTebiHiH 6acTbl TEOPUABIK XaHaAblfbl - YHTAKTbIK pa3aHbiH, (cement + mineral
powder) peniH anapiHfbl KaTapFa Wbifapy. bya ke3kapac 6olbiHWa, OHB-HbIH PeoNornaANbIK MiHe3i
eH aNAbIMeH MacTaHblH KypblibIMbIMEH aHbIKTanaAdbl, an ipi TONTbIPFbILL TEK OCbl AaWblHAAAFAH
PEeONOTUANBIK opTaaa «eHrisineni». CoHAbIKTaH KocnaHbl bipaeH 6eToH peTiHae »obanay emec,
Ke3eH-Ke3eHMeH (nacTa -> epiTiHAi -> 6eTOH) CbiHay YCbIHbINAAbl. OP Ke3eH/e afbiMAblNbIK NeH
TYTKbIP/IbIK, apacbiHAafbl Tene-TeHAik OaKblNaHbIM, Keneci AeHrenre TeK TypaKTbl XKyhe eTKeH
Kafdalnga faHa Kelwy KepeK. byn apicHamaHblH MpPaKTWKaAblK M3HI 30p: O maTepuanta
ce3iMTanbIKTbl epTe Ke3eH[e aHblKTayfa KoHe KaTenikTi 6eToH aanbiH GonfaH COH emec,
H6acTankbl dasaga Ty3eTyre MyMKiHAIK bepea,.

Eyponanbik Toxipnbene ©HB-ra Kke3Kkapac bipliama nparmaTvKanblK apHada Aamblapl.
MyHzZa 6acTbl Hazap «Kanam »kobanay Kepek» AereH cypakTaH repi «Kanan Tekcepy »aHe Kanan
Kabblnaay Kepek» gereH macesnere ayaapsingsl. EFNARC a3ipnereH Eyponanbik HycKayibikTa ©OHB
KacMeTTepiH cunaTTay VWiH ywWwTik modenb ycbiHblnaabl: filling ability, passing ability »kaHe
segregation resistance [4]. byn moaenbAiH, fbiibiMM KYHAbIAbIFLI - OHB-HbIH Kypaeni miHesiH 6ip
eNlleMMeH emec, o3apa 0alnaHbICTbl  KACUETTEP MMUbIHTbIFbl  apKblabl  TyCiHAIpYiHAE.
AFbIMAbINBIKTbIH, *KOFapbl 60ybl KOCNaHbIH, KanbiNTbl TO/bIK TOATbIPATbIHbIH OingipreHimeH, on
apmaTypa apacbiHaH epKiH eTeTiHiH Hemece KabaTTa/iManTbIHbIH @aBTOMATTbl TYpAe Keningemena,.
CoHaplkTaH EFNARC 6ip napameTpre cyieHreH bafanayabl *KeTKiNikci3 gen caHanabl.

EFNARC norukacbiHaa slump-flow Tek filling ability kepceTkiwi peTiHAe KapacTbipblaagbl.
An passing ability apmaTypa TopbiHaH eTy KabineTiH cunaTtTantbiH L-box Hemece J-ring
TECTTEPIMEH, an TYTKbIPAbIK neH TypakTbiablK V-funnel xaHe BM3yanabl OaKkblnay apKblibl
baranaHaabl. MyHaam xikTey ©OHB-HbI TeK «oTe Ko3faiMa/ibl DETOH» Aen KapacTbipydaH apbinTbir,
OHbl HaKTbl WMHXEHEePAiK KacueTTep XMUbIHTbiFbl Oap MaTepuan peTiHae cunaTTayfa MYMKiHAiK
b6epeni. Ocbl TyprblaaH anfaHga EFNARC Hyckaynbifbl ©OHB-HbIH, ©HAIPICTIK «nacnopTbl» pesiH
aTKapaabl.

CbIHak, aaicTepiH bipisgeHaipy maceneci 2010-bingapaaH bactan cTaHA4apTTay AeHreliHe
keTepingi. EN 12350-8:2019 crtaHgaptbl ©HB yuwid slump-flow »aHe T500 yakbITblH enley
TopTIOiH HakTbl bekiTeai [4]. bya cTaHAapTTa ©Ley reOMeTPUACHI, YaKbITTbl TiIPKeY CaTi, HOTUMKEHI
ecenTey TaciNi XaHe ecen 6epy dopmaTbl aHbIK KePCeTiNreH. FbiNbiMK TypFblaaH Byn cCTaHAAPTTbIH,
MaHbI3bl - SPTYPAI 3epTxaHasap MeH OHAIPICTIK anandapda anblHFaH AepekTepai CanbiCTbipy
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MYMKIHAITIH  KamTamacbl3 eTyiHae. AfHM OHB canacbl cybbekTMB OaranaygaH  LWbIFbIM,
KalTanaHaTblH }aHe TEKCEPINETIH eleMaep *KyneciHe Kellem;.

EN 12350-8-ae kepceTinreH Dmax < 40 mm Tanabbl Aa Ke34eMCOoK emec. |pi TONTbIPFbILWTbIH,
e/lemi ynfailFaH cailbiH apMmaTypa apacbiHaarbl «baoKTany» Kayni eceai, an byn passing ability
KacueTiHe Tikenen acep etedi. MOHONUTTI Kytoaa, acipece Tbifbl3 apMaTypasaHfaH 31eMeHTTepae
Hemece y3blH Hacoc TpaccacbiHaa 6yn dakTop wewywi maHre me. COHAbIKTAH CTaHAAPT Tek
eAlleyai faHa emMec, KocnaHbl Xobanayfa KonblNaTbliH WEKTeyAepai Ae aKblHAaNabI.

9aebunettepai canbICTbipa OTbIPbIM, MbiHAAAN OPTaK KOPbITbIHAbI *acayfa bonaapl. KanoH
MekTebi ©HB-Hbl eH, anabiMeH MaTepuanplk XaHe Peosorna/bIK Kyle peTiHAe KapacTblpca,
eyponasnblK »3He CONTYCTIK aMepuKablK KysKaTTap OHbl Oakblnayfa 60naTblH ©HAIPICTIK
TeXHoNOrMA peTiHae AambiTTbl [5]. byn eki b6afbiT Bip-bipiHe Kapcbl emec, KepiciHwe 6ipiH-6ipi
TONbIKTbIPaAbl. Peonorvanbik Teopuacki3 ctaHaapTTap dopmanabliblkka anHanybl MYMKiH, an
CTaHAAPTTaNfaH CbIHAKTApCbI3 Teopus eHaipicTe icke acnanabl. Ocbl TypfblaaH anfaHaa, ©HB
TEXHONOTMACLIHbIH, Ka3ipri AeHreni - fbiibiIMM MOoAe b MeH HOPMATUBTIK DaKblnayablH, TyMickeH
HyKTeci. Jan ocbl 84ebu Heri3 KOMMNO3UTTIK 6alNaHbICTbIPFbILLTAPAbI KOMAAHY MICENECiH O3eKTi
eteni. Cebebi ©HB-ga yHTaKTbIK dasa Heri3ri pen aTkapaTblHAbIKTaH, LeMEeHTTI MUHepandblk
KOMMNOHEeHTTePMEH DipiKTipy TEK 3KONOMMANbIK HEMECE SKOHOMMKANbIK ceben emMec, PeoNormaHbl
HackapyablH, Tikenen KypanbiHa aHanaabl. OKamypaHblH, YHTAKTbIK KoHUenuuacsl meH EFNARC-
ThIH VLUTIK MOAENi KOMMNO3UTTIK BaNaHbICTbIPFbILLTAPAbI KOCbIMLLA MaTepnan» emec, OHB-HbIH,
TYPaAKTbIAbIFbIH KaMTamMacbhl3 eTeTiH KYpPblIbIMAbIK 31eMeHT PeTiHAE KapacTblpyfa TOJbIK Heri3
6epeai. Ocbinanwa, aaebrer neH HOPMATMBTIK KyKaTTapabl Tanzay KepceTKeHaen, MOHOANTTI
KypblibiMaapaa ©HB KongaHyablH Tabbichbl Keke pelenTypafa emec, Kobanay noruvkacbl +
CTaHAapTTanAfaH bakblaay + maTepuanfa ce3imTandblKTbl €CKepeTiH Tacin yiaecimiHe Tayenai. byn
TYXKbIPbIM anaafbl benimaepae KOMMNO3UTTIK HGalNaHbICTbIPFbILLTAPAbl TaHAAY KoHe KOAaHy
epeKLUeNiKTepiH TanaayablH TEOPUASBIK ipreTacbiH Kypanabl.

Matepuangap MmeH agicrep

3epmmey ousaliHbl

MymMbICTa HOPMATUBTIK Ky)KaTTapAafbl Tanantap, XafblKapanblK XapuanaHbiMaapaarsbl
O/LIEHTeH HRTUMKENEP KaHEe BHAIPICTIK cueHapuinep BipiKkTipinin, MOHONUTTI Kytofa benimaenreH
Wewim afalbl *acanabl [2].

Komnosummik 6alinaHeicmelpfeiumel maHOay KaFuodacs!

KomnosntTik 6ainaHbICTbipFbill Aen 6i3 nopTaaHAULeMeHTKe KemiHge bip muHepanapik,
KomnoHeHTTiH, (SCM Hemece filler) kocbinFaH »yreciH TyciHemis. MyHa eki makcaT KabaTTacaapi:

o DoneKTepadiH KanTanyblH *KaKcapTy apKblabl TYTKbIP/bIK MEH TYPAKTbIAbIKTbI Backapy;

e rMapaTaLms eHIMAEPIHIH MUKPOKYPbIbIMbIH Thbifbl31aYy apKbl/ibl BEPIKTIK NeH eTiMmajinik

TYPAKTbINbIFbIH KYLLENTY.

XumuAnelk Kocnanap #aHe PCE mexaHu3mi

MNonnkapbokecnnaT-ahup cynepnaactudukaTopaapsl LeMeHT benweKTepiH
ancneprupneyne aacopbums »KaHe CTepUKablK Kedepri MexaHuamaepiH KongaHaabl, byn cy
CYPaHbICbIH a3aMTbIM, *KalblAyabl apTTbipyFa MyMKiHAIK 6epeni [7]. derenmen PCE xyihenepi
MmaTepumanfa cesimTan: LUEeMeHTTIiH MWHEepanoruachl, YHTaK Kocnanap, TemnepaTypa KoHe
TacbiMangay yakpiTol acep etedi. CoHaplkTaH ©OHB-aa «b6ip faHa Ao3aHbl» ambeban welim aegy
KayinTi.

YCbIHbINATbIH BaKblaay nakeTi:

e slump-flow xaHe T500 (EN 12350-8) [4]

e L-box Hemece J-ring (6TiMAinik »kaHe «bnoKTany» baracol)

o V-funnel (TYTKbIP/bIK NEH TYPaKTbIIbIK MHAMKATOPbI)
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Hatu»kenep »koHe TanKkplnay

©HbB TexHonornsacel ambeban popmynara emec, HakTbl MaTepuanabik 6asara, alMMaKTbIK
WMKI3aTKA KOHE Kylo KafdalbiHa belimaenreH WewWiMaep KUbIHTbIFbIHAG — cyMeHesi.
9ebuneTTepae KaHe HOPMATUBTIK KyKaTTapaa KenTipifeTiH Kocna Kypamaaps! 6ip kapafaHaa 6ip
TEXHONOTMANBIK OafbiTKa *KaTaTblH CUAKTbl KOpiHreHiMeH, onapbl TEpPEHIipeK casblCTbipFaHaa
anKbIH alblpMallblablKTap 6aKkanaabl. byn anbipmallbiNbiKTap, eH andbiMeH, 6annaHbICTbIPFbILL
YMeEHiIH KypblabiMbiHAH KepiHeai. Kelbip enaepae ©OHB KypambiHAa NOpTAaHALEMEHT Mo LIepi
}ofapbl 6OMbIN, *KOFAPbl aFbIMAbINbIK NeH epTe bepikTikke Bacbimabik bepineai. MyHaan Tacin
apMaTypachl Tbifbl3, TEOMETPUACHI KYPAENi SINEMEHTTEPAI CEHIMAI TONTbIPYFa MyMKIHAIK Bepea;,
HipakK Kblayablk OefiHy MeH XUbIpblNy TayekeniH apTTbipadbl. backa anmakTapaa, KepiciHue,
LEMEHT LWbIFbIHbIH @3alTbiM, OHbIH OPHbIHA MWHEpPanAblk YHTAKTapAbl €Hri3y apKbijbl
TYTKbIP/IbIKTbI »KaHE KOCMNaHblH TYPaKTbIIbIFbIH Backapy cTpaTernscbl KondaHblnadbl. byn agic
JKOMIOMUANBIK KOHE 3JKOHOMMKANbIK TypFblaaH yTbiMAbl OOAYMeEH KaTap, Y3aK mep3imai
KYPbIIbIMbIK TYPAKTbIAbIKKA DafbiTTanFaH.

CoHbIMeH KaTap, cy MeJlepi MeH cynepnaactudmMkaTtop Ao3acbl Aa eHipAik
epeKkweniktepre HannaHbICTbl aMTapAbIKTal e3repedi. byn albipMallbIiNbIKTap «Cy Ken - cy a3»
[ereH KapanalblM IOTMKaMeH TyCiHAipiamenai. KepiciHwe, onap YHTaKTbIK $asaHbliH, KenemiHe,
MWHEpPanAablK KocnanapablH, AMCOEPCTiAiriHe, TOATbIPFbILLTAPAbIH, TYMIPAIK KyPamMblHA KaHe
TacbIManAay yakblTbiHa H6alnaHbICTbl KanbinTacaasl. Mbicanbl, ycak MUHEPANZbIK TONTbIPFbILITAP
Ken KONZaHbINFaH Kafaaiaa cy MesLepi caibiCTbipMaibl TYpAe *ofFapbl 601ybl MyMKiH, ananaa
6yn KocnaHblH, beniHyre 6enimai ekeHiH bingipmenai, cebebi cy yCTaFbllTbIK, NEH TYTKbIP/bIK
YHTaKTbIK XKye apKpbl/bl peTTeneai.

Ocbl TypfblAaH anfaHaa, apTypAai engepde KondaHblnaTelH OHB peuenTypanapbiH
CaNbICTbIPY «KAMCbIChl AypbIC» AEreH CypakKa »Kayan bepmenai, KepiciHle «KaHAal Karfaanaa
KaHOanW wWewim TMimAai» aereH UHXeHepnik onnayra ketenenai. bip faHa «aypbic SCC peuenTi»
YKOK eKeHi 1911 OCbl }Kepae arKbliHAaNaAbl: DapbIK WeLiMaep KeprinikTi maTepuanaap canacbiHa,
TONTbIPFbIWTAPAbIH, TPAHYNOMETPUANDBIK KNCbIFbIHA, KAMMATTbIK *Kafdannapfa *KoHe MOHOUTTI
Kyl NOTUCTMKacbIHa Tayenai. COHAbIKTAH HaKTbl Ky»KaTTaafaH peuenTypanapabl katap Koto OHbB
TEXHOIOTMACBIHbIH, 6erimaenriwl TaburaTbiH KOPCETY YLLIH MaHbI3bl.

Ocbl alTblNFaH TYXKbIPbIMAAPAbl HAKTbl AEPEKTEPMEH KOPCETY MaKcaTblHAa TemeHae
2PTYPAI BHipnepae KondaHblnFaH, 94ebnetTep MeH pecMn Ky»kaTtapda cunaTransad ©HB kocna
KypamaapblHbiH Mblcanaapsl bepingi. 1 kecteae 6aNaHbICTbIPFbILL MOALWEPIHIH, CY WbIFbIHbIHbIH,
MUHEepPanablK KOMMNOHEHTTEPAIH KoHe TONTbIPFbIWTAPAbIH apaKaTblHACbl apKblabl ©OHB-HbIH
2PTYPANI TEXHONOTUANBIK dunocodmnsanapbl ankbiH KepiHeai.

Kecte 1. QpTypni eHipnepaeri BHB Kocna KypambiHbiH, Mbicangapbl (1 m2 yiin)

KomnoHeHT (1 m3) *anoHua | Eyponanbik, | AKLL YHAicTaH
Opak,

Cy, Kr 175 190 180 163
MNopTAaHALEMEHT, KI 530 280 357 330
MuHepanaplK Kyn 70 OKTac TyRnipwiktenreH orapblkanbunini
KOMMOHEHT, Kr VHTafbl 245 wnak 119 KyAa 150
YCcakK TONTbIPFbILL, Kr 751 865 936 917
|pi TONTBLIPFbILW, KI 789 750 684 309 (10 mm) + 455

(20 mm)
PCE 9 Kr 4,2 kr 2500 mn 2400 mn
cynepnnactuduraTop
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1 Kectegeri BipiHWI Ke3re TyceTiH Hapce - 6alMNaHbICTLIPFLIWTLIH, «abCcoNoT Meswepi»
eMeC, YHTaKTbIK da3a apxuTekTypachl. *KanoHUada UEeMeHT WbifbiHbl eTe »ofapbl (530 Kr), byn
epTe OEepiKTiK MeH Tbifbl3 apmaTypasibl aliMaKkTapda TypaKkTbl Kalbliydbl KamTamacbl3 eTy
CTpaTernsacbiHa yKcanabl. Ananaa myHAam TaCin Xblny 6eniHyiH }KaHe XUblpbly TOYEKENIH ecipea;,
COHABIKTAH MOHO/IUT MaccuBTepZe Hemece OeTi YAKeH 31eMeHTTepAe KOCbIMLIA XKbly/bIK
Hbakblnay KaxeT 6onaabl. EO HyckacbiHaa uemeHT 280 Kr faHa, Oipak oKTac yHTafbl 245 Kr
KocblnFaH - byn «filler concept» apKpl/ibl MacTaHbiH, KenemiH cakTan, bipak KAuMHKep yAeciH
asanTyra barbiTTanfaH. MyHaa 6acTbl TEXHMKabIK Naliga - KOCMaHblH TYTKbIPAbIFbIH MKYMCaK
Hbackapy KoHe 6eT canacblH akcapTy, an cTpaTeranbik nanaa - KAUMHKEPAi KbICKapTy apKbibl
3MUCCUAHBI TOMEHAETY IOTMKACbIMEH Yiaecy.

AKL »kaHe YHAicTaH HycKanapbiHaa cynepnaactudmukaTop meepi Ma TypiHae bepinreHi
9JicTeMeniK CaKTbIKTbl Tanan etefi: kenem bBipAairi maccameH Tikenen canbiCTbipblAManabl, an
HaKTbl 9Cep KOCMaHblH, KypfaK 3aTbl MEH MOJEKYNA/bIK KYPblabiMblHA Tayeni. [pakTuKanbIK
TypfblaaH Oy - TeXHMKabIK LWapTTa KOCMaHbl «cayda aTaybiMeH» emec, benceHai 3aTTbiH,
CMMATTaMacbIMEH »KOHE MaKCaTTbl PEONIOTUANbIK TepesemeH bekiTy Kepek aereH benri. [Jan ocbl
Xepae cTaHgapTTanfaH cbiHakTap (slump-flow, T500, L-box) wewywi: peuenTtypadaH OypbiH
KOCMaHblH, OpblHAaANaTblH MiHe3i MmaHbi3apl  [3], [4]. CoHbIMeH KaTap, MWHepanaplk,
KOMMNOHEHTTEPAiH, TUNi 9PTYPAI: KyA, WAAK, dKTAaC yHTafbl. byn yWTiK 6ip faHa MaKcaTKa emec,
bipHelle MexaHM3mre »Kayan bepeai: Ky Kelge «WapuKTIK acepMeH» afbiMAbIAbIKTbl ecipce,
WAaK KeniHri mepsimae TbIFbI3AbIK, NeH OepiKTIKTI KywenTeni, an aKTac yHTafbl KanTanay MeH
TYTKbIPALIKTBI peTTenai. MyHaaln KenmexaHusmai 6ackapy MOHOAWUTTI KYHOAblH, CeHiMAiNiriH
apTTbipazbl, 6ipak maTepunan canacbliHbiH TYPaKTbIbIFbl TaNANTapbIH Aa KylenTea;.
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CypeT 1. MOHONUTTI KytoFa apHaafaH e3/iriHeH Tbifbl3AanaTbiH 6eTOHHbIH, (OHB) KypambiH
wobanay anroputmi

1 cyper OHB TeXHONOMMACLIHbIH, LWbIH MAHIHAET «UHXEeHepik TabufaTbiH» KepceTei:
Kocna Tek maTepuan emec, npouecc. OKamypa mekTebi yCbiHFaH caTblabl Kobanay (anapimeH
nacta MeH epiTiHAj, coAaH KeliH 6eToH) 421 OCbiHAaN UTepauUMabiK NOrMKaHbl Konganabl [2].
Katenik kebiHe KocnaHbl bipaeH 6eToH peTiHAe «kKabblk peuenTneH» OekiTyaeH LWbiFaapl.
MOHOAUTTI KyloAa »Kafdar AMHAMMKAbIK: TOATbIPFbILW bIAFANAbINbIFbl ©3repedi, TemnepaTypa
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aybITKMAbl, Hacoc pexknmi e3rewe 6onaabl. COHABIKTAH WeLWiM afalbl - «K0HaNbIK peLenT» emec,
HaKblnay KOHTYpbI.

CblHaK, nakeTi myHAa dopmanbibl PaCiM emMec, HaKTbl ToyeKkenaepdi yCTanTbiH Kypain.
Slump-flow meH T500 KocnaHbIH, €PKiH KalblayblH }KaHE TYTKbIP/bIK MHAMKATOPbIH bepeai, byn EN
12350-8 ctaHAapTbiHAa HakTbl pernameHTTenreH [4]. EFNARC ycbiHbIMAApbl OCbl ealeMAepa;
passing »keHe segregation TanantapbimeH 6alnaHbicTbipbin, L-box, V-funnel cuakTsl TectTepain,
Kan Ke3ae KarkeT bonaTbliHbIH TyCiHAipeai. AfHu Bip faHa caHMeH LwelliMm Kabblnaay aypbic emec:
slump-flow »kofapbl 6onbin, Hipak L-box Hawap 6onca, apmaTypa apacbiHaa 6/0KTany Tayekeni
Hap; KepiCiHLWE, TbIM TYTKbIP Kyhe KanbIiNTbl TO/bIK TOATbIPMAMN Kaiybl MYMKiH. ABTOP/IbIK, YCbIHbIC
peTiHAe ocbl cbizbara «robustness check» yfbiMbIH MIHAETTI Typae KOcCy Kepek: bip nmapTusfa
apafaH Kocna Keneci naptvaga miHAeTTi Typae conan 6onafpl AereH Kenin kok. ©HB-aa
CEHIMAINIK - KaCMEeTTIH, opTalla MaHi emec, e3repicke Tesimainiri. byn - eHApICTIK mageHNeTKe
KOWMbINATbIH Tanan, api canaHbl 6ackapydblH, HaKTbl OO BbEKTICI.

EFNARC skaHe dpaHuUmanbIK yebiHbimaap slump-flow knactapbit SF1-SF3 nen 6epeai kaHe
AManasoHaapAbl HaKTbl KepceTeai.

Kecte 2. ©HB-HbIH slump-flow knacTtapbiH KongaHbansl cunaTtay (SF1-SF3)

Knacc | Slump-flow, | KongaHb6anbl mafbiHaChI
MM
SF1 550-650 Kapananbim reomeTpus, apmMmaTypa CUPEKTEY, KYIO KalLbIKTbIfbl LIafblH
SF2 660-750 Mannbl makcaTTarbl MOHOMINT 3/IEMEHTTEP YLLUIH eH *KW1i KoAaHblAaTbIH
Anana3oH
SF3 760-850 ©Te Tbifbl3 apmaTypa, Kypaeni Kanbin, kofapbl filling Tanabsl
(TypaKTbINbIK KaTaH baKblnaHaabl)

Slump-flow KnacTapblH «KOCna KaHLWablK CYMbIK» AereH TYPMbICTbIK TYCiHIKNeH Kabblnaay
- OHB TexHonormAcbIH TyciHyaeri eH, Xuni Kate. LblH MaHiHAe SF Knackl - KYMbIC »KafaalbiHa
benimaenreH dyHkuMoHanabik 6enri. SF1 aMana3oHbl KebiHe TYpaKTbIAbIK TYPFbICbIHAH Kayincis,
bipak Kypaeni apmatypanbl anmakTa filling »keTkinikcia 601ybl MyMKiH. SF3 KepiciHwe: reomeTpus
KYpAesi }aHe apmaTypa eTe Tbifbl3 60/1ca, KOoFapbl Kalbly KaxeT. bipaK »anbliy ecKeH calbiH
segregation TayeKkeni eceai, coHAbIKTaH SF3 apaalibiM «TYTKbIP/bIKTbI YCTANTbIH» YHTAKTbIK da3a
MeH KocnanapZblH, AypbIC *KybOblHa CyMeHyi Kepek.

byn wepae EFNARC-TbIH €H MaHbi34bl METOA0N0TUANbIK apTbIKLWbIAbIFLI KepiHeai: slump-
flow MiHAeTTi NnapameTp 60/FaHbIMEH, OJ1 }KaFbi3 NapaMeTp emec. BHAIpICTIK MageHmneTTe slump-
flow enweHin, «bonabi» Aen TOKTay KeH, TapaafaH. bipak passing ability ywiH L-box Hemece J-ring
Kepek, an viscosity ywid T500 Hemece V-funnel yakbiTtapbl manbi3abl [3]. CoHAbIKTaH SF2-Hi
TaHJafaH KYHHIH e3iHae, erep apmaTypa Topbl Tbifbi3 60/1Ca, KOCbIMLLIA TEKCEPIC NakeTi MiHAETTi.

MOHOAUTTI Kytodafbl Tafbl Oip HS3iK acnekT - TacbiMangay YyaKkbiTobl. TinTi €H KaKcbl
nosanaHfaH PCE yakbIT eTe aacopbumanbiK Tene-TeHAiKKe TyCin, aWblay TOMeHAeYyi MYMKIH.
MyHbl Keiae «slump loss» aen atamabl. MyHA@M KybObINbICTbIH KaTEPAIAIT - KYto OPHbIHA KenreHae
Kocna SF2 emec, SF1 geHrenine Tycin kanybl MymKiH. Con cebenTi TexHMKanbiK WapTTa slump-flow
TeK «3ayblTTa» emec, obbekTige Kabbinaay KesiHge ae 6akbliayFa anbiHybl TUIC, api TE3iMAiNiK
(tolerance) anabiH ana 6ekiTinyi kaxkeT [4]. Ocbl norMka OHB TeXHONOrMACLIH HaKTbl MHAYCTPUANbIK
noHre amHanablpaabl: 6eTOHHbIH, MiHEe3i enleHeal, an enwem backapyFfa aiHanazbl.
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TypaKTbi/bIK V-funnel -
- (segregation BU3yasgbl
resistance) 6aKblnay

AFbIMABINBIK, | - Slump-flow -
(filling) T500

OTimainik
(passing) L-box - J-ring

Cypet 2. ©HB peonoruacbiH backapy YLWTiri: aFbIMAbIAbIK - OTIMAINIK - TYPAKTbIbIK,

OHB-HbI «KOFapbl XKalblnaTblH BETOH» AEn KbICKAPTY - fblAbIMW AdN4iKKe Kanlubl. OHB -
ylw KacueTTiH, 6ip meseTTe opbiHAanybl. byn ywTik 6ip-bipiHe Kapcbl »KYMbIC iCTel anafbi:
afbIMAbINbIKTbI ThiM ©CIPCEHI3, TYPAKTbINbIK TOMEHAEYI MYMKIH; TYTKbIPAbIKTbl ThiM KOTEPCEH3,
oeTimainik neH filling Hawapnangsl. CoHAbIKTaH PeonoruaHbl  Backapy - KenmakcaTTbl
OHTannaHabIpy.

PCE Kocnanapbl afbiMAblAbIKKA TikKenen acep eTedi: onap uUeMeHT bOesleKkTepiH
aucneprupnen, cy yaecid tnimai etepi [7]. bipak etimainik Tek xummna emec. On ipi TONTbIPFbILTHIH,
Dmax, TYRipAiK KUCbIfbl aHe Kym yneciHe Tayenai. EN 12350-8 ctaHgapTtel Dmax 40 mm-aeH
acnayblH aTan KepceTyi TeriH emec - ipi dpaKkuMa YAKEeNreH calblH apmaTypa apacbiHaa
«KenipneHy» MyMKiHAir eceai [4]. TypakTblblK ©0ACa YHTAKTLIK da3afa CyMeHei: aKTac yHTafbl
Hemece Kya CeKinai KOMNOHEeHTTep MacTa KesieMiH KaHe cy ycTaydbl e3repTin, KabaTtTanyra
TO3IMAINIKTI peTTenai [3].

MpaKTUKaNbIK YCbIHbIC: OCbI YLITIKTI TEXHMKANbIK LWAPTTa 66neK TapMaKTap peTiHae bekiTin,
dpKancbicbiHa Kabbinaay KputepuinepiH bepy kepek. Tek slump-flow KputepuinimeH wekTteny -
MOHOIUTTI KypbINbIMAa *acblpblH aKay/blH peLenTi. Ocipece TepeH KanbiNnTapaa Hemece HMiK
KyloZla KanbiM  KbICbIMbl Maceneci TyblHAaWabl: ©OHB BMOpaumackbi3  KylbinFaHaa [Aa
TMAPOCTATMKANbIK KbICbIMFA KaKblH TOPTIMN KOPCETYi MYMKIH, COHABIKTAH Ky blAAamablfbl MeH
KaTato AMHaAMMKAcbl pernameHTTenyi Tmic. byn acnekt ACI 237R Ky*KaTTapblHAa Aa ©HAiPICTIK
Toyeken peTiHAe KapacTbipbliaabl [5].
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KecTte 3. KoMMo3nTTiK 6alnaHbICTbIPFbIW KOMMOHEHTTEPI }aHe OHB KacueTTepiHe biknabl

KomnoHeHT Heri3ri acep mexaHuami | TexHonormanbik namnaa | Herisri Toyeken
Ywna kyn (fly ash) BenLek Kantanybl, | *anbinyapl KakcapTy, | EpTe BepikTiK
Kenae «LIAPUKTIK | HYMbIC KabinetiH | basaynaybl
acep» y3apTy
JomHa wnarsl | Kenixri rmapatauma, | ©Timainik  neH  y3ak | CybikTa basy Katy
(GGBFS) Tbifbl3aay Mep3imai bepikTik

OKTacC YHTafbl

Filler effect, TYTKbIp/bIK,
peTTey

bet
TYPaKTbIAbIK,

Canachl,

YHTaK  TbIM  yCak
6onca cy cypaHbiCbl
apTabl

MuKpokpemHezem | MUKPOKYPbIAbIM OTKI3OeNTIHAK, Kocna «»KabbICKaK»
TbIFbI3Aay DepiKTiK 60/1ybl MYMKIH

MeTaKkaonumH PeakTnBTI NyLLONaH EpTe OepiKTiK, | TYTKbIPAbIK ecin,
KYPbI/bIM 6noKTany Kayni

KomMnosntTik 6ainaHbICTbIPFbIWTLI TaHAayAa eH, KayinTi uano3ma - «Kya KoccaH 6onapl,
Hopi ap3aH 2pi KaKCbl» Hemece «Wnak OapiH welweai» gereH KapananibiMablabiK. LbIHABIK
KypAenipek: ap KOMMNoHeHT ©HB-HbIH, peosiornanbik TeHaeyiHe apTypAai KoadPUUMeHT peTiHae
Kipeai. YWna Kya *Kui arbIMAbINbIKTbI }aKcapTyFa KemeKkTecei, bipak epTe 6epikTik Tanan eTineTiH
MOHOMMTTI  UMKngepae Oyn  macene 6Honybl  MyMKiH.  KepiciHwe, MWUKPOKpemMHe3em
MUKPOKEYEKTINIKTI a3aiTbin, OepikTik neH OepiKkTik TypaKTbiAblFblH KeTepyi bikTMMman, bipak
KOCMaHbl TYTKbIP Kbl/blM, apMaTypa apacblHA4a 6TIMAINIKTI HaWwapaaTybl MyMKIH.

CaHabik aanen petiHae Uysal »aHe Sumer »KymbiCbl Ha3ap aygapapnbik: onap ©Hb-aa
yluina ryaai 25% aedreniHae KonaaHfaHaa, y3ak mepsimai Kbicbimra 6epikTik 400 Taynikte 105
MMa-paH xofapbl 6onraHbiH KepceTei [8]. byn Hip FaHa KepceTKill eMec - KOMMNO3UTTIK XKYMEHIH,
AypbIC TaHAaCca, Y3aK Mep3iMae alKblH apTbIKLWbIIbIK OepeTiHiH 6ingipeai. Anaga Oyn HOTUXKeHI
©3 KOHTEKCTiHeH Genin anbin «bapablK »Kepae conai 6onaabl» Aey FblAbIMU afanAblKKa *KaT:
KYAAiH PEaKTUBTINIM, LeMEHTTIH, KYPaMbl, CYbIK KAMMAT KaHE KYTIM PeXMMi HOTUXKeHI Tyberenni
e3repTe anaapl.

©HB-aa aKTac yHTafbiHbIH, OpHbI epeKkwe. On peakTUBTI BoaMaybl MyMKiH, bipak KanTany
MEH NacTa KenemiH peTTey apKblabl KOcCnaHbl TypakTaHAablpaabl. EO TaxipmbeciHaeri akTac
VHTafblHbIH, }Ofapbl YAeci ocblHbl KepceTeai [3]. JereHmeH YHTaKTbIH HaKTbl AMCNepcTiniri meH
MWHEPANOrMACLI CYy CypaHbICbIH BCIpiN, «KypfaKTbIK» ce3iMmiH Bepyi MymMKiH. COHAbIKTaH aKTac
YHTafblH KonaaHfaHaa PCE no3anay cTpaTervacbl KanTa Kapanagbl: bipaen slump-flow yuin
apTypAi PCE KaxkeT 6onybl biIKTMMan, an byn aacopbumsanbik mexaHukara b6apbin Tipeneai [7].

MpaKTUKaNbIK *aHa Uaesa peTiHAe MbiHaHbl YCbiHyFa 601aabl: MOHONUTTI 06bEKTINep YLLiH
KOMMO3UTTIK DalMnaHbICTbIPFbILWTAPAbI «KVIO CLLeHapuWiti DoMbiHWA KiTanwa» TypiHae bekiTy. ArHu
bip faHa peuLenT emec, apmaTypa Tbifbl3AblfbiHA, KytO OMWIKTiriHE, HAacOC MaplUpyTbiHa Kapam
bipHelle bekiTinreH Tepese. by eHAipicTe KaTenikTi a3alTabl XaHe canaHbl backapydbl HaKTbl
NHXXeHepiK TapTinKe alMHanablpaapb!.

Okamypa kaHe Oy4M yCbIHFAH caTbl/ibl TACIAAIH, KyHAbIbIFbI - OHB-Hbl «Ke3aencok
COMKECTIKNeH» eMec, ©/IleHeTIiH caTblnapMeH »uHaybiHAa [2]. bipiHwiaeH, nacTtaga-ak
npobnemaHblH, Ty6i KepiHeai: KaH afy (bleeding) Hemece KalblnyabiH TbiM TOMeH 60/ybl KeniH
beToHOa faHa emec, epTe Ke3leHae ycTanadpbl. EKiHwWigeH, epiTiHAl AeHreni KYMHbIH MOy MeH
YHTaK ¢asaHblH, ©3apa acepiH awsbin bepeai. YwiHwineH, 6eToH aeHreniHae ipi TONTbIPFbIWTbIH,
Dmax »KaHe KeneMaik yneci eTimainikke wWewyLi biIknan eteai.

Byn TacinaiH, MOHOAUTTI KypblbiIMAafbl MaHbI3bl 30p: BMOPALMACHI3 KyloAa «»KacblpbiH
KyblC» Kayni apTaabl. Con cebenTi L-box Tapi3ai eTimainik nuamkatopsl miHaeTTi. EFNARC-Ta gan
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ocbifaH bacbimaplk bepinren [3]. Kocna slump-flow 6olbiHLWa KepemeT KepiHyi MyMmKiH, bipak L-
box TemeH 6osca, apmaTypa apacbiHAarbl Ko »Kabblk. MyHAan akay KeliH KbimbaT »KeHaeyre
aKeneai.

TexHONOrMANbIK aHaNbIK peTiHae By caTblibl NOTMKaHbI «robustness check» yfbimbiMmeH
TONbIKTBIPY OPbIHAbLI: 6ip faHa maTepuan NapTUACbIHA eMeC, TONTbIPFbIW bIAFaAAbIIbIFbI MEH
TemnepaTtypa AMana3oHblHa TE3IMAINIKTI andblH ana kepy. by - eHAIPICTIK CTaTUCTMKA MIAEHMETI:
KOCMaHbIH OpTalla canackl eMec, AMcnepcuachl backapblaybl KepeKk. MyHaa nNpakTUKaabiK Kypan -
obbeKkTiae Kabbinaay KesiHae EN 12350-8 6oibiHLIA KailTa e/illey XaHe pyKcaT eTiNeTiH aybITKy
TepeseciH bekity [4].

Kecte 4. MOHOAUTTI Kytofa apHanfaH YCbIHbINATbIH CbIHAKTAP *KoHe Ofap LWeleTiH
NHXXEeHEepiK cypak,

CbIHaK Heri3ri HeHi weweai MOHOAUTTI TayeKen
KepceTKiLl
Slump- D, MM filling kabineTi TONbIK TONMay
flow
T500 YaKbIT, C CaNbICTbIPMaibl BnokTany Hemece «TbiM CYMbIK»
TYTKbIP/IbIK, Ky#
L-box h2/h1 passing kabineri ApmaTypagaa TypbIn Kany
V-funnel YaKbIT, C TYTKbIP/bIK, TYPAKTbIAbIK, | KabaTtTany, Kypblibim Oy3blaybl

©HbB ctaHpapTTapbl 6ip KaparaHaa KapanalblM KepiHreHiMeH, onapapblH, apTbiHAA HaKTbI
OHAIPICTIK noruKa »aTtblp. Slump-flow filling kabineTiH KepceTeni, bipak on apmaTypa apacbiHAAFbI
KO3fanblcTbl Keninaemengi. Con cebenti L-box eHrisineni: on KocnaHblH, ©3 ca/MafbiMeH
KedeprigeH ety KabineTiH enwenai. by Tect MOHONUTTI KYPbIIbIM YILiIH KKPUTUKaNbIK»: BMOpaLmaA
YOK, Aemek 6eToH e3giriHeH »on Tabybl Tnic. EFNARC 6yn Tecttepai 6ip Kyine peTiHAae
KapacTbipabl: 9p TECT »eke emec, vyl KacueTTiH, (filling, passing, stability) 6ip 6eniriH «KamTbin»
Typaabl [3].

T500 xoaHe V-funnel vyakbiT KepCeTKIWTePiHiH, WHXeHepaik MaHi KebiHe aypbic
TyCiHAipinmenai. YakbIT y3akK 60/ca, Kocrna TYTKbIp api TypakTbl 60ybl MyMKiH, Bipak apmaTtypa
apacbiHa eTy KMblHAaNAbl. YaKbIT TbiIM KbiCKa 60nca, Kocna «cyMblk» 60onbin KepiHeai, Bipak
kKabaTTanyfa 6eiim 6onybl bIKTMMan. MyHAa eH AypbiC TSCIA - HAKTbl 3/IEMEHT YLIiH MaKcaTTbl
AMana3oH bepy, api 00beKTi KafganbiHaa KakTa enwey. EN 12350-8 slump-flow enwey TopTibiH
KoHe ecen 6epy KafuaanapblH HaKTblNalabl, Oyn TecT HaTWKenepiH eHAipicTik 6GaKblnayfa
anHanablipyra Kemektecemi [4].

OHAipICTIK 3KOHOMMKA TYPFbiCbiHAH BHB-HbIH, bikNanbl Aa AanenaenreH. ICE Construction
Materials »kypHanbiHAafbl 3epTTeyae OHB-Hbl Kyto XblAJamablFbl ASCTYPAI BeTOHFa KapafaHaa
73% f[eniH skoFapbl 6bonFaH Kafdannap TipkeareH [9)]. byn HaTuxe «OHB KbimbaT» AereH TesuncTi
KalTa oinayfa Maxkbyp eTeni: maTepuanapik 6ara eckeHiMeH, eHHEK KaHe yaKbIT YHEMI ecenke
afNblHFaH/Aa Kanmnbl THIMAINIK ©3repyi MyMKiH. bipak by skepae Ae bip wapT 6ap: TecTTep apKbiabl
TYPaKTbl cana KamTamachbl3 eTi/IMECe, KblAAaMAbIK apTbIKLLbIAbIFbI }KOFaNaabl.
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MoHONTTI
KYt0 Ke3iHje
©OHB-aa
TYbIHAAMTbIH
€H XMi 5
Kayin xaHe
6aKpliay
Kypanzapbl

ApmaTtypaja Xabin asbIn Epte
I o l pmartypaz, y K P
610KTaNny XoFanty KbICbIMbl apblKLIAK,

Ka6bingay

V-funnel - KesiHae Kyto . .
L-box Hemece < KyTiM pexummi -
BM3yanabl . KauTa esiiey Xbl1AaMAbIFbIH
J-ring - Dmax = TOMEH Xbly bl
6aKpliay - - KauTa LIeKTeY - 5
. LeKTey 6al/1aHbICTbIPFbILL
YHTaK yneci Jo3anay pernameHT

pernameHTi

Cypet 4. Toyekengepai 6ackapy: MOHOAUTTI KYO4a eH *ni 5 Kayin »kaHe Bakblnay Kypanaapsl
byn kapTa ©HB-HbI Kayincis api TypaKTbl KOAAAHYAbIH, 63€eriH KepceTedi: TEXHONOTMAHbIH,
«3/1Ci3 Xepnepi» anapiH ana benrini xaHe enweHeai. Kabatrany - eH xkacbipblH Kayin. On Tek betre
eMecC, KMMaHbIH, illiHae «bepiKTiKk apanaapbi» MeH 9/1Ci3 30Hanap TyAblpybl MyMKiH. CoHAbIKTaH V-
funnel »aHe BM3yanapl bakblnay eHaipicte dopmanbibl emec, MiHAeTTI pacim 6onybl THic [3].
BnokTany - apmatypaza Typbin Kany - L-box Hemece J-ring apKpl/ibl yCTanadbl; MyHAa TYMipAiK
Kypam meH Dmax wekTtey wewywi [4], [5].

anbiny KofanTybl - TacbiIMangay YakblTbl MeH TemnepaTypafa Toyendi - HakTbl
pernameHTTi Tanan eTefi: OObeKTire KeareHae KalTa eslley, KaxkeT 6osica KanTa pgosanay
CTPaTErnAChl KaHe OHbIH, WekTepi. MyHaa «ke3beH bafanay» eTe KayinTi, cebebi ©OHB cbipTTa
YaKCbl KepiHin, iWiHae bipkenki 6oman Kanybl MyMKIH.

Kanbin KbiCbIMbl MaCENECH A& MaHbI3/bl: BUBpauma bonmaraHbimeH, OHB-HbIH afybl y3aKKa
CO3bl/Ca, KbICbIM TMAPOCTATUKA/bIKKA *KaKblHAAybl biIkTMMan. ACI maTepuangapbiHaa ©HB-HbIH
Ka/bIn KbiCbIMbIH Backapy Taxkipubeci benek eHAIPIiCTIK Takblpbin peTiHae Kapanaabl [5]. EpTte
apblKWaK TayeKeNi KOMMNO3WUTTIK OaMNaHbICTbIPFbIW  TaHAAYMEH »KIHE KYTIM  pexunmimeH
HalNaHbICTbI: KbIAYNbIK OONY KOHE XMbIPblAy rpagneHTTepi Hackapblamaca, MOHOAUT canachl
TemeHaena,.

265



Proceedings of the 12th International Scientific Conference

Kecte 5. MonnkapboKecmnat cynepnnactudrKaTopbiHa KaTbICTbl OHAIPICTIK 6aKbliayablH,
KbICKa pernameHTi

BaKpliay HYKTECI Here Kepek Kate 6onca He 6onaabl

PCE Typi *aHe KaTTbl 3aTbl Auncneprupneyain Malblny  TypaKkcbis, napTusaaaH
TYPaKTbI/bIfbI napTuAFa aybITKY

Kocnanay peTrTiniri Ancopbuma KUHEeTUKaCHI Slump loss, kel acep

TemnepaTypa aHe | PeonornaHblH,  yakpiTwa | Kytoaa TOKTan Kany, Kanta cy Kocy

TaCbIMan yakbITbl e3repyi Kayni

KarTta nosanay weri TexXHONOormMANbIK, Kabatrany Hemece apTbiK aya
Kayincisaik EHrisy

©HB-garbl PCE Typasbl aHriMeHi «403acblH KebelTceH 6onabl» AeHreniHae Kanabipy -
TEXHONOTMAHbLI Oy3y. Plank skaHe apinTecTepiHiH, LemeHT xyhenepiHgeri PCE apeKkeTiHe KaTbICTbl
Tangaynapbl 6ip HopceHi aHbIK KepceTeai: acep aacopbumaFa, MONEKYNANbIK KYPbIbIMFA XKaHe
KaTTbl dasanapabiH, 6eT KacueTtTepiHe Tayenai [7]. emek, PCE TaHOay - peuentypaHbiH eH,
«MaTepuanTaHynbiky beniri. bip LemeHTTe XKaKCbl *KYMbIC icTereH Kocna 6acka LemeHTTe Hemece
Hbacka KyameH bipre kyTnereH HaTuxke Hepyi mymkiH. PCE »kylienepiHiH, acepi aacopbumsa »kaHe
CTEPUMKaNbIK TYPaKTaHAbIPY MexaHM3maepiMmeH TyciHAipineai, 6ipak UeMeHT Kypambl MeH
MUHEepanablk Kocnanapsa cesimtan [7].

©HaipicTik 6akplnayaa eH bacTbiCbl - cunatTramanapabl HakTbinay: PCE-HbI cayaa aTaybiIMeH
emec, Heri3ri napameTpaepimeH (KaTTbl 3aTbl, TWMi, VCbIHbIAFAH A03anay AManasoHbl)
perfameHTTey, an 6acTbiCbl - MaKCaTTbl PEONOTMANbIK KepceTKiluTepmeH bannaHbicTbipy. Slump-
flow »kaHe T500 yakbITblH 0ObEKTIAE eAlley OCbiHbIH KinTi [4]. TacbiMan yakbITbiH Aa enemeyre
bonmanapl: Kenbip Kynenepae wambiny 60-90 MUHYT iWiHAE TOMEHAEYI MYMKIH, By MOHOAUTTI
KyloJa eTe KayinTi, cebebi onepatopnap «Cy KOCbIN ibepy» apKblabl MaceneHi wewyre
Tbipbicadbl, an 6yn OHB-HbIH 6apblK NOTMKACLIH }KOKKA LblFapapb.

MpaKTUKanblK YcbiHbiC peTiHae: PCE ywiH «KkalTa [Ao3anay NPOTOKOAbIH» anibiH ana
»obanay. byn npoTokonaa KanTa Ao3anay Tek TeCT HITUMKECiHe CYMeHIn »acanaTbiHbl, OHbIH,
MaKCMMan LWeri »KaHe segregation TayeKkeniH KalTa Tekcepy MiHAETI KepceTinyi Tmic. MyHaam
pernameHT MOHOUTTI Kypbl/ibIMAafbl CanaHbl agam GakTopbliHaH Tayenci3 etea,.

Byn MaKanazia fblNbIMM }KaHANbIK PeTiHAe eki KonaaHbanbl ycbiHbIC bepineai.

BipiHWICi - «MOHOAWUTTI CUEHapuire HerisgenreH KOMMNO3UTTIK  6alifaHbICTbIPFbILL
KapTacbl». 94eTTe 6ip kKacimopbiHaa 1-2 SCC peuenTi bekiTineni. bipak MOHOAUTTI Kyt
Kafaamnapbl apTypAi: apmaTypa Tbifbi3Zblfbl, HACOC TPAEKTOPWACHI, Kyt OMIKTIr, KanMmar.
CoHAbIKTaH BannaHbICTbIPFbILL KyMeHi Bip emec, bipHelle TepesemeH BeKiTKeH ZypbIC: MblCabl
SF2 AmanasoHbiHAa €Ki TYpAi «TYPaKTbiablk, nNpoduai» 60aybl MyMmKiH. Byn aaic Taxipnbene
KaTeNiKTi a3aiTaabl *KaHe TYPaKTbINbIKTbI ecipeai.

EkiHwici - «robustness check» mageHueTiH MiHgeTTey. Kocna canacbiHbliH, HETi3ri
KepceTkiwi - Oip esweyaeri »akcbl M3H emec, napamMeTpaiH, e3repictepre Tesimainiri. byn
BHAIpiCTe CTAaTUCTMKANbIK OMNayabl Tanan eTefi: TONTbIPFbILW bINFaNAbINbIFbl ©3repreHaeri slump-
flow Tapanybl, TemnepaTypa acepi, TacbiIMan YyaKbITbiHbIH biknanbl. HopmaTMBTIK TecTTep Oyn
Bakblnaydbl *acayFra *KeTKinikTi Heri3 6bepeai [3], [4]. Ocbl Xepae OHB TeXHONOrMAChI K UHKEeHepiK
HacKapblNaTbIH XyMere» aHanabl.
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KopbITbiHAb!

MoHOANTTI Kypblabimaapaa OHB kongaHyabiH TabbicTel 60ybl i GaKTOPAbIH, TOFbICYbIHA
Toyendi:

(1) yHTaKTblK da3a MeH KOMMO3UTTIK 6alNaHbICTbIPFbIW  aPKblbl  TYPAKTbIIbIKTbI
KaMTamMacbl3 eTy

(2) PCE cynepnnactMdmMKaTOPbIHbIH MaTepuafa Ce3iMmTan MexaHM3MiH eckepin, pernameHT
Kypy

(3) EFNARC skaHe EN 12350-8 cekinai cTaHaapTTaAfaH cbiHakTap apKbiabi filling - passing -
stability ywTirin 6ip yakpiTTa Hakblnay.

BipiHWi daKTopablH, MHMKEHEPIK MafblHACbl MbIHAAa: KOMMO3UTTIK OalNaHbICTbIPFbILL
©HB-pa Kal faHa «UEMEHTTI a/IMacTbipy» €MeC, KOCMaHblH KypblabiIMAbIK TYPAKTbIAbIFbIH
YCTaWTbIH YHTAKTbIK apXUTEKTYpa. MOHOAUTTI Kyloaa «©3AiriHeH Hblfbl34any» TeK afbIMAbl/IbIKKA
emec, beniHyre Tesimainikke cyineHeani. CoHAbIKTAH MMHEPANAbIK KOMMOHEHTTEpAi TaHday -
HepiKTiK YLWiH faHa eMec, KYHo canacbliHbIH, TYPAKTbIIbIFbI YILIH A WeLlyLi.

EKiHWwi dakTopablH e3eri - PCE-HiH maTepuansa cesimTanablFblH OHAIPICTIK pernameHTKe
anHanabipy. ©OHB ToxipubeciHoe «bip Kocnma Oap/blK Kepae Kypeai» AereH Oo/iKam XKui
aKTanmamapl. PernameHT AereHimi3 - A03aHbl MeXaHMKasblK »KasbilM KOt emec; on Kabbinaay
Ke3siHaeri enwemre cymeHreH backapy epexeci. [lan ocbl }Kepae caTbiNbl }obanay N10rmKachl KaHe
CTaHAAPTTa/faH 6/WEeMHIH MaHI alwblNaapl.

YwiHwi ¢aktop - canaHbl bakbinayabiH, Kenenwemginiri. EFNARC yCbiHbIMAAPbIHbIH,
NpPaKTUKanblK KyHAbbIFbl - SCC canacbiH 6ip faHa TectneH 6ekitTnen, filling - passing - stability
KACMeTTEepPiHiH, *MbIHTbIfbl pPeTiHae KapacTbipybiHaa. EN 12350-8 ocbl KyWeHiH Herisri enwemin
CTaHAAPTTalabl, AeMeK TexHoNorMa cybbekTMB OafaZilaH LbIFbIM, CaNbICTbIPManbl MHXKEHEpPAiK
TOpTINKe Kipeai. bya acipece MOHOMUTTI KypblabiMAapaa MaHbli3abl, cebebi akay nanga bonraHHaH
KeMiH OHbl «}KeHAey» apAarblM KbIMbBAT XKaHe Kenae TONbIK MYMKiH emec.

Taxipnbenik kaHe KapuanaHfaH gepexktep OHB aypbic eHrisinreHae eHiMmainik ecimid ge
KepceTe anafbl, Ken CLEHAPUIAE KYIO XKblndamablFbl 73% AeliH yaraifaH Karaannap kentipinea,.
Bipak Oy KepceTkil ambeban Keningik emec, HaKTbl KafaanabiH, HaTuxkeci. Con cebenTi Aypbic
KopbITbiHAbl - «OHB 6OapiH Te3sneteani» emec, «OHB enwemmeH XaHe pernameHTneH
HbackapblifaHOa faHa eHAIpICTIK TMIMAINIKTI KalTa Kypaabl». Ocbl Typfbliga OHB - Tek «KbimbaT
H6eToH» emec, eHOEK - yaKbIT - cana ylWTafaHblH KaTa TEHECTIpeTiH TEXHON0rms.

COHFbl TYXKbIPbIM pETiHAE MblHaHbl alTaMbl3: KOMMO3UTTIK 6alnaHbICTbIpFbineH ©HB
KONJaHydafbl eH nepcnektMBanbl BafbiT - peuenTTi kebelTy emec, cueHapuiai bHackapy.
«ClueHapuinik KapTa» *KaHe MiHaeTTi «robustness check» MOHOAUTTI KypPbIAbICKA ToH BeNrici3aiKTi
O/LIEHETIH, Ky)KaTTanaTblH oHe 6acKkapblnaTblH alMaKkKka Kellipeadi. An gsn ocbl Kewy -
TEXHONOTUAHbIH, LUbIHANbBI MHXEHEPIK KEeTiNyi.
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Philological Sciences

TUTTNYHHBIE OLLNBRA
ARAOEMWYECROTO NMNMCBbMA'Y
CTYAEHTOB-TMEPEBOAHYMKOB

CannmxaHosa [MtocTaxaHym Pacum Kbi3bl
Crapwwui npenoaaBaTenb, AzepbanaaHCKMii focyaapCcTBEHHbIN YHMBEPCUTET A3bIKOB

AHHOTauuA

AKaZemunyeckoe MUCbMO ABNAETCA K/AKOYEBBIM 3/1€MEHTOM MNPOPeCcCMOHANbHOM MNOATOTOBKM
nepeBOAYMKOB, MOCKO/MbKY OyAyline cneumanncTbl  AOMKHbI  He TONbKO  OCYLLECTBAATb
MEXbA3bIKOBYIO Mepefayy CMbICAa, HO W CO34aBaTb  JIOTMYECKM  CTPYKTYPUPOBAHHbLIE,
TEPMUHONOTMYECKM TOUHbIE U CTUANCTUYECKM KOPPEKTHbIE TEKCTbI Ha A3blke nepesoaa. OaHaKo
CTYAEHTbI-NEPEBOAYMKN HEPEAKO AEMOHCTPUPYIOT YCTOMYMBbIE TPYAHOCTM B aKaAeMUYECKOM
MMCbMe, YTO HeraTMBHO OTPAXKAeTCA Ha KayecTBe NepeBOAOB, HAy4YHbIX PABOT M aHANUTUYECKMX
KOMMeHTapueB. B cTaTbe NPOBOAMTCA CUCTEMHbIV aHaNM3 Hanbonee PacnpPoOCTPaHEHHbIX OWNOOK
aKaJeMMYyeckoro  nucbma Yy CTYAEHTOB-NEPEeBOAYMKOB,  KNACCUMOUUMPOBAHHbBIX MO
JNIHIBUCTUYECKUM,  CTPYKTYPHbIM, CTUIIUCTUYECKMM, KOTHUTUBHBIM WM METOA0N0rMYECKUM
OCHOBaHMAM. Ocoboe BHUMaHME yaenaeTca NpMinHaM BOSHUKHOBEHMA YKa3aHHbIX TPYAHOCTEN U
MX CBA3M C 0CcOBEeHHOCTAMM 0bpa3oBaTeNbHOro npouecca. Ha ocHOBe TEOPMM aKaAeMUYECKOro
NMCbMa M NeAarormkn nepesoda NpeasaratoTca peKoMeHAaUMn No PasBUTUIO aKaJeMMYeCcKoM
rPAaMOTHOCTM B pPaMKax Mporpamm noaroToBKM MNepeBOAYMKOB. Pe3ynbTaTbl MCCAeaoBaHMA
NOATBEPKAAIOT HEOOXOAMMOCTb LieNeHanpaBNeHHOro obyvyeHna akageMnyeckoMy MUCbMy KaK
06A3aTeNIbHOro KOMMOHEHTA NepeBoAYeCcKOro obpasoBaHmA.

KntoyeBble C€NOBa: akaZeMWyeckoe MMCbMO, nepeBoayeckoe o6pa3oBaHWe, aKagemuyecKas
rPAaMOTHOCTb, TUMNYHbIE OWNOKK, CTYAEHTbI-NEPEBOAYMKH, BbiCliee 0bpa3oBaHme

1. BeegeHue

MNepeBogoBeseHne nNpPeaAcTaBAseT COOOM MeXAUCUMMIMHAPHYIO 001acTb, MHTErpUpYyoLLLYHO
JNIIHTBUCTWKY, KyJIbTYPO/IOTUIO, ANCKYPC-aHaAN3 U METOA0/I0TUIO Hay4YHbIX UCCAeA0BaHWI. B cBA3n
C 3TUM CTYAEHTbI-NepeBoAYMKHM B NpoLLecce 0by4eHnA CO3Aat0T WMPOKMUI CNEKTP aka4eMNYECKMX
TEKCTOB, BK/HOYAA 3CCe, Hay4Hble CTaTbM, 0630pbl ANTEPATYPbI, NEPEBOAYECKME KOMMEHTAPUN U
NPOeKTHble OT4ETbl. OCBOEHME AaHHbIX XaHPOB TpebyeT He TONbKO BAALEHMA A3BIKOM, HO W
MNOHMMaHMA HOPM aKaJeMMUYeCKoro AMCKYpPCa, TakMX KaK IOMMYHOCTb, CBA3HOCTb, GOPManbHOCTb
M apryMeHTUPOBAHHOCTb.

HecmoTpAa Ha BbICOKM YypPOBEHb A3bIKOBOM MOArOTOBKM, MHOTME CTYAEHTbl MCMbITbIBAOT
3HaYUTeNbHble TPYAHOCTM NPWU BbIMOAHEHMM MUCbMEHHbIX aKageMMUYecknx 3aaaHnin. OcobeHHo
OTYETNIMBO 3TM NpobAeMbl MNPOABAAIOTCA NPU MNepexofe OT A3bIKOBbIX YNPANKHEHUA K
aHa/IMTUYECKMM W UCCNefoBaTeNbCKMM TeKcTam. [axe npu rpaMmaTMHecKOM KOPPEKTHOCTU
OTAENbHbIX MNPEeANONKEHNN TEKCTbl 4acTo OTAMYatoTCcA pParMeHTapHOCTbIO, HeAO0CTaTOYHOM
CBA3HOCTbIO M Cnabol aHanuTmMyeckon rnybuHoM. ITO YyKasbiBaeT Ha HeobXoAMMOCTb
LeneHanpaBaeHHOro GopPMMPOBAHMNA HAaBbIKOB aKaZeMMYeCcKoro NMcbMa.

Llenb cTaTbM 3aKNKO4AETCA B BbIABNIEHUN U CUCTEMATU3ALUMMN TUMUYHBIX OWMOOK aKaAeMmnyYecKoro
NMCbMa y CTYAeHTOB-NEPEBOAUYMNKOB, a TaKKe B aHaIM3€e NPUUYNH UX BO3SHUKHOBEHMA.
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2. JIMHrBMCTMYECKME OLMOKM B aKaAEMNYECKOM MUCbME

JINHrBMCTUYECKME OWMOKM OocTatoTca Hambosnee 3ameTHON KaTeropmen npobaem B NMUCbMEHHbIX
paboTax cTydeHToB. B nepeBoayeckor ayamMTopmM OHM 4acTo OOYC/IOBAEHbI MEXKbA3bIKOBOM
NHTepdepeHUNEN N CTpeMAEHNEM K DYKBa/IbHOW 3KBUBANIEHTHOCTM.

2.1 T'pammaTmyeckan HETOYHOCTb M HENOCeL0BaTeIbHOCTb

Hanbonee yacTbiMm ABAAIOTCA OWMOKM B MCMONb30BAHMM BPEMEH r1arona, apTUKAen, Npeanoros
M dopm cornacosaHusa. HenocneposatenbHoe ynotpebneHne BPEMEH HapyLiaeT JI0rMYecKyto
LLe/IOCTHOCTb  M3/103KEHWNA, OCODBEHHO MNPV ONMCaHWWM MNpeablaywmnx uccnenoBaHunin. OWnbKK B
ynotpebneHnn apTUKNEN XapaKTepPHbl OAA CTYAEHTOB, POAHOM f3blK KOTOPbIX HE COAEPMKMUT
[AHHOWM KaTeropuu.

Eweé oaHOM TUNMYHON NPoBAEeMON ABASETCA Ype3mepHan A/IMHA NPea/IoKEHNN, BO3HUKAIOLLAA B
pe3ynbTaTe KOMMPOBAHUA CUHTAaKCUYECKMX MOAENEN NCXOAHOrO A3blKa, YTO CHUXKAET YNTAEMOCTb
TeKCTa.

Mpumepsl:

Subject—verb agreement

X The number of students have increased in recent years.

The number of students has increased in recent years.

X One of the main problems are lack of academic vocabulary.

One of the main problems is the lack of academic vocabulary.

Incorrect use of verb tenses

X Researchers have studied this problem in 2015.

Researchers studied this problem in 2015.

X In this article, the author discusses studies that were conducted recently.

In this article, the author discusses studies that have been conducted recently.

2.2 lekcuyecKkme oWnbKM 1 «I0XKHbIE ApYy3bA NepeBOAYMKaA»

Cepbé3Hble TPYAHOCTWU Bbi3blBaeT BbIOOP NEKCMKKM, OCODEHHO B KOHTEKCTE aKageMMYecKoro
anckypca. CTyaeHTbl HepeaKo MCMOAb3yT CNoBa, GOpManbHO COBMAaAalOWMe C eauMHMLAMM
PO/ZHOIO A3bIKA, HO HE COOTBETCTBYHOLLME HOPMAM aKaZeMMYECKOro aHIIMMCKOrO.

Mprmepol:

Incorrect word choice (false friends)

X The results of the research are actual and important.

The results of the research are relevant and important.

X The author gives actual examples to explain the concept.

The author gives relevant examples to explain the concept.

Inappropriate use of synonyms (wrong register)

X The problem is very big in the academic field.

The problem is significant in the academic field.

X Students face a lot of difficulties while writing.

Students encounter numerous difficulties while writing.

Incorrect collocations

X Students make a research on academic writing.

Students conduct research on academic writing.

X The study takes a place in the university.

The study takes place at the university.

Wrong use of academic vocabulary (overgeneralization)

X The author uses many information in the article.

The author provides much information in the article.
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X Students do a lot of analysis.

Students conduct a lot of analysis.

3. CTpyKTypHbIe OWNBKM U OpraHM3aums TEKCTa

3.1 Cnaboe pa3sutne ab3aues

B akaZieMMYeCcKoM TeKCTe KaxKablii ab3all A0MKeH BblTb NOrMYECcKM 3aBEPLLEH M OPUEHTMPOBAH Ha
packpbiTe oaHoM wuaen. OaHako B paboTax CTYAEHTOB 4acTO OTCYTCTBYET TemaTuyeckoe
npeanoXxeHune M B 0A4HOM ab3ale 06beMHAOTCA HECKONbKO HECBA3AHHbIX MAEN, YTO HapyLllaeT
BHYTPEHHIOIO CTPYKTYPY TEKCTa. B pe3ynbTaTe YynTaTeNto CAOKHO OnNpeaennTb OCHOBHYIO MbIC/b
ab3aua 1 npocneanTb Pa3BUTME apryMeHTaLmu.

[ononHutensHon npobnemon asnaetca HecbanaHCMPOBAHHOCTb 0OBbEMA ab3aleB: O4HN U3 HUX
OrpPaHMUYMBAIOTCA OAHMM-ABYMA MPEANONKEHUAMM WU HAMOMMUHAKOT 3aMeTKW, TOorda Kak apyrue
YypesMepHO neperpy*KeHbl MHPOPMaLMEN N OXBATbIBAKOT HECKO/IbKO CMbIC/IOBbIX H10KOB. Takan
OpraHM3auUms TeKCTa OTPULIATEIbHO BAMSET Ha CBA3HOCTb M3/10MKEHUA U CHUNKAET akaAeMMUYECKYIo
YETKOCTb PaboThbl.

Mpumepsl:

Lack of clear paragraph structure (topic sentence)

X Students make grammar mistakes. Vocabulary is also difficult. Academic writing is important.
One of the major difficulties in academic writing is students’ limited control of grammar and
vocabulary.

X Academic texts are complex. Students face many problems. Writing is difficult.

Academic writing poses significant challenges for students due to the complexity of academic
texts.

3.2 HapyLweHune CBA3HOCTM U KOTHUTUBHOCTH

CBA3HOCTb TEKCTa YacTo HapyllaeTca M3-3a HeAOCTAaTOYHOrO UCMO/Ib30BAHMA NOTMYECKMX CBA3OK,
MeCTOMMEHMUI U CPeaCcTB pedepeHLm, B Pe3ybTaTe Yero TEKCT TePAET IOMMYECKYHO LLeIbHOCTb.
Mprmepol:

Lack of logical connection between sentences

X Students need to improve their academic writing. Many students find grammar difficult.
Students need to improve their academic writing because many of them find grammar
difficult.

Abrupt topic shifts (no transition)

X Academic writing is important for students. The internet provides many resources. Teachers
should give more assignments.

Academic writing is important for students. Therefore, the internet provides many resources
that can support their learning. Consequently, teachers should assign more writing tasks to
develop students’ skills.

Incorrect use of cohesive devices (overuse or misuse)

X Firstly, students make grammar mistakes. Secondly, they also make vocabulary mistakes.
Finally, they make mistakes in punctuation. In addition, grammar mistakes are common.

Firstly, students make grammar mistakes. Secondly, they have difficulties with academic
vocabulary. Finally, they encounter problems with punctuation.

Lack of reference words

X Students read academic texts. Academic texts are complex. Academic texts require special
skills.

Students read academic texts, which are complex and require special skills.

Poor paragraph unity

X Academic writing is difficult. Students also have problems with listening. Reading is important.
Teachers should help students.
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Academic writing is difficult for many students due to limited exposure to academic vocabulary
and insufficient practice. Therefore, teachers should provide more structured writing tasks and
feedback.

4, CTUANCTUYECKME M PETUCTPOBbIE OWMNOKM

OaHon 13 Hambonee pPacnpPoOCTPaAHEHHbIX CTUAUCTUYECKMX npobnem B paboTax CTyAeHTOB-
NepeBOAYMKOB ABNAETCA HApYLEHWe aKaJeMWYeCKoro pernctpa, nposasaAwolleecs B
MCNONb30BAHUM PA3rOBOPHbIX 3/1IEMEHTOB, COKPALWLEHHbIX GOPM, HEDOPMaNbHbBIX ANCKYPCUBHbIX
MapKepoB M CyObEKTUBHbIX OLEHOK. oaobHble A3bIKOBble CPEACTBA XapaKTePHbl ANA YCTHOM
KOMMYHMKaUMN N HeakaAeMMUYECKMX KAaHPOB, OAHAKO B HAyYHOM TEKCTE OHM CHUMKAOT YPOBEHbD
$OPManbHOCTM M NOAPLIBAOT OO BEKTUBHOCTb U3N0XKEHMA.

YacTo B akageMmnyeckmx paboTtax BCTPEYatoTCA pa3roBOpHbie KBaHTUdUKaTOpbI (a lot of, kind of),
COKpalleHus (don’t, isn’t), a TakKe AMCKYPCUBHbBIE MapKepbl, TUMNYHbIE A/1A YCTHOW peyn (so, well,
you know). Ix ncnonb3oBaHWe co3aaéT apdeKT HedpopmanbHOro NOBECTBOBAHMA U NPOTUBOPEUNT
TpebOBaHMAM  aKaZeMMUYEeCKOro CTUAA, MNpPeAnonaralollero HeMWTPanbHOCTb, TOYHOCTb MU
AMCTAaHLMPOBAHHOCTb aBTOPA OT TeKCTa.

[lONONHUTENBHBIM  UCTOYHMKOM [aHHOW Npobaembl ABNAAETCA aKTMBHOe B3aMMOAEeNCTBUE
CTYZLEHTOB C HeaKaZleMMYECKMMM aHTN0A3bIYHBIMM pecypcamm — H610ramm, CoumanbHbIMU CETAMM
M NONYNAPHLIMKM OHNAMH-NNATGOPMaMK, rae AOMUHUPYIOT PA3roBOpHble N rMbpuaHble GopMbl
MUCbMEHHOM peun. B pesynbTaTe 3/1€MEHTbl 3TUX PEerMcTpoB MEPEeHOCATCA B aKaJeMUyecKue
TEKCTbl 6e3 0CO3HAHMA UX CTUIUCTUYECKOM HEYMECTHOCTMU.

HapyweHne aKkafeMMyeckoro permcrtpa ocobeHHO HEeraTMBHO CKas3blBAeTCs Ha BOCMPUATUM
apryMeHTaumn: aaxe npu HaanMymMm KOPPEKTHOrO COAEpPKaHMUA MCMNoab3oBaHME HedbopPMabHOM
NEKCUMKM N Pa3roBOPHbIX KOHCTPYKLMIA CHUMNKAET HayyHYtO yOeanuTenbHOCTb TEKCTa M MOXKET ObiTb
MHTEPNPETMPOBAHO KaK HEAOCTATOYHANA aKaAeMMYECKAnA KOMMETEHTHOCTb aBTopa.

Mpumepsl:

Use of informal expressions

X Nowadays, a lot of students don’t really understand how academic writing works.

Nowadays, many students do not fully understand the conventions of academic writing.
Colloquial verbs and phrases

X Students often mess up the structure of their academic papers.

Students often fail to organize the structure of their academic papers effectively.

Use of contractions

X Academic writing doesn’t allow students to express their ideas freely.

Academic writing does not allow students to express their ideas freely.

Overly conversational tone

X So, when students write essays, they usually don’t pay much attention to structure.
Therefore, when students write essays, they often pay insufficient attention to textual
structure.

Vague and imprecise language

X Academic texts are kind of difficult for students.

Academic texts are often challenging for students.

5. KOrHMTMBHbIE N METOL0/I0TUYECKME OLLINBKK

5.1 OnucaTenbHoe BMeCTO aHaIUTUHECKOro NMCbMa

OfHoM 13 Hanbonee cepbE3HbIXx NPOBAEM aKaZeMMYECKOro MUCbMA Y CTYAEHTOB-NEePEBOAYMKOB
aBnAeTcA npeobnagaHue onucaHuWAa Hag aHanuM3om. B cBomx paboTax CTyAeHTbl 4acTo
NnepecKasblBalOT COAEPKAHUE MCTOYHWMKOB, HEe COMOCTaBAAA Pa3/IMUYHbIe TOYKM 3PEHUA U He
OCYWECTBAAS  UX KPUTUYECKYID  MHTepnpeTaumio. B pesynbTate TeKcT npuobpeTaer
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MHOOPMATUBHBIN, HO HE UCCNEAOBATENbCKMIA XapaKTEP U He AeMOHCTPUPYET CHOPMMPOBAHHOCTb
aHa/IMTUYECKOTO MbILINEHMA.

MNopobHas TeHAeHUMA OCOBEHHO APKO MPOABASETCA B 0030pax AMTepaTypbl M aHANUTUYECKMX
KOMMEHTapuAX, rae BMEeCcTo CMHTe3a Uael 1 BbiABAEHUA UCCNe0BaTENbCKMX 3aKOHOMEPHOCTEN
HabaofaeTca nocnenoBaTebHOE MepevyncaeHne UCTOYHMKOB. OTCYyTCTBME aHanM3a CHUXKaeT
Hay4yHytO LEHHOCTb paboTbl M npensTcTByeT GOPMUPOBAHWMIO Y  CTYAEHTOB HAaBbIKOB
apryMeHTMPOBAHHOMO akageMMYyecKoro Ncbma.

Mpumepsl:

X The article discusses academic writing. It explains what academic writing is and gives examples.
The author also mentions that students have difficulties.

The article examines the concept of academic writing and analyzes the specific difficulties
students face, highlighting the factors that contribute to these challenges.

X Many researchers have studied academic writing. They say that it is important for students.
Different problems are described in their studies.

Although numerous researchers emphasize the importance of academic writing, their findings
reveal recurring problems related to students’ limited genre awareness and insufficient practice.
6. MpUYMHbI TPYAHOCTEN aKaLEMNYECKOTO NMNCbMA

PaccmoTpeB BbilleyKa3aHHble OWWOKM MOXKHO cAenaTb BbIBOA, YTO TPYAHOCTU aKaJeMMUYeCcKoro
nMcema  0bBYCNOBAEHbI  COBOKYMHOCTbIO — GAKTOPOB:  MENKBA3LIKOBOM  MHTepdepeHumen,
HeAOCTaTOYHbIM BHMMAHMEM K aKaJeMWYeCKOMYy MNMCbMy B 0bOpasoBaTe/bHbIX MPOrpammax,
OrpaHMYEHHbIM YTEHMEM Hay4YHbIX TEKCTOB WM MPAKTUKOM 0OPaTHOM CBA3U, OPUEHTMPOBAHHOM
NPEMMYLLECTBEHHO Ha WCMpaB/ieHME TPamMMaTUYEecKMX OWMOOK. B pesynbTaTe y CTyAEeHTOB
dbopmumpyeTcs dparmeHTapHoe npeacTaBieHMe 00 aKkaAeMUUYECKOM TEeKCTe, Mpu KOTOPOM
BHMMaHWe COCPe0TauMBaAETCA Ha A3bIKOBOW GOPME, @ HE Ha JIOTMKe apryMeHTauum 1 CTpyKType
N3NOKEHUSA.

Kpome TOro, oTcyTCTBME CUCTEMATUYECKOM PaboTbl C aKaAEMMUYECKMMM KaHPAMMU NPENnATCTBYET
PA3BUTUIO HABbLIKOB KPUTUYECKOTO MbILUEHUSA M OCO3HAHHOIO MCMO/b30BAHMA MCTOYHUKOB, YTO
NPUBOANT K BOCMPOM3BOACTBY OAHUX U TEX XKe TUMUYHbIX OLIMOOK Ha pa3HbIX 3Tanax obyyeHms.

7. MeparorMyeckne pekomeHaauum

Ons a3pPeKTUBHOrO NPeoaosieHUA BbIABAEHHbIX TPYAHOCTEN aKadeMWMYecKoe MUCbMO A0/KHO
6bITb MHTErPMPOBAHO B MPOrpamMmbl MOArOTOBKM MEPEeBOAYMKOB KaK CaMOCTOSTe/lbHaa U
CMCTEMHO BbICTPOEHHAs AWCUMMNAMHA, @ He KaK BCMNOMOraTenbHbI 3/1eMEHT  A3bIKOBOM
noarotoBkn. ObyyeHMe aKkaeMMYeckoMy NUCbMy LienecoobpasHo HauMHaTb Ha pPaHHMX 3Tanax
oby4yeHuMaA 1 NocneaoBaTeNbHO Pa3BMBaTb HA NPOTSAKEHUN BCero y4ebHOro Kypca.

Ocoboe BHMMaHMe cneayeT yaenatb GOPMMPOBAHMIO KAHPOBOW KOMMETEHLMWU, YMEHMUIO
BbICTPaMBaTb aprymeHTaumio, obecneynsaTb IOrMYECKYO CBA3HOCTb TEKCTA M KOPPEKTHO paboTaTtb
C Hay4YHbIMM UCTOYHMKAMW. BarKHO obyyaTb CTyAEeHTOB He TO/IbKO A3bIKOBbIM CPeCTBAM, HO M
NPUHLUMNAM  aKaAeMMUYEeCcKOro MbILWEHMA, BKAOYAA aHanM3, CUMHTE3, COMOCTaBleHME U
KPUTMYECKYIO OLLEHKY MHDOPMALIUN.

dbbeKTMBHOM neaarorMyeckon npPaKTUKOM ABAAeTCA no3aTanHoe obyyeHwe, NpU KOTOPOM
CTYAEHTbl CHa4ana aHaAM3MpytoT obpaslibl akageMMYeCcKMX TeKCTOB B 00nacTu nepesoda W
CMEXHbIX AMCUMNAMH, 3aTEM BbIMNOAHAOT KOHTPO/IMPYEMble 3adaHua (HanucaHue ab3ales,
aHHoTaumMn, 0630pOB), M AWlb NOCAe 3TOr0 NEepexoAaT K CO3[aHMI0 CaMOCTOSATE/bHbIX
nccnenoBaTeNbCKMX  paboT. Takaa NocnenoBaTeNbHOCTb MO3BOAAET CHWU3WUTb KOTHUTUBHYHO
Harpysky n obecneymTb nocteneHHoe GopMMpPoBaHME aKaZeMUYECKON KOMNETEH LMW,

Kpome Toro, BakHyl posib urpaeT obpaTHasa CBA3b, HanpaBAeHHas He TO/IbKO Ha UCMNpaBaeHue
A3bIKOBbIX OWMDBOK, HO M Ha Pa3BUTME CTPYKTYPbl TEKCTA, SIOTMKM aprymeHTaumM M KadecTsa
aHanm3a. Mcnonb3oBaHWe B3aMMHOIO PEeLIEH3UPOBAHMA U PedakTUPOBaHMA TaKKe cnocobcTayeT
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Pa3BUTUIO Y CTYAEHTOB OCO3HAHHOIO OTHOWEHMA K aKaAeMWYECKOMY MUCbMY M MOBbILIAET UX
CNOCOBHOCTb KPUTUYECKM OLLEHMBATL, Kak COBCTBEHHbIE, TAK M YyKME TEKCTbI.

3aKkntoveHve

AHann3 NOKasblBaeT, YTO OWMOKM aKaAeMMYECKOro NUCbma y CTYAEeHTOB-NMepPeBOAYMKOB HOCAT
CUCTEMHbIA XapaKTep M BbIXOAAT 33 PaAMKM JIMHIBUCTUYECKMX TpyaHocTen. CTPYKTypHbIE,
CTUANCTUYECKME N METOA0/I0TMYECKME OWMOKM CyLLECTBEHHO CHMMKAIOT KAayecTBO MUCbMEHHbIX
paboT 1 TpebytoT LeseHanpaBAeHHOM NeJarorMyeckon KoppeKkumm.

dopmmnpoBaHMe YCTOMUYMBBLIX HABLIKOB aKaZEeMWYECKOro MuMcbMa ABASETCA HeobxoAMMbIM
yCN0BMEM NOArOTOBKM KOMMNETEHTHBbIX nepeBOAYMNKOB, CNOCOBHbIX  3bPEKTUBHO
GYHKUMOHMPOBATb B aKaAeMMYECKOM 1 NPOPECCHMOHANIbHOM NPOCTPAHCTBE.
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ISSUES OF STRENGTHENING THE STATUS
OF THE KAZAKH LANGUAGE WITHIN CLIL
AND BILINGUAL EDUCATION

Kenzhegalieva Meruert Kairatovna
Master’s Student, Kazakh National Women’s Teacher Training University, Almaty,
Kazakhstan

Abstract. This article examines the issue of strengthening the status of the Kazakh language
within CLIL (Content and Language Integrated Learning) and bilingual education contexts. The
study aims to analyze the functional integration of Kazakh as a subject-academic language and to
identify the conditions under which it can operate as a full-fledged medium of disciplinary
knowledge construction. A qualitative research design was employed, with content analysis
applied to instructional and methodological materials used in CLIL and bilingual teaching practices.
The analysis focused on the functional roles of Kazakh and the presence of academic discourse
elements across different types of educational resources. The results indicate that while the Kazakh
language demonstrates substantial potential for subject-academic use, its integration into higher-
order discursive functions remains inconsistent. The study argues that the academic status of the
Kazakh language within integrated learning environments depends on systematic methodological
support and purposeful instructional design. The findings contribute to the theoretical and
practical understanding of how CLIL models can be aligned with national language priorities in
multilingual education systems.

Keywords: CLIL; bilingual education; Kazakh language status; academic discourse; subject-
based language; multilingual education; language policy in education

In the context of contemporary globalization, multilingual education policy has become a
strategic direction of educational systems, necessitating the development of new models for the
formation of linguistic competence. In this regard, CLIL (Content and Language Integrated
Learning) and bilingual education approaches, which are based on the integration of subject
content and language, are widely implemented in the international educational space as effective
pedagogical technologies. However, when introducing these models into the national education
system, the issue of preserving and strengthening the status of the state language particularly the
Kazakh language acquires special significance.

The language policy of the Republic of Kazakhstan aims to ensure the full functioning of the
state language in all spheres of public life. Nevertheless, under conditions of multilingual and
bilingual education, there is a risk of limiting the functional potential of the Kazakh language, with
emerging tendencies to use it not as a primary medium of instruction but rather as an auxiliary or
translation language. Such practices may negatively affect the status of the Kazakh language as a
language of academic, scientific, and subject-based communication. Therefore, strengthening the
role of the Kazakh language within CLIL and bilingual education frameworks and establishing it as
a substantive medium of instruction constitutes one of the pressing issues of modern pedagogy.

The relevance of the research problem is determined by the fact that CLIL technology is
predominantly oriented toward the dominant use of foreign languages (English or Russian), while
the potential of the Kazakh language as a carrier of subject content remains insufficiently realized.
This, in turn, hinders the development of learners’ abilities to engage in academic thinking,
scientific reasoning, and professional communication in Kazakh. Moreover, in bilingual education
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practice, the lack of methodological coherence and an imbalance between language and subject
content may further weaken the position of the Kazakh language in the educational space.

The main objective of this study is to conduct a scientific and methodological analysis of
the issues related to strengthening the status of the Kazakh language within CLIL and bilingual
education contexts, and to identify the pedagogical foundations for using Kazakh as a full-fledged
medium for mastering subject content. To achieve this objective, the study comprehensively
examines theories of multilingual education, the integration of language and content, as well as
approaches to developing the functional and academic potential of the Kazakh language.

The research findings are expected to clarify the scientific foundations for aligning CLIL and
bilingual education models with national linguistic interests, enhance the status of the Kazakh
language in the educational process, and contribute to its establishment as a competitive subject-
based and communicative language within the contemporary multilingual educational
environment.

The CLIL (Content and Language Integrated Learning) approach has been extensively
examined in international scholarly literature as an effective model for the integrated teaching of
content and language. In their seminal works, Coyle, Hood, and Marsh conceptualize CLIL as a dual-
focused pedagogical approach, substantiating the role of language both as a medium and as an
object of subject-content learning [1]. This position highlights the need to address language status
not merely at the linguistic level, but also at the methodological and institutional levels. During the
adaptation of the CLIL model to a national education system, the choice of which language
functions as the primary language of subject discourse becomes a matter of strategic importance.

The specific features of language—content interaction in CLIL classrooms have been
demonstrated by Dalton-Puffer through discourse analysis, showing that the acquisition of subject
content largely depends on the organization of academic language [2]. According to her
interpretation, language is not only a means of communication but also a structuring factor of
disciplinary thinking. From this perspective, the use of the Kazakh language as the principal
medium for delivering subject content constitutes a key condition for enhancing its academic
status.

Nikula analyzes the interrelationship between subject literacy and language through CLIL-
based tasks, emphasizing that subject knowledge is constructed through linguistic genres and
terminological systems [3]. These findings substantiate the necessity of employing the Kazakh
language not merely as an explanatory or auxiliary language, but as a full-fledged instrument of
scientific and disciplinary thinking.

The theoretical foundations of bilingual education are comprehensively articulated in the
works of Cummins. According to his Linguistic Interdependence Hypothesis, academic skills
developed in the first language positively influence learning in the second language [4]. This
assertion indicates that the development of subject-specific academic competence in Kazakh can
serve as a foundation for academic achievement in other languages as well.

The social dimensions of language and education policy are addressed in Garcia’s theory of
bilingual education, which emphasizes the unequal status of languages within educational spaces
[5]. The author demonstrates that bilingual education is not merely a methodological solution, but
also a mechanism for reproducing the social and symbolic capital of languages. This perspective
enables the issue of strengthening the status of the Kazakh language to be substantiated from a
sociolinguistic standpoint.

The management of linguistic repertoires in multilingual classrooms is examined by Creese
and Blackledge within the framework of translanguaging pedagogy, highlighting the importance of
purposeful use of learners’ entire linguistic resources [6]. Similarly, Cenoz and Gorter describe
pedagogical translanguaging as an effective strategy in multilingual education [7]. However, this
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approach requires clear regulation and methodological balance in order to avoid diminishing the
status of the state language.

The effectiveness of CLIL in terms of language outcomes has been assessed in studies by
Lasagabaster, which reveal a positive relationship between subject-content learning and language
development [8]. Ruiz de Zarobe, drawing on empirical data, demonstrates the impact of CLIL on
linguistic competence, emphasizing the decisive role of systematic support for disciplinary
language [9].

In the Kazakhstani context, studies by Mehisto, Kambatyrova, and Kurakbayev analyzing
CLIL and trilingual education policy reveal a noticeable gap between policy and practice [10]. The
authors note that although CLIL principles are reflected at the documentary level, there is a risk of
their mechanical implementation in the teaching process.

Quantitative investigations of CLIL effects in higher education in Kazakhstan conducted by
Satybaldina and colleagues demonstrate that language achievement depends on the learning
environment, subject specificity, and the level of teacher preparedness [11]. This finding
underscores the importance of teachers’ competence in working with academic language when
introducing CLIL elements in Kazakh.

An analysis of CLIL practices in school settings by Karabassova, based on the example of
Nazarbayev Intellectual Schools, shows that the quality of language support and lesson design
constitutes a key factor in CLIL effectiveness [12]. This result confirms the decisive role of
methodological design in establishing Kazakh as a language of subject-based communication.

A systematic literature review of trilingual education policy in Kazakhstan conducted by
Sarmurzina and colleagues indicates that insufficient teacher training, limited instructional
resources, and weak institutional support reduce the effectiveness of the policy [13]. The authors
emphasize that strengthening the status of the state language should not remain at a declarative
level, but must be implemented through the educational ecosystem as a whole.

In addition, studies by Kazakhstani researchers Abdykarimova [14], Zhunusova [15], and
Tolegenova [16] address the enhancement of the subject-related potential of the Kazakh language
under conditions of bilingual education, highlighting the importance of linguistic balance and
methodological coherence. Kirkpatrick, in turn, analyzes the preservation of national languages in
multilingual education from the perspective of regional language policy, substantiating the central
role of the national language within the education system [17].

Overall, international theories of CLIL and bilingual education, together with empirical
research conducted in Kazakhstan, indicate that the CLIL model has substantial potential for
strengthening the status of the Kazakh language. However, this potential can be realized only when
Kazakh is systematically employed as the primary language of subject-academic communication.

The study was grounded in a qualitative pedagogical research design and aimed to analyze
the formation of the subject-academic status of the Kazakh language under conditions of CLIL and
bilingual education. The research sought to identify the functional role of language in the
instructional process through a systematic analysis of specific educational materials.

Content Analysis was employed as the principal research method. This method enables the
systematic identification of linguistic patterns, semantic units, and functional uses within textual
and instructional materials and is widely applied in educational research.

The theoretical and methodological foundations of content analysis are comprehensively
articulated in the works of K. Krippendorff. According to his definition, content analysis is an
empirical method aimed at producing reliable and replicable inferences from communicative data
while taking into account the context in which these data are used (Krippendorff, 2018).
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The research materials comprised a total of 36 instructional and methodological resources
derived from educational practices incorporating elements of CLIL and bilingual education,
including:

— 12 subject lesson plans (in natural sciences and social sciences/humanities);

— 8instructional texts (subject-specific texts presented in the Kazakh language);

— 10 task samples (terminological, explanatory, and argumentative in nature);

- 6 fragments of methodological guidelines for teachers related to content and language
integrated instruction.

These materials made it possible to determine the role of the Kazakh language in conveying
subject content, the frequency of academic terminology use, and the level of subject discourse
formation.

Content analysis was conducted in accordance with the stages proposed by Krippendorff
and included the following procedures:

- identification of units of analysis (subject concepts, academic terminology,
argumentative and explanatory structures);

— development of coding categories (use of Kazakh as the primary language of subject
instruction, an auxiliary language, or an explanatory language);

— systematic coding of all 36 materials;

— interpretation and generalization of the obtained data.

During the coding process, it was acknowledged that a single material could be assigned to
multiple categories, which allowed for a more nuanced representation of the multifunctional role
of language in the educational process.

The conducted content analysis made it possible to determine the functional roles
performed by the Kazakh language in instructional materials under CLIL and bilingual education
conditions, as well as to assess the extent to which it is integrated into subject-academic discourse.
The findings indicate that the use of the Kazakh language is not uniform; rather, its role varies
depending on the type of material, the purpose of the task, and the level of complexity of the
subject content. Particular attention was paid to the distribution of the Kazakh language as the
primary language of subject instruction, an auxiliary explanatory language, and an episodic support
language (Figure 1).

Kazakh as the primary
language of subject
instruction (concept...

100

80
60 Kazakh as an auxiliary

Total explanatory language
(definitions,...

Kazakh as an Kazakh as a terminological
episodic/limited-use support language
language (instructions,... (glossaries, provision of...

Number of Materials (n) —— Share, %

Fig. 1. Distribution of Functional Uses of the Kazakh Language in CLIL and Bilingual
Education Materials (n = 36)
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The content analysis results presented in Figure 1 clearly demonstrate that, under CLIL and
bilingual education conditions, the Kazakh language is employed in instructional materials at
different functional levels. In 38.9% of the analyzed materials, Kazakh functions as the primary
language of subject instruction, indicating its capacity to fully perform the functions of concept
formation, explanation, and summarization. This proportion provides empirical evidence that
Kazakh can be used not merely as a language of everyday or auxiliary communication, but as a
language that organizes academic and cognitive activity. This finding is consistent with CLIL theory,
which emphasizes the structuring role of language in subject-content learning, and confirms that
the academic status of a language is consolidated through actual instructional practice.

At the same time, the use of Kazakh as an auxiliary explanatory language in 33.3% of the
materials indicates the persistence of a linguistic hierarchy. In such cases, Kazakh is mainly
employed for defining terms, providing explanations, or clarifying complex content, while the
primary subject discourse is conducted in another language. This pattern suggests that the
cognitive load carried by Kazakh is limited and that its role in developing subject-based thinking is
only partially realized. From a scientific perspective, this phenomenon corresponds to the
“auxiliary language” pattern commonly observed in bilingual education and represents a
methodological risk zone in terms of strengthening the status of the state language.

The finding that Kazakh is used exclusively as a terminological support language in 19.4%
of the materials is also of considerable scholarly significance. This result indicates that the use of
Kazakh is often confined to the lexical level and does not become the main channel for deep
engagement with subject content. It is well established that limiting a language to terminological
support privileges its nominative function over its communicative and cognitive functions, which
is insufficient for the full development of academic discourse. From this standpoint, enhancing the
subject-related potential of the Kazakh language requires its systematic use not only for providing
equivalents, but also as a tool for conceptual analysis, argumentation, and synthesis.

The episodic or limited use of Kazakh in 8.4% of the materials suggests that, in some
instructional resources, linguistic balance is not maintained at all under CLIL and bilingual
education conditions. The use of Kazakh solely at the level of instructions or isolated fragments
significantly weakens its subject-communicative function and may reduce its role to a symbolic or
merely formal status. From a scholarly perspective, this outcome highlights the risk that, in the
course of mechanical implementation of CLIL, language-related objectives may be relegated to a
secondary position.

Overall, the obtained data demonstrate that the Kazakh language has substantial potential
to function as a subject-academic language within CLIL and bilingual education contexts; however,
the full realization of this potential depends on systematic methodological support. As the use of
Kazakh as the primary language of subject instruction increases, its academic status is
strengthened, and learners’ subject-based thinking and linguistic competence develop
simultaneously. Consequently, the analyzed results underscore the scientific and pedagogical
significance of establishing Kazakh as a central language of subject discourse within the CLIL model.
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During the content analysis, the structural elements of academic language were also
recorded quantitatively (multiple elements could co-occur within a single material) (Figure 2).

Academic questions and task formats

I

Linguistic patterns of summarization and 30,6
generalization 1
xplanatory and argumentative structures 15
Linguistic realization of cause-effect F 472
relationships 17
Systematic use of subject-specific F 58,3
terminology 21
0 10 20 30 40 50 60 70

® Share of Materials, % B Frequency of Occurrence (n)

Fig. 2. Frequency of Academic Discourse Elements in the Kazakh Language

The data presented in Figure 2 provide a deeper characterization of the extent to which the
Kazakh language is used as a language of academic discourse under CLIL and bilingual education
conditions. The varying frequencies of academic discourse elements across the materials indicate
that the cognitive load carried by Kazakh in subject-content learning is unevenly distributed. This
finding demonstrates that the integration of language and subject knowledge is determined not
merely by the presence of a language in instruction, but by the specific discursive functions it
performs.

The systematic use of subject-specific terminology observed in 58.3% of the materials
indicates that Kazakh substantially fulfills its function of naming and nominating disciplinary
concepts. This result confirms the capacity of the Kazakh language to accommodate scientific
vocabulary and integrate it into instructional content. However, from a scholarly perspective, the
presence of terminology alone does not ensure the full formation of academic discourse, as
terminological units contribute to the development of subject-based thinking only when combined
with cognitive operations such as analysis, comparison, argumentation, and synthesis.

The fact that linguistic realization of cause—effect relationships accounts for 47.2% suggests
that Kazakh partially supports logical thinking structures in subject learning. Since cause—effect
relations constitute the core of academic discourse, their presence in fewer than half of the
materials indicates that the explanatory potential of Kazakh as a language of subject reasoning is
not yet fully exploited. This pattern is characteristic of bilingual models in which the main logical
structure of subject content is constructed in another language, while Kazakh is used primarily for
supplementary explanation.

The registration of explanatory and argumentative structures at a level of 41.7%
demonstrates that the argumentative function of Kazakh is realized only to a limited extent. Given
that academic argumentation represents a high level of cognitive activity, its insufficient use in
Kazakh weakens the language’s role in fostering subject-based thinking. From a scientific
standpoint, this result suggests that instructional materials tend to assign Kazakh a predominantly
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reproductive function, while productive functions such as reasoning and justification are more
often delegated to other languages.

The relatively low occurrence of summarization and generalization patterns (30.6%)
indicates that Kazakh is rarely employed as a means of completing higher-order academic activities
in instructional materials. Since summarization constitutes a key stage in structuring and
systematizing subject knowledge, its limited realization in Kazakh may lead to insufficient
development of learners’ ability to conceptualize and synthesize subject knowledge in this
language. This issue represents a significant methodological concern in the context of
strengthening the academic status of Kazakh.

The lowest proportion observed for academic questions and task formats (25.0%) points to
the underuse of Kazakh in its interactive and guiding functions within the instructional process. As
academic questions are among the primary tools for activating learners’ cognitive engagement and
initiating subject-based thinking, their infrequent use in Kazakh weakens the language’s role as a
means of managing and directing learning activities.

Overall, the results presented in Figure 2 indicate that the Kazakh language possesses the
potential to incorporate elements of academic discourse; however, this potential remains largely
confined to lower- and mid-level discursive functions. To establish Kazakh as a fully-fledged subject-
academic language within CLIL and bilingual education contexts, it is essential to systematically
elevate its use from the terminological level to logical, argumentative, and synthesizing levels of
academic discourse.

This study demonstrates that the effectiveness of CLIL and bilingual education in a national
context is not determined solely by the formal inclusion of multiple languages in instruction, but
by the functional positioning of those languages within subject-academic discourse. The analysis
confirms that the status of the Kazakh language within integrated learning environments is shaped
by how consistently it is embedded into the cognitive architecture of teaching and learning, rather
than by its nominal presence in instructional materials.

The findings highlight that the academic consolidation of a state language requires
deliberate pedagogical design, where linguistic choices are aligned with disciplinary reasoning,
knowledge construction, and higher-order cognitive processes. When Kazakh is systematically
integrated into explanatory, argumentative, and synthesizing practices, it acquires not only
communicative value but also epistemic legitimacy as a language of knowledge production.

From a broader perspective, the study underscores that CLIL models must be adapted to
national linguistic priorities through context-sensitive methodological frameworks. Without such
adaptation, integrated learning risks reinforcing existing language hierarchies rather than
contributing to balanced multilingual development. Strengthening the status of Kazakh within CLIL
and bilingual education therefore depends on institutional support, teacher preparedness, and
instructional models that explicitly recognize the state language as a central medium of academic
meaning-making.

The conclusions of this research contribute to ongoing discussions on multilingual
education by offering empirically grounded insights into how state languages can be positioned as
academically robust within globally oriented pedagogical models. The results may inform
curriculum development, teacher training, and language policy decisions aimed at ensuring the
sustainable academic functioning of the Kazakh language in multilingual educational settings.
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BocnpuaTne A3bika Yyepe3 n3obparkeHume
MMPa

Ayxagunesa 3aypelww XymabaesHa

KaHAMAAT GUNONOTUYECKNX HaYK, aCCOLMMPOBaHHbIM Npodeccop, ANMaTUHCKUIA
TEXHONIOMMYECKUIN YHUBEPCUTET

MmnpoBO33peHne M co3HaHWe Ntoboro HapoZa OOHOBAAIOTCA B 3aBMCMMOCTM OT ObITa,
0bbl4aeB, Ky/NbTypbl U UCTOPUM 3THOCA, TO €CTb BOCMPUATME A3blKa Yepes M3obparkeHne mupa
NOATBEPKAAET BbICOKYIO CTEMEHb CNEeUUOUKN MbILLIAEHMA HALMW.

A3bIKOBas KapTMHA MMPa KaKa0ro aTHoca GoOpPMMpPYETCA Ha OCHOBE MCTOPUYECKOTO OMbITa,
[YXOBHbIX LEHHOCTEM U KyNbTYPHbIX TPAAMLMM, YTO HAXOANT OTPAKEHME B CTPYKTYPE M CEMAHTUKE
A3bIKOBbIX €AMHULL.

OAHMM M3 CBMAETENLCTB TAaKOro HabaoaeHWs ABAAOTCA PPa3eoorm3mbl, KOTopble C
TOYKM 3PEHUA BHYTPEHHEro CMbIC/A CBA3bIBAIOTCA APYr C APYrOM M CTAaHOBATCA YCTOMUYMBBLIMM
dpaseonornyeckumn egnmHnuammn. Ocoboe MecTo cpeaun HWUX 3aHMMAOT C0BOCOYETaHWA C
YMCNOBBLIMW KOMMOHEHTAMM, MOCKO/IbKY YNC/IUTE/IbHbIE BbICTYNAOT Ha NMPOTAXKEHWUM MHOTUX BEKOB
3/1eMeHTaMM KOHLLENTYaNbHOM CUCTEMbI, Y4aCTBYIOT BO BCeX Chepax MKU3HM KaK: IKOHOMMUKA,
MeAVLMHA, TEXHWKA, apXMTeKTypa, MaWKMHOCTpoeHne, Buonorua, reorpadua, HAHOTEXHONOTUA,
obpasoBaHMe W NMHIBUCTMKA, obecneymBas TOYHOCTb B MNAHWPOBAHUM U M3MepeHun. B.M.
Apuesa cumTaeT, 4To B GMAOCODUM M3MepeHMe — 3TO MO3HaBaTe/IbHbIA MPOLECC, KOTOPbIN
onpeaenaeT KOAMYECTBEHHOE OTHOLWEHWE W3MepAeMOolM BENWYMHbI K APYron, CayxKallen
CTaHA4apToM, 3TanoHom. CornacHo J19C «M3MepeHWe — 3TO COBOKYMHOCTb AeNCTBUIA,
BbINONIHAEMbIX MPU MOMOLWM CPEeACTB U3MEPEHUI C LeAbl HAaXOXKAEHWA YMCNOBOrO 3HAYEHMA
M3MepAeMOol BeaNUYMHbI Yero-nmbo». Koraa mbl YTO-TO M3MepAem, TO Mbl CpPaBHMBAEM 3Ty
BE/IMYMHY, C KaKOM-NMBO MOCTOAHHOW BENWMYMHOM M 3Ta MOCTOAHHAA BENMYMHA Ha3blBAeTCA
eANHULEN N3MEPeHUA.

®pa3eonornsambl C YUCAUTENbHBIMM MNPEACTaBAAOT COOOM 3HAUMMBbIA MaTepuan anA
nccnenoBaHWA B3aMMOAEMCTBMA MPOCTPAHCTBA, KOAMYECTBAa M HAUWMOHANbHO 0OYCNOBNEHHOWM
KapTMHbl  Mupa.  «CMbICNOBbIM  Pe3y/bTaTOM  PEryaspHbIX  BbIPaXKEHWA  ABAAeTCA
dpaseonornyeckoe 3HavyeHue. MoayyaeTcsa, YTO NPU KOMMEHcalMm NoTpebHOCTN B peyun Noam
BbIOMpPatOT GpaseosiorM3mbl B NEPBYO oyepenb MCXoas M3 3HadeHua noHatua» [1, 4]. Cneayet
OTMETUTb, YTO M3 GPaA3e0OrM3MOB KA3axCKOro A3blKa YacTO BCTPEYAlOTCA MOrOBPKW, C0BA
3anoseam U Mypble C/108a, NOCNIOBULbI. TepMUH «HPa3eonormsa» B A3bIKO3HaHUN UMEET LNPOKOoe
3HaYeHWe, T. €. OTParKaeT MOHATME COBOKYMHOCTM YCTOMUYMBLIX OOOPOTOB PEYMN U BbiparKeHWU,
CBOWCTBEHHbIX B OnpeaeneHHOM A3blke» [2, c. 34].

KasaxcKkuii A3blK, BXOAALMM B CEMbIO THOPKCKMX A3bIKOB, OT/IMYaeTca 6oraTcTBOM 006pasHbIX
BbIPAXKEHWI, Cpean KOTOPbIX 0COD0Ee MECTO 3aHMMAIOT JIEKCUKO-PPa3eonormyeckme eanmHuLbI,
CBA3aHHbIE C YUCAUTENbHBIMU. B cocTaBe dpa3eonormamoB YUCAUTENbHbIE MPUOBPETAIOT HOBbIE,
HEeTUMNMYHble ceMaHTMyecKkmne XapaKTEPUCTUKM Z noABepratoTca KayecTBEHHbIM
npeobpasoBaHMam, bopmmpya ocoboe cMbICI0BOe cBOeobpasme.

YucantenbHble B HEKOTOPBIX A3blKaX MCMO/b3YOTCA B KAYeCTBE OCHOBHbIX KOMMOHEHTOB
YCTOMYMBBIX C/OBOCOYETAHUI, nepenasas WHGopmaumio o6 obuecTBEHHOM YCTPOMCTBE,
MPOUCXOXKAEHNN, @ TaKKe O MaTepuanbHOM M AyXOBHOM Ky/NbType HAapOA0B — HOCUTENEN 3TUX
A3bIKOB.

Hanpvmep, B OTHOWEHMM Ka3axCKOro A3blka OTMevaeTcs, 4YTo Hambonee 4acto
BCTPEYAtOLLMECA YNCAUTENbHbBIE B YCTOMYMBBIX CNIOBOCOYETAHUAX €AMHULBI «Oip», eKi», «yuw»,
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«HEemi», «MOFbI3», «KbIDbIK», «HY3», «MbIH», W 3TU YUCAOBbIE eAMHWLbI BXOOAT B COCTaB
dpa3eonornamos, oTpaxKatoLlmx obblyan, TPAAMLUN U PENUTMO3HbIE NPEeACTaBNEHMA HAapOaa.

YTO KacaeTca aHIMMCKOTO A3blka, TO YMCAOBble eAMHWMLbI aKTMBHO Y4acCTBYKOT B
dopmmpoBaHnmM dpaszeonornyecknx ppas, HappPaTMBOB N NOCAOBULL, YTO CNOCOBCTBYET PA3BUTUIO
M HanoAHeHWto 6obLIOro PPa3Ee0/IOrMYECKOro C/IOBAPHOro 3anaca. Ha aHIrIMIMCKOM A3blKe 4acTo
BCTpevatoTca dpaseonornyeckne eamHulpsl, Bctpedatowmecs ¢ 1-10 eagMHMLamm nepsoro psaaa
yncen (A.P. Cowie, C.D. Fillmore, O. Pyskach, V.V. llesyeHko, J.R. Tailor, V.N. Toporov, S.
Sadovigova).

B HEMELIKOM 513bIKe YMC0BbIE KOMMOHEHTbI 06Pa3yOT YCTOMYMBLIN NaacT dpaseonornu, B
KOTOPOM 4mcna QYHKUMOHMPYIOT KaK CEeMaHTMYEeCKMEe YCUAUTENW, KYAbTyPHbIE CMMBOJbI MM
anemeHTbl 06pa3HOM XapaKTEPUCTUKK CUTyaumm. Hanbonee NpoayKTUBHbIMM ABNAIOTCA eAMHMULbI
eins, zwei, drei, hundert, tausend, 4TO OTPa*KaET KaK YHMBEPCA/IbHbIE KOTHUTUBHbIE MOAENN, TaK U
HalMOHanbHO-cneundmeckme npeactasnexHua (Mueosaposa E.B., Cyre-baaabiposmy H.LL.)

[dpeBHWe BepoBaHMA M 06bl4auM, COCTABAAIOLIME OCHOBY aAHIIMMNCKOW, HEMELKOWU U
Ka3axCKOM STHWMYECKOM Ky/nbTypbl, @ TaKXKe KOAMPOBAHWE HAKOM/JEHHOro OfblTa B CUCTEME
0bLLLECTBEHHO-COLMANbHbIX OTHOLWEHMI Yucnamm «kuesi — holy — heilig» n «dacmypni— traditional
— traditionell», metOWMMIM OTHOLIEHNE K CUCTEME CYMCNEHMA, TECHO CBA3AHbI C KYMYIATUBHOMN
[eATeNbHOCTbIO A3blKa. B Llesom, B HacToALEee BpeMA YeN0BEeYeCTBO BPAL, /1M BbIXXMBET 6e3 umobp,
NOTOMY YTO MepeaBWIKeHMe NAeln, efa, KOTOPY Mbl e4MM, OAEXAA, KOTOPYH Mbl HOCUM,
3apnnaTta, KOTOPYK Mbl MOAy4aeM, NedeHne, OTNyCK 3aBMCAT OT undp. B anoxy umbposmaLmm
nobaa nHdopmalma, TEKCT, NepeaaeTca Yepes Kog, COCTOAWMMN U3 M3BECTHbIX YMCEes, NO3TOMY
ymcna camm no cebe ABNAOTCA CBAWEHHbIMM U TPAANLMOHHBIMKW, MOTOMY YTO Mbl 3aBMCUM OT
YUCeN, N KaXObI MOMEHT Halen XNU3HN MCUNCNAETCA YUCIAMM.

Cnncok nntepaTtypsl
1. backakos, /1. A. ConocTaBMUTENbHbIN aHaNW3 CTPYKTYPbl CAOBOCOYETAHUIA W
NPeasioXeHUn B PYCCKOM W THOPKCKOM A3blkax // [MyTn pa3BMTUA HALMOHA/bHO-PYCCKOro
ABYA3bIYNA B HEPYCCKMX LWKosax PCOCP. — M., 1979. — C. 196-197.
2. CmarynoBa, . MafbiHanac ¢paseonormamaep cesgiri. — AamaTtbl: EnTaHbim HBacnachl,
2010.-252 6.

paz



«Scientific Research and Experimental Development» (January 22-23, 2026). London, England || |Gl

THE IMPACT OF TASK-BASED
ASSIGNMENTS ON STUDENTS” LANGUAGE
SKILLS IN ENGLISH LANGUAGE LEARNING

Kumarova Kuralay Altynbekovna

Senior lecturer, Master of pedagogical sciences, Institute of Philology, Kazakh National
Women's Teacher Training University (Almaty, Kazakhstan)

Nurzhanova Aigerim

MA, Senior lecturer, Abai Kazakh National Pedagogical University, (Almaty, Kazakhstan)
Gulnur Alimkhanova

Dulaty University, Senior lecturer, Master of Pedagogy and Psychology

This study examines the impact of using task-based assignments on the language skills of
university students learning English. Data were collected from 120 students at a university through
a descriptive survey and experimental research methods. The results indicate that the
implementation of task-based assignments significantly improved students’ speaking, listening,
writing, and reading comprehension skills. Students’” motivation for autonomous learning
increased, while linguistic errors and grammatical difficulties decreased. However, some students
reported challenges in managing their time effectively when completing tasks. This study
demonstrates the effectiveness of task-based assignments in higher education and highlights their
potential to enhance interaction between instructors and students during the learning process.

Keywords: task-based assignments, English language, language skills, higher education,
students, learning motivation

Introduction

In contemporary higher education, the effective development of students’ language skills in
English has become a critical concern. Mastery of language skills directly influences students’
academic, professional, and social success. Task-Based Learning (TBL) is a pedagogical approach
aimed at enhancing students’ language competencies through the completion of specific, goal-
oriented tasks. This approach integrates communicative, cognitive, and motivational aspects,
making the learning process both effective and engaging for students.

A review of the literature indicates that TBL not only facilitates the development of language
skills but also promotes students’ motivation for autonomous learning. However, research
examining the effectiveness and practical impact of this approach among university students in
Kazakhstan remains limited. Therefore, this study aims to empirically investigate the effects of
task-based assignments on students’ language skills.

The development of language skills in universities is not limited to grammatical and lexical
knowledge. It is equally important to cultivate students’ communicative competence, critical
thinking, and problem-solving abilities. Task-based assignments provide an opportunity to develop
these skills in an integrated manner, as students learn to organize their thoughts systematically,
analyze information, and collaborate effectively in group work while completing specific language
tasks. Compared to traditional instructional methods, this approach increases student
engagement, responsibility, and participation in the learning process.

Furthermore, TBL plays a significant role in enhancing students’ motivation. Tasks often
simulate real-life and professional contexts, allowing students to observe the outcomes of their
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learning activities and heightening their interest in mastering language skills. The application of
such methods within the higher education system of Kazakhstan contributes not only to improving
students” foreign language proficiency but also to strengthening their self-assessment and
learning motivation. This study seeks to provide concrete evidence of the effectiveness of the TBL
approach in promoting students’ language development.

Research Methods

The study was conducted using a combination of descriptive survey and experimental
methods. The implementation of task-based assignments involved collecting data from 120
students enrolled in a university-level English course. To assess students’ speaking, writing,
listening, and reading skills, both pre-tests and post-tests were administered. Additionally, a
survey was conducted to gather information on students’ attitudes toward the tasks, their
motivation, and their time-management experiences.

The survey consisted of four sections:

Demographic information: age, year of study, and language proficiency level.

Assessment of language skills: speaking, writing, listening, and reading.

Experience with task participation: task complexity, clarity, and time management.

Motivation and self-directed learning: students’ engagement and willingness to learn
independently.

Data analysis involved the use of percentage indicators, graphical representations, and
statistical correlation analyses.

During the experimental phase, students were assigned specific task-based activities in each
lesson. The tasks were designed to develop communicative skills, enhance text comprehension,
and perform written assignments logically and coherently. Students’ performance on each task
was monitored by instructors, and feedback sessions were conducted to discuss errors and
achievements. This approach ensured active student participation in the learning process and
allowed them to apply language skills in practical contexts.

Moreover, students’ motivation and time-management abilities were evaluated by
comparatively analyzing survey results and observational data. Statistical analysis enabled the
identification of correlations between students’ task engagement levels and the improvement of
their language skills. This methodological approach enhanced the reliability of the study and
provided empirical evidence of the effectiveness of the TBL approach in developing students’
language competencies.

Results and Discussion

The results of the study indicated that students significantly improved their language skills
through the completion of task-based assignments.

Speaking skills: 68% of students reported improvement in their speaking abilities. During
conversations, students’ vocabulary expanded, and the number of grammatical errors decreased.

Listening skills: 62% of students noted an increased level of text comprehension while
performing listening tasks.

Writing skills: 70% of students indicated enhancements in logical organization and linguistic
accuracy when completing written assignments.

Reading comprehension skills: 65% of students demonstrated an increased ability to
understand texts quickly and comprehensively.

Additionally, 74% of students reported higher motivation for self-directed learning, while
28% experienced difficulties in managing their time effectively. These findings confirm that the
TBL approach not only enhances students’ language skills but also promotes their learning
motivation comprehensively.

The study also revealed that the implementation of task-based assignments positively
affected students’ communicative skills. During group activities, students learned to express their
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opinions systematically, ask questions, and engage in active listening. This was particularly evident
during free discussions and debates, as students were required to interact with one another to
achieve specific linguistic objectives. Moreover, collaborative tasks increased students’
confidence: anxiety about speaking in public decreased, and they became more adaptable in
correcting language errors.

Furthermore, the data demonstrated the development of students’ cognitive skills.
Analytical abilities, such as text analysis, information organization, and logical reasoning during
written tasks, were enhanced. Improvements in reading comprehension and effective completion
of written assignments illustrated that the TBL method facilitates deeper mastery of learning
materials. These findings indicate that the approach contributes not only to language
development but also to fostering critical thinking, creativity, and self-assessment skills within the
learning process.

Conclusion

The study demonstrated that the implementation of task-based assignments significantly
enhances university students” English language proficiency. This approach contributes to the
development of speaking, listening, writing, and reading comprehension skills, as well as increases
students’ interest in and motivation for self-directed learning. However, time management during
the learning process posed challenges for some students. Therefore, it is recommended that
university instructors provide guidance and support to help students plan and manage their time
effectively when applying the TBL method.

The findings also indicated that the TBL approach fosters the development of students’
critical thinking and problem-solving skills. While completing specific tasks, students learned to
analyze texts, organize information, and express their ideas logically. These skills are not only
beneficial for mastering English but also for academic research, written assignments, and
professional communication.

Furthermore, the method was found to enhance students’ participation in group work and
support the development of social skills. During collaborative tasks, students actively interacted
with one another, learning cooperation and mutual support. This, in turn, makes the learning
process more engaging and effective while consistently maintaining students’ learning motivation.
The results of the study provide a basis for considering the TBL approach as a core strategy in
university-level English language instruction.

Overall, this research provides both practical and theoretical evidence for the effective
application of task-based assignments in the context of higher education in Kazakhstan and
highlights the potential for increasing interaction and engagement between instructors and
students.
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Abstract
This article examines the theoretical and practical aspects of integrating artificial intelligence (Al)
with the communicative approach in English language teaching. The findings indicate that Al
enables the personalization of the learning process, assessment of students’ language skills, and
automatic error analysis. The communicative approach focuses on developing students’ speaking,
listening, writing, and reading skills, while Al tools facilitate the efficient and individualized
enhancement of these competencies. The article analyzes the synergistic effect of combining both
methods and addresses the roles of the instructor and institutional support in implementing this
integrative approach.

Keywords: artificial intelligence, communicative approach, English language, integrative
method, foreign language teaching, higher education, pedagogy

WUCKYCCTBEHHbIA MHTENNEKT U KOMMYHWUKATUBHbIM METOA: MHTErPATMBHbIM NOAXOA B
NPENOAABAHUM AHITUCKOTO A3bIKA

AHHOTauuA
B cTaTbe paccmaTpuBaloTCA  TeOpeTMYecKMe U MPaKTUYECKMe  acneKTbl  MHTerpauum
MCKYCCTBEHHOTO MHTennekTa (M) ¢ KOMMYHUKATUBHBIM METOAOM B MPENOAABAHUN aHTIMACKOTO
A3blka. Pe3ynbTaTbl MccnegoBaHMa MNoKasbiBaloT, 4to MM obecnedymBaeT nepcoHanmn3aLmio
y4ebHOro npouecca, OUeHKY A3bIKOBbIX HAaBbIKOB CTYAEHTOB M aBTOMATMYECKMIA aHAN3 OLWMOOK.
KOMMYHWKATMBHbI METOZ HanpaB/ieH Ha Pa3BUTME Yy CTYAEHTOB HaBbIKOB YCTHOM M MMCbMEHHOM
peyn, ayaAMpoBaHMA N YTEHUA, B TO BPEMSA KaK MHCTpymeHTbl MW cnocobcTsytoT adpdeKkTUBHOMY U
WHOMBUAYANN3MPOBAHHOMY COBEPLUEHCTBOBAHUIO 3TUX KOMMNETEHUMN. B cTaTbe aHanm3mpyetcs
cMHepreTuyecknin addeKkT codveTaHMa o0benx MeTOAMK, a TaKKe paccMaTpPUBalOTCA POJib
npenoaasaTtena u MHCTUTYUMOHAIbHasA NOAAEPKKA NPU peannsaumm MHTerpaTMBHOro Noaxoaa.

KntoueBble CNOBaA: UCKYCCTBEHHbIM WMHTENNEKT, KOMMYHWKATUBHbIA MeTOA, aHIMNCKUI
A3bIK, WHTErpaTMBHbIM noaxod, ObyyeHWe WHOCTPaAHHbIM A3blKaMm, Bbicllee obpa3oBaHMe,
nefarorunka

Introduction

The education system of the twenty-first century has undergone profound transformations
due to globalization, digitalization, and the rapid development of information technologies. These
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changes have also influenced foreign language teaching methodologies, creating a need for new
pedagogical approaches. Since English serves as a primary tool for international communication,
academic research, and professional interaction, its effective instruction constitutes a crucial
element of higher education quality.

Artificial intelligence introduces new opportunities in education for personalizing the
learning process, providing feedback, and assessing language skills. While the communicative
approach focuses on developing students’ speaking and listening abilities, Al tools automate these
processes and allow for the adaptation of individualized learning trajectories. This study examines
the pedagogical effectiveness of integrating Al with the communicative approach and explores its
potential in the training of foreign language teachers.

The application of Al enables real-time correction of students’ language errors, enrichment
of vocabulary, and the organization of interactive exercises aimed at the proper use of
grammatical structures. Such technologies not only reduce the instructor’s workload but also
support students” autonomous learning and self-monitoring of their learning progress. From this
perspective, Al emerges as an effective tool that transforms foreign language instruction from
mere information delivery into the development of practical language skills.

Moreover, combining the communicative approach with Al tools enhances student
motivation. Through interactive tasks and simulation-based speaking exercises, learners immerse
themselves in authentic language environments and develop their communicative competence in
real-life contexts. This integrative approach extends the educational process beyond theoretical
knowledge, fostering practical skills, critical thinking, and the development of creative abilities.

Theoretical Foundations

Artificial intelligence (Al) refers to a set of technologies designed to model human cognitive
abilities, including thinking, learning, and decision-making, within computer systems. In the
educational context, Al performs functions such as adapting learning materials, optimizing the
learning process based on individual student abilities, and automatically analyzing errors.

The communicative approach (Communicative Language Teaching, CLT) positions the
student as an active participant in the learning process. Language acquisition occurs through
authentic communicative situations and task-based interactions. Al tools complement the CLT
methodology by automating the assessment and enhancement of students’ speaking, listening,
writing, and reading skills. For example, language models identify grammatical and lexical errors
and provide students with targeted recommendations, while conversational simulators allow
learners to engage in communication within realistic linguistic contexts.

Research indicates that Al-based instruction facilitates the rapid and effective development
of students’ language competence. Additionally, personalized feedback and interactive tasks
enhance the effectiveness of the communicative approach. Whereas the teacher’s role in
traditional instruction is primarily that of a knowledge provider, in an Al-integrated model the
instructor assumes the roles of facilitator and evaluator, guiding and monitoring the student’s
learning process.

The integration of Al with the communicative approach allows students to establish
individualized learning trajectories. Learning materials and tasks are adapted according to each
student’s language proficiency, learning style, and personal interests. This approach increases
student motivation and encourages the application of language skills not only through practice
exercises but also within real-life and professional contexts. As a result, the synergy between Al
tools and the communicative approach makes the learning process efficient, interactive, and
outcome-oriented, providing an opportunity to establish new pedagogical standards in the
training of future foreign language teachers.
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Practical Aspects of Integrating Al with the Communicative Approach

Integrating artificial intelligence (Al) with the communicative approach offers several
advantages for developing students’ language skills:

Personalized Learning: Al analyzes each student’s individual level, errors, and achievements,
providing tailored recommendations.

Feedback: Al evaluates students” written and oral work and offers precise corrections.

Interactivity: Simulators and chatbots provide opportunities to practice within authentic
communicative scenarios.

Assessment and Monitoring: Al continuously tracks students’” progress and evaluates their
achievements using quantitative metrics.

Research indicates that an Al-integrated model can enhance students’ speaking skills 20—
30% faster (Smith, 2022). Moreover, it is essential for instructors to pedagogically interpret Al
tools and adhere to ethical standards.

From a practical perspective, integrating Al with the communicative approach enables
teachers to plan lessons more effectively, adapt learning materials to individual student needs,
and monitor each student’s progress accurately. Simultaneously, students can expand their
vocabulary and increase speaking confidence through virtual conversational practice and
interactive exercises. Such an integrated model not only improves language skills but also fosters
critical thinking, decision-making, and communicative flexibility, establishing a new level of
practical effectiveness in the training of future foreign language teachers.

The Role of the Teacher

Artificial intelligence (Al) does not replace the teacher; rather, it transforms the teacher’s
role. The instructor is no longer merely a knowledge provider but acts as a designer, facilitator,
and evaluator within the learning process.

Key Responsibilities of the Teacher:

e Pedagogically utilizing Al tools;

e Supporting students’ critical thinking and independent learning skills;

e Ensuring academic integrity;

e Enhancing digital competence.

Al transforms the interaction between teacher and student: the instructor analyzes data and
provides guidance, while the student becomes an active participant. In this model, the teacher’s
role as a monitor and evaluator is strengthened.

Furthermore, the teacher must apply Al tools not only at a technical level but also with
pedagogical intent. By considering students’ individual characteristics, learning styles, and
motivation, the teacher adapts tasks and directs learning trajectories. This approach encourages
autonomous learning and fosters the development of critical thinking, communication, and
problem-solving skills. As a result, the integration of Al and the communicative approach elevates
the teacher from a mere transmitter of information to a strategic coordinator of the learning
process.

Discussion

The findings of the study indicate that integrating artificial intelligence (Al) with the
communicative approach possesses significant pedagogical potential in foreign language teaching.
However, this potential is realized only when didactic principles are properly maintained.
Mechanical or uncritical use of Al may not fully impact students’ cognitive and linguistic
development.

Institutional support, instructors’ digital competence, and methodological preparedness are
critical factors for successful implementation. Effective use of Al requires specialized
methodological models, training of instructors in digital competencies, monitoring of learning
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outcomes, and the incorporation of personalized learning. Additionally, it is essential to preserve
the authentic nature of linguistic interaction and to consider cultural and social contexts.

The research demonstrates that integrating Al with the communicative approach enhances
student motivation, promotes autonomous learning, and accelerates the correction of language
errors. Through interactive tasks and simulation exercises, students practice applying language
skills in real-life and professional contexts. This approach fosters active, collaborative interaction
between instructors and students, transforming the learning process from mere information
delivery into an effective system oriented toward practical and communicative outcomes.

Conclusion

The integration of artificial intelligence (Al) with the communicative approach proves
effective in training future foreign language teachers across the following dimensions:

e Personalized instruction;

e Rapid and continuous feedback;

e Enhancement of students’ linguistic and cognitive engagement;

e Development of academic and professional competencies.

The study demonstrates that teachers’ professional competence and institutional support
are key factors in ensuring the effectiveness of Al. Pilot projects and practical trials provide
opportunities to refine Al-based instructional models. Additionally, training instructors in digital
competence and implementing ethical and methodological guidelines can serve as a foundation
for sustainably improving higher education quality and fostering students’ academic and cognitive
potential.

The integration of Al and the communicative approach facilitates the development of
students” autonomous learning abilities, critical thinking skills, and linguistic creativity. Interactive
exercises and virtual simulations enable students to apply language skills in real-life and
professional contexts, thereby enhancing their communicative confidence. Consequently, the
learning process extends beyond theoretical knowledge, transforming into a practical, holistic, and
development-oriented educational experience.

To fully realize the potential of Al in foreign language instruction, educational institutions
must enhance strategies for integrating innovative technologies. Increasing the digital literacy of
both instructors and students, providing methodological support, and adhering to ethical
standards are essential conditions for the successful implementation of the integrated model.
Such an approach not only improves the quality of higher education but also ensures the
preparation of foreign language teachers in accordance with contemporary pedagogical
requirements.
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Abstract

This article examines the didactic principles underlying the use of artificial intelligence (Al)
technologies in teaching the course General Linguistics in higher education institutions. The study
is conducted within a descriptive-analytical framework and analyzes the pedagogical potential of
Al tools in facilitating the acquisition of the theoretical content of general linguistics. Based on key
didactic principles—scientific rigor, systematicity and consistency, consciousness and learner
activity, individualization, the unity of theory and practice, and academic integrity—the article
identifies both the possibilities and limitations of Al application in the educational process. The
research findings demonstrate that artificial intelligence, when employed as a supplementary
didactic tool in teaching general linguistics, contributes to the development of students’
conceptual thinking, research skills, and cognitive engagement. At the same time, it is
substantiated that the unsystematic or methodologically ungrounded use of Al may lead to a
superficial assimilation of theoretical knowledge. In conclusion, the article formulates the didactic
foundations for the effective integration of artificial intelligence into the teaching of general
linguistics.

Keywords: general linguistics, artificial intelligence, didactic principles, higher education,
linguodidactics, digital pedagogy

ONOAKTUYECKUE NPUHUUMNBI NCMO/b30OBAHNA NCKYCCTBEHHOIO MHTEN/IEKTA B
OBYYEHUW OBLLEMY A3bIKO3HAHUIO

AHHOTauuA

B cTaTbe paccmaTpuBatoTCA AMAAKTUYECKME MPUHUMMbI  NPUMEHEHUS  TEXHOAOTUM
MCKYCCTBEHHOrO MHTE/INIEKTA B NpoLiecce npenosaBaHna Ancunnantbl «Obliee A3blIKo3HaHME» B
BbICLUMX Yy4ebHbIX 3aBedeHuAX. MccnenoBaHWe BbIMOAHEHO B paMKax — OnucaTenbHO-
aHaNMTMYECKOro NoaxoAa M HanpaBAeHO Ha aHaAM3 MnefarormMyeckoro noTeHumana cpeacTs
MCKYCCTBEHHOrO MHTENNEKTA NPU OCBOEHUWN TEOPETUYECKOTO COAEPKAHMNA 0OLLLErO A3bIKO3HAHMA.
Ha ocHoBe K/Ato4YeBbIX AMAAKTUYECKMX MNPUHLMNOB —  HAy4yHOCTM, CUCTEMHOCTM MU
nocnenoBaTeNbHOCTN, CO3HATENbHOCTM WM AKTMBHOCTM  obyYatoumxcs, WHAMBUAYANU3aALUMM
obyyeHMsa, eAMHCTBA TEOPWUM WU MPAKTMKW, a TaKXKe akagemumyecko A06pocoBecTHOCTUM —
BbIABAAOTCA BO3MOXHOCTM WU OrPaHUYEHMA WMCNONAb30BAHUA WMCKYCCTBEHHOMO WHTEANEKTA B
obpasoBaTeNbHOM npolecce. Pe3ynbTaTbhl MCCNeA0BaHMA MOKA3blBAOT, UYTO WMCKYCCTBEHHbIA
UHTENNEKT, NPUMEHAEMbI B Ka4eCTBE BCMOMOraTe/IbHOro ANMAaKTUYECKOro CPeacTBa B 0by4eHM
oblemMy A3bIKO3HAHWIO, CNOCcOBCTBYET pPa3BUTUIO Yy CTYAEHTOB MOHATUMHOIO MbILWIAEHWUA,
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nccnenoBaTeNbCKUX YMEHWI M MO3HaBaTeIbHOM aKTMBHOCTW. B TO e Bpems 060CHOBbIBAETCA, YTO
METOAMNYECKM HECUCTEMATM3MPOBAHHOE WCMO/Ib30BAaHME WMCKYCCTBEHHOTO MHTENIEKTa MOMKET
NPUBECTU K MOBEPXHOCTHOMY YCBOEHUIO TEOPETUYECKMUX 3HAHWNI. B 3aKt04eHNN GOPMYIMPYIOTCS
ONAAKTUYECKMe OCHOBbI 3G GEKTUBHOIO BHEAPEHMS MCKYCCTBEHHOTO MHTE//IEeKTa B NpenoaaBaHme
06LLEero A3bIKO3HaHMS.

KntoueBble cnoBa: obllee A3bIKO3HAHME, WCKYCCTBEHHbIN WHTENNEKT, AWAAKTUYECKMEe
NPUHLUMMBI, BbicWee 0b6pa3oBaHMe, IMHIBOAMAAKTUKAE, UMPPOBan neaarormka

Introduction

The contemporary higher education system is developing under the strong influence of
digitalization and technological modernization. Alongside information and communication
technologies, the integration of artificial intelligence into the educational sphere necessitates a
reconsideration of curricular content, teaching methods, and forms of pedagogical interaction.
These transformations are particularly evident in the teaching of theoretically oriented disciplines.

General Linguistics is a foundational course in the professional training of future philologists
and language specialists. The course is aimed at providing systematic theoretical knowledge about
the nature and essence of language, its structure, functions, and laws of development. Since its
content is grounded in abstract concepts, scientific categories, and theoretical models, mastering
the discipline poses certain challenges for students. Within the traditional lecture—seminar format,
the teaching of general linguistics is often limited to the reproductive assimilation of theoretical
information, which does not sufficiently foster students’ scientific and cognitive engagement.

In this context, the integration of artificial intelligence technologies into the educational
process represents one of the effective ways to modernize the content and methodology of
teaching general linguistics. Al-based linguistic corpora, automated analytical systems, and
intelligent learning platforms make it possible to explicate theoretical concepts through authentic
linguistic data, model scientific categories, and stimulate students’ research activities.

However, the use of artificial intelligence in teaching does not automatically lead to effective
outcomes. It requires a systematic approach grounded in pedagogical and didactic principles. It is
therefore essential to view Al not merely as a technical tool, but as a didactic resource that
deepens the content of the educational process. Accordingly, the aim of this study is to identify
the key didactic principles of applying artificial intelligence in teaching general linguistics in higher
education institutions and to analyze their pedagogical significance.

Research Methods

The study is based on a descriptive-analytical approach. In the course of the research,
philosophical-pedagogical analysis, the comparative method, theoretical systematization, and
modeling techniques were employed. The research materials included domestic and international
works in linguodidactics, studies devoted to the theory of general linguistics, as well as scholarly
publications addressing the application of artificial intelligence in education.

In addition, a methodological analysis of the practice of teaching the course General
Linguistics in higher education institutions was conducted, which made it possible to identify the
didactic potential of integrating Al tools into the instructional process. The study was not aimed
at empirical surveys but focused on the theoretical systematization of didactic principles.

An interdisciplinary approach guided the research, with comprehensive consideration of
scholarly concepts at the intersection of linguistics, pedagogy, and digital technologies. The
influence of artificial intelligence on key concepts of general linguistics was examined through
contextual analysis, revealing the interrelation between traditional linguistic theories and
contemporary digital tools. This approach made it possible to establish the theoretical foundations
for modernizing the course content.
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Furthermore, in order to structure the research findings, methods of generalization,
systematization, and the construction of a conceptual model were applied. As a result, the didactic
principles of using artificial intelligence in teaching general linguistics were identified, and the
theoretical and methodological foundations for their implementation in the educational process
were formulated. These methods ensured the scientific coherence of the study and strengthened
the theoretical validity of the proposed conclusions.

Results and Discussion

Principle of Scientific Rigor

The primary didactic requirement in teaching general linguistics is adherence to the principle
of scientific rigor. Artificial intelligence tools should not be employed to simplify or trivialize
linguistic theories, but rather to facilitate their in-depth comprehension. For instance, the use of
linguistic corpora to analyze phonetic, morphological, and syntactic regularities on the basis of
authentic language data enables the effective implementation of this principle.

Principle of Systematicity and Consistency

The content of the general linguistics course is structured as an interconnected system of
concepts. When applying Al tools, it is essential to preserve the internal logic and sequential
organization of the instructional material. Visual models, tables, and schematic representations
generated through artificial intelligence contribute to students’ systematic acquisition of
theoretical concepts.

Principle of Conscious Learning and Learner Activity

The use of artificial intelligence should be aimed at enhancing students’ active participation
in the learning process. The results of automated analyses encourage learners not merely to
accept ready-made information, but to interpret, compare, and critically evaluate it. This, in turn,
creates favorable conditions for the development of scientific thinking.

Principle of Individualization

Artificial intelligence enables the construction of individualized learning trajectories. Given
the varying levels of students’ theoretical preparedness in general linguistics, the differentiated
presentation of tasks through Al tools increases the overall effectiveness of instruction.

Principle of the Unity of Theory and Practice

Al technologies facilitate the connection between theoretical concepts and practical
linguistic material. This reduces the abstract nature of teaching general linguistics and reveals the
applied dimension of the discipline.

Principle of Academic Integrity

The issue of academic integrity is of particular importance in the use of artificial intelligence.
Al should function as an auxiliary tool rather than replacing students’ independent thinking. Failure
to observe this principle may lead to a weakening of scientific and critical thinking skills.

Conclusion

The findings of the study demonstrate that the use of artificial intelligence in teaching
general linguistics is pedagogically effective only when it is grounded in clearly defined didactic
principles. The principles of scientific rigor, systematicity, conscious learning, individualization, the
unity of theory and practice, and academic integrity have been identified as the methodological
foundations for integrating Al into the educational process.

Artificial intelligence should not be viewed as a tool for the formal automation of instruction
in general linguistics, but rather as a pedagogical resource that enhances students’ scientific and
cognitive potential. Research in this area can serve as a basis for the future modernization of
teaching methodologies in general linguistics and for improving the overall quality of higher
education.

The theoretical conclusions drawn in this study substantiate the need to reconsider the
content of the general linguistics course in higher education institutions. The appropriate and
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purposeful use of Al tools facilitates a deeper understanding of linguistic concepts, the
development of scientific analytical skills, and the enhancement of students’ independent thinking
abilities. This, in turn, strengthens the professional and research competencies of future
specialists.

Furthermore, the research results indicate that the integration of artificial intelligence into
the educational process does not diminish the role of the instructor; on the contrary, it elevates
the instructor’s scholarly and methodological function to a new level. By employing Al-based tools
as a means of guidance and evaluation, instructors can foster learners’ cognitive engagement
more effectively. In the future, conducting empirical studies and testing practical models in this
field will contribute to the development of an effective methodology for teaching general
linguistics.
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Abstract

Historical and cultural landscapes are the result of a long-term interaction between humans and
the natural environment and represent an important resource for the development of sustainable
tourism. They combine cultural heritage, spatial identity and socio-economic potential. At the
same time, the growth of tourism often poses serious threats to the authenticity and ecological
sustainability of these landscapes. The article aims to analyze the role of historical and cultural
landscapes in sustainable tourism, identify existing challenges and discuss development
opportunities in the context of international and local experience.

Keywords: historical landscape, cultural landscape, sustainable tourism, cultural heritage,
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Introduction

In the context of globalization and intensive development of tourism, historical and cultural
landscapes are increasingly becoming objects of tourist interest. According to UNESCO, cultural
landscapes are perceived not only as elements of heritage, but also as living spaces where history,
culture and modern social processes coexist. The concept of sustainable tourism considers these
spaces as a development resource, the use of which should be based on long-term ecological,
social and cultural balance.

Historical and cultural landscapes as a tourist resource

Historical and cultural landscapes are spaces that have been formed as a result of the interaction
of natural conditions and centuries-old human activities. According to Karl Sauer's theory of
cultural landscape, landscape is the "imprint" of culture in the natural environment. Modern
approaches complement this concept with socio-economic and symbolic meanings, which are
especially important in tourism research.

Historical and cultural landscapes are a valuable resource for tourism for several reasons:

e They have a unique identity and authenticity;

e They contribute to the popularization of local culture;

e They create economic development opportunities for the local population;

e They increase the international visibility of the region.

Tourism based on cultural landscapes is particularly effective in regions where the potential for
industrial development is limited.

The following are the main challenges in the context of sustainable tourism for historical and
cultural landscapes:

Overtourism - an excess of tourists leads to infrastructural overload, landscape degradation and
loss of cultural authenticity.
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Commercialization of authenticity - the transformation of cultural elements into a tourism product
often leads to the simplification or "spectacularization" of traditions, which reduces the value of
the cultural landscape.
Environmental pressure - The development of tourism infrastructure often disrupts the ecological
balance, especially in fragile landscapes.
Governance and regulatory challenges - Effective management of sustainable tourism requires
multi-stakeholder engagement, including collaboration between state institutions, local
communities and the private sector, which is often problematic in practice. The opportunities for
sustainable tourism in historic and cultural landscapes are quite diverse. First and foremost, this
is community-based tourism, where the active participation of local communities contributes to
both the protection of cultural heritage and the equitable distribution of economic benefits.
Education-oriented tourism is also important, meaning that historic and cultural landscapes can
be used as “living laboratories” where visitors can learn about the environment, history and the
principles of sustainability.
The use of digital technologies is very relevant - virtual tours, GIS and digital museums, which
reduce physical pressure on landscapes and increase their accessibility. And most importantly,
integrated territorial planning is necessary, because the integration of tourism with spatial
planning ensures the protection and long-term development of cultural landscapes.
Using the example of the mountainous region of Georgia - Svaneti, we offer one specific case that
well demonstrates how cultural and historical landscapes can be used as a resource for sustainable
tourism.
Svaneti is a unique cultural and historical landscape, where the high-mountainous natural
environment and centuries-old human activities are combined. The main elements of the
landscape are medieval Svan towers, traditional residential houses, terraced land use, pastures
and religious buildings. The mentioned area is included in the UNESCO World Heritage List (Upper
Svaneti, Mestia-Ushguli area).
The landscape of Svaneti reflects:

e Defensive architecture and self-organization of mountain communities;
Coexistence of Christian and pre-Christian cultures;
Traditional agricultural practices (animal husbandry, agriculture);

e Unigue material and intangible heritage (language, rituals, crafts).
It is these elements that create a high level of authenticity, which is one of the main prerequisites
for sustainable tourism.
In Svaneti, among the forms of sustainable tourism, the following should be noted:
1. Community-based tourism, which reduces mass tourism and promotes social sustainability.
Family hotels and guesthouses are developed in Svaneti, where: the local population directly
receives economic benefits; Tourists are given the opportunity to engage in cultural experiences
(traditional cuisine, festivals, everyday life); the architectural appearance is preserved.
2. Cultural-educational tourism, which increases the awareness of tourists and reduces pressure
on the landscape. Regional museums (Mestia Historical-Ethnographic Museum), churches and
towers are used as educational spaces. The following are held: thematic excursions; cultural
festivals; research tours for students and specialists.
3. Ecotourism and hiking in the cultural landscape create an integrated tourism product, where
nature and culture are not separated from each other. Hiking routes in Svaneti (e.g., Mestia-
Ushguli) combine: natural landscapes; visits to historical villages and cultural sites.
Despite positive practices, the cultural landscape of Svaneti faces a number of challenges that
require clear spatial planning and regulation. These include: the problem of tourist seasonality;
visual and ecological pressure caused by the growth of infrastructure; replacement of authentic
architecture with non-traditional buildings.
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The cultural and historical landscape of Svaneti is a successful example of how cultural heritage
can be used as a resource for sustainable tourism. Local involvement, an educational approach
and harmony with the natural environment create a real basis for sustainable development. Under
the conditions of good governance, Svaneti can become a model of sustainable tourism at the
regional and international levels.

Conclusion

Historical and cultural landscapes are an important basis for the development of sustainable
tourism, although their effective use is associated with multifaceted challenges. The success of
sustainable tourism depends on maintaining a balance between economic benefits and cultural-
environmental responsibility. With appropriate policies, education and local involvement,
historical and cultural landscapes can become not only a tourism product, but also a strategic
resource for sustainable development.
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Abstract. The transition from petroleum-based packaging to biodegradable alternatives is
constrained by feedstock variability, slow recipe development, and limited process controllability
at pilot scale. This paper proposes an integrated Industry 4.0 framework for producing
biodegradable packaging biocomposites from locally available agro-waste (e.g., cereal straw and
rice husk) through the BioPack Core module embedded in the R&D Central Asia platform. The
approach combines (i) an loT-enabled data layer for raw-material traceability and in-line
monitoring, (ii) a production-line digital twin for predictive process optimisation and virtual
commissioning, and (iii) machine-learning models for formulation screening and multi-objective
recipe optimisation. We present a methodological pipeline that links agro-waste physicochemical
descriptors with mechanical, barrier, and biodegradation performance targets, enabling
accelerated down-selection of candidate biocomposites and risk-reduced scale-up. The proposed
architecture contributes a reproducible digital thread from «waste-to-recipe-to-product»
supporting quality management, faster R&D cycles, and scalable circular bioeconomy deployment
in Central Asia.

Keywords: Biodegradable packaging; agricultural waste valorisation; digital twin; Internet of
Things (loT); machine learning; recipe optimisation; biocomposites; circular bioeconomy

1. Introduction
Plastic packaging waste poses a severe environmental challenge, with an estimated 350 million+
tons of plastic waste generated annually and packaging accounting for nearly 40% (Bie et al.,
2025). Most of this packaging is non-biodegradable, leading to persistent pollution in ecosystems.
At the same time, agriculture and food industries produce vast quantities of residues (straw, husks,
peels, etc.) that are often undervalued or burned as waste (Bie et al., 2025). Converting these
agro-wastes into biodegradable packaging offers a promising dual solution: it reduces plastic
pollution and valorizes biomass residues as raw materials for sustainable materials (Bie et al.,
2025). Figure 1 illustrates how diverse agro-waste streams (agricultural crop residues, fruit
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processing by-products, forestry waste) can be transformed into biopolymer feedstocks and
molded packaging products (Kossalbayev et al.,2025).

Such biomass-derived packaging includes molded pulp trays from straw or bagasse fibers,
bioplastic films from fruit peels or starch-rich waste, and fiber-reinforced biocomposites - all of
which are renewable and compostable alternatives to conventional plastics (Kossalbayev et
al.,2025). These developments align with the circular economy paradigm by «turning waste into
resource», as emphasized in recent reviews (Bie et al., 2025). However, significant scientific and
technical hurdles remain in achieving high-performance, market-competitive biodegradable
packaging materials from agro-waste.
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Figure 1. Biomass Residue Streams and Conversion Pathways to Biodegradable Packaging
(Molded Pulp, Bioplastic Films, and Injection-Molded Containers).

Valorization pathways for agricultural, food-processing, and forestry wastes into biodegradable
packaging materials. Agro-residues (e.g., cereal straw, rice husk) rich in cellulose can be pulped
and molded into fiber-based packaging (trays, containers); fruit and vegetable by-products (peels,
pomace) provide pectin, starch, or fibers for bioplastic films and edible coatings; forestry by-
products (sawdust, bamboo, bagasse) can be processed into paperboard or composite materials
(Kossalbayev et al.,2025). This integration of waste streams into packaging supports a circular
bioeconomy.

Biodegradable packaging from agro-waste has been the focus of increasing research interest.
Recent comprehensive reviews document numerous processing techniques (e.g. alkaline pulping,
solvent casting, extrusion) to convert plant biomass into packaging films and containers, and
report that material properties (mechanical strength, barrier performance, biodegradation rate)
depend strongly on feedstock composition and treatment (Kossalbayev et al.,2025). For instance,
the cellulose, hemicellulose, and lignin content of a given agricultural residue influence the
strength and water resistance of the resulting biopolymer film (Kossalbayev et al.,2025).
Optimizing formulations often requires blending natural polymers (starch, fiber, proteins) with
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additives (plasticizers, cross-linkers, etc.) to achieve performance close to conventional plastics
(Philomena et al., 2025). Traditional development of such recipes has relied on trial-and-error and
laborious experimental screening. There is a clear need for more intelligent, data-driven
approaches to recipe design that can accelerate innovation in this field (Philomena et al., 2025).
Equally important is the challenge of scaling lab formulations to high-tech pilot production.
Achieving consistent quality in a production line for biocomposites can be difficult due to
variability in bio-feedstock properties and sensitivities in process parameters (temperature,
moisture, etc.). Quality management and process optimization must be addressed to ensure these
eco-friendly materials are industrially viable.

Industry 4.0 technologies - including 10T (Internet of Things), data analytics (Hassoun et al., 2023),
and digital twins - are increasingly recognized as enablers for innovation in sustainable
manufacturing. In packaging, the concept of «Packaging 4.0» envisions smart factories where
advanced sensors, Al-driven analytics, and virtualization improve efficiency and quality while
reducing waste. A digital twin in particular is a powerful tool: it is essentially a dynamic virtual
replica of a physical system that is continuously fed with real-world sensor data, allowing real-time
monitoring, simulation, and optimization of processes (Digital Twin Integration, 2025). Digital
twins have been successfully applied in various manufacturing domains to optimize process
parameters and predict system behavior, enabling proactive adjustments for quality control
(Peterson, 2025). For example, in large-scale packaging plants, digital twin integration facilitates
end-to-end visibility of operations - from raw material input to final product

- and can predict equipment failures or quality deviations before they occur (Digital Twin
Integration, 2025). However, the application of digital twin technology to biopolymer processing
and composite material design remains relatively novel. Integrating a digital replica of a
biodegradable packaging production line, combined with loT-based monitoring of raw material
properties, could greatly aid in scaling up agro-waste conversion by enabling virtual trials and fine-
tuning without interrupting physical production.

Parallel to digital manufacturing advances, machine learning (ML) and data-driven design are
transforming materials science (Lindsey et al., 2025). In polymer research, ML has been used to
model composition-property relationships and even propose optimized formulations. Notably,
advanced regression algorithms (e.g. neural networks, random forests) can capture nonlinear
dependencies between ingredients and performance metrics (Lindsey et al., 2025). Recent studies
have shown that ANNs (artificial neural networks) can accurately predict properties like tensile
strength, moisture barrier, and biodegradability of bio-polymer films based on formulation data.
For instance, Lindsey et al. (2025) trained ANN models to relate the proportions of additives
(plasticizer, crosslinker, etc.) to film properties and achieved cross-validated R*2 of ~0.93-0.98.
Such models, coupled with optimization techniques (e.g. Bayesian or genetic algorithms), enable
intelligent recipe design - the ML model can be used to search the formulation space for
candidates that maximize desired properties (or balance multiple objectives) (Lindsey et al., 2025).
Amamoto et al. (2025) demonstrated this approach by using Gaussian process models to optimize
polymer compositions for a trade-off between mechanical toughness and degradability. These
examples underscore the potential of ML in expediting the development of high-performance
biodegradable materials (Amamoto et al., 2025).
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Building on the above trends, this paper presents a novel integration of digital technologies and
materials R&D to realize high-tech production of biodegradable packaging from agro-waste. The
work is part of the BioPack Project, which aims to establish the first pilot plant in Central Asia for
agro-waste-derived biopackaging, tightly linked with a regional R&D digital platform («R&D Central
Asia»). We focus on two key tasks:

1) the development and validation of the BioPack Core digital platform - which includes a virtual
recipe laboratory, a production-line digital twin, and a quality management system (QMS) - to
enable end-to-end digitalization of the R&D-to-production pipeline;

2) the creation of an intelligent recipe design system that leverages a database of agro-waste
properties and machine learning algorithms to design and optimize biocomposite formulations.
This integrated approach is designed to shorten development cycles and ensure consistent quality,
addressing both the scientific challenge of formulating agro-waste biocomposites and the
engineering challenge of scaling up production. To our knowledge, this is the first reported
integration of a digital twin and ML-driven materials design for biodegradable packaging
production - an advance that combines principles of green materials science with Industry 4.0
digital infrastructure. The following sections detail the system architecture and methods (Section
2), present results from platform validation and recipe optimization (Section 3), and discuss the
implications for sustainable packaging innovation (Section 4). The study provides both theoretical
insights (e.g., data-driven understanding of composition-property relationships, modeling of
biodegradation kinetics) and practical outcomes (a functional digital platform, validated prototype
recipes, and a pilot-scale demonstration), laying the groundwork for smarter and faster
development of biodegradable packaging technologies.

2. Materials and Methods
2.1 Biopack core platform architecture
The BioPack Core platform was designed as a modular digital environment integrating all stages
from material formulation design to process simulation and quality control. Figure 2 shows the
architecture of the system and data flows. The platform comprises four main modules:

i) a Database of Agro-Waste Properties,

ii) a Recipe Design Laboratory (in silico experimentation space),

iii) a Production Line Digital Twin, and (iv) a Quality Management System (QMS).
All modules communicate via a centralized cloud-based platform (R&D Central Asia) that enables
remote access and data sharing among R&D scientists and plant engineers.
We curated a structured database of locally available agro-waste materials, capturing their key
properties relevant to packaging material design. This included physicochemical properties
(cellulose, hemicellulose, lignin content; particle size; moisture content; bulk density), and
preliminary lab test results (e.g., thermal degradation profile, intrinsic strength of fibers,
biodegradability metrics). Data were gathered from literature and our own measurements. For
example, wheat straw and rice husk - abundant crop residues in the region - have high cellulose
(~30-40%) and significant silica (especially rice husk ~15-20%) which can affect composite strength
and processing (Bie et al., 2025). Such characteristics were recorded. The database was
implemented using a SQL-based system and exposed via an API to the Recipe Lab and Digital Twin
modules. All new experimental data (from recipe trials or production runs) also feed back into this
database, enabling continuous learning.
This is a virtual laboratory interface where users can formulate «recipes» for biocomposite
material and predict their properties before physical experimentation. The lab is powered by a set
of machine learning models that we developed (described in Section 2.3). Users input a
formulation - e.g., the percentages of each component: base polymer matrix (such as starch or
PLA), fibrous filler (processed straw, husk fiber), additives (plasticizer like glycerol, compatibilizer,
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etc.) - and the ML models provide instant estimates of key material properties: mechanical
strength (tensile modulus, tensile strength, elongation), barrier properties (water vapor
transmission rate), thermal stability (onset of degradation), and biodegradation rate in composting
conditions. The Recipe Lab also includes a computational tool for multi-objective optimization. For
a given application (for instance, a food takeout container requiring high wet-strength and rapid
compostability), the user can specify target ranges for properties, and the system uses an
optimization algorithm (genetic algorithm in our case) to search the formulation space for
candidate recipes that best meet those targets. This approach follows recent successes in applying
ML to polymer formulation optimization (Lindsey et al., 2025). In our implementation, we coupled
the predictive models with a genetic algorithm that evolves a population of candidate recipes,
evaluating their predicted performance, and iteratively improving them. The optimization can
handle multiple objectives by employing a weighted fitness function or Pareto ranking; for
example, maximizing tensile strength while minimizing water absorption. The output of this
module is a set of top-ranked recipe candidates, which can then be tested virtually in the Digital
Twin or physically in the lab.

A core innovation of our platform is a digital twin of the pilot production line for biodegradable
packaging. The pilot line (Section 2.4 describes the physical setup) includes equipment for raw
material pretreatment, compounding/extrusion of biopolymer feedstock, and thermoforming of
packaging products. The digital twin is a high-fidelity simulation model of this entire line,
developed using a combination of first-principles process modeling and data-driven calibration. In
essence, the digital twin continuously mirrors the state of the physical production line via
streaming 10T sensor data and simulates the process behavior under various conditions (Peterson,
2025). We implemented the twin using a simulation software (AnylLogic for discrete event +
continuous process modeling), augmented with custom Python-based modules for material
processing physics (e.g., modeling heat and mass transfer in the extruder, viscoelastic flow of the
biopolymer melt, etc.). The twin accepts recipe parameters (from the Recipe Lab) and process
parameters (machine settings like temperature profiles, screw speed, mold pressure) as inputs,
and generates outputs such as predicted throughput, energy consumption, and product quality
metrics (e.g. thickness uniformity, density, predicted strength of the formed article). A
distinguishing feature is that our digital twin is two-way coupled with the physical line: sensor
feeds (temperature, torque, pressure, etc.) from the equipment are ingested in real time, allowing
the twin model to self-correct and stay synchronized with reality (via adaptive state estimation).
Conversely, the twin can run what-if simulations to predict outcomes of adjustments before they
are applied physically. This enables a proactive control approach - for instance, the twin can
forecast that a slight increase in feedstock moisture would cause a product quality drop,
prompting operators to preemptively adjust drying or temperature settings. We also incorporated
virtual sensors in the twin to estimate variables not easily measured on-line (such as internal
material temperature in the extruder, or stress distribution in the product during forming). The
fidelity of the twin was ensured by an initial calibration phase: we ran the physical line with a
baseline material (e.g., a known PLA-straw recipe) and tuned model parameters until the twin’s
predictions (torque, product dimensions, etc.) matched the observed data within 5% error. This
calibrated twin then served as a testbed for new recipes - i.e., before actually running a novel
biocomposite through the pilot line, we simulate it in the twin to identify any process adjustments
needed to maintain quality.

To close the loop, BioPack Core integrates a QMS module that tracks quality metrics and
compliance throughout R&D and production. The QMS aggregates data from three sources: (1)
lab testing results of materials (from prototype samples of new recipes), (2) in-line sensor data
during production (e.g. temperature logs, dimensions from machine vision inspection), and (3) the
digital twin’s predictions/alerts. All this information populates a dashboard that is accessible to
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project managers and quality engineers. If a recipe is being evaluated, the QMS can indicate
whether its predicted properties meet target specifications or relevant standards (for example,
checking if a compostable packaging meets ASTM D6400 compostability criteria or has sufficient
tensile strength as per usage requirements). During production runs, the QMS monitors trends in
product quality in real time; for instance, it can flag if moisture content of incoming raw fiber
deviates beyond the qualified range (detected via loT humidity sensors in raw material storage)
and could jeopardize product integrity. In such cases, the system issues alerts and can even trigger
automatic adjustments or hold procedures. The QMS is built to comply with ISO 9001 principles,
ensuring traceability of data and decisions. Every batch of product produced in the pilot line gets
a digital record in the QMS, linking back to the exact recipe, raw material batch, and processing
conditions used - a digital thread from raw material to final product. This not only facilitates
consistent quality but also provides valuable data for refining the ML models (every production
batch effectively becomes a new data point to learn from). The QMS also supports remote
auditing: authorized users from partner institutions (via the R&D Central Asia platform) can review
guality data and process logs remotely, embodying the concept of a transparent, collaborative
R&D-production ecosystem.
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Figure 2. Feedstock taxonomy for the biopack material library: agro-residues, food by-products,
and forestry/industrial residues linked to processing routes.

Figure 2 (below) depicts these components and their interactions within the BioPack Core
platform. The design follows modern digital ecosystem principles of modularity and
interoperability, using standard data formats (e.g., JSON for loT data, SQL for database) and open
APIs to communicate between modules. The platform was deployed on a cloud server and uses
secure web interfaces for users in different roles (researcher, engineer, quality manager). Overall,
BioPack Core provides a unified digital backbone for our high-tech biopackaging pilot plant, from
initial recipe conception to final product quality assurance.

Schematic architecture of the BioPack Core digital platform integrating R&D and production. The
Recipe Design Lab (left) uses an ML-based model to predict properties (e.g., strength, barrier,
biodegradability) for a given agro-waste composite formulation, and can perform multi-objective
optimization to suggest ideal recipes. The Digital Twin of the production line (center) simulates
compounding and thermoforming processes; it receives recipe data and process parameters, and
returns simulated outcomes (throughput, quality metrics). 10T sensors on the physical equipment
continuously update the twin to reflect real conditions (blue feedback arrows). The Quality

305



Proceedings of the 12th International Scientific Conference

Management System (right) collects data from both lab tests and production (sensor and
inspection data) to monitor compliance with quality targets, issuing alerts or adjustments if
needed. All modules share information via a cloud platform (R&D Central Asia), enabling remote
collaboration and data-driven decision-making. (Illustrative diagram showing data flows between
modules; see text for details.)

2.2 Materials and preparation of biocomposites.

For the experimental component of this study, we targeted grain crop residues as primary raw
materials, given their local abundance. In particular, wheat straw and rice husk were used as the
lignocellulosic fillers/fibers in our biocomposites. These agro-wastes were collected from regional
farms post-harvest, air-dried, and milled. The straw was chopped and hammer-milled to fiber
lengths of ~¥5-10 mm. Rice husk was ground and sieved to <500 um to serve as a fine particulate
filler. Prior to composite formulation, both types of biomass were characterized: moisture content
(~8-10% after drying), ash content (rice husk high in silica ~17%), and composition (straw
contained ~38% cellulose, 26% hemicellulose, 18% lignin, per standard NREL protocol). Knowing
these values was important for the ML model and to anticipate processing behavior.

As a matrix polymer, we selected a starch-based biodegradable polymer blend (a mix of
thermoplastic starch (TPS) and PLA). This choice was guided by compatibility with agro-fibers and
food-contact safety. We also experimented with a mycelium-based polymer in preliminary trials,
but results here focus on starch/PLA blends reinforced with agro-waste fibers. Food-grade glycerol
(10-15 wt% of starch content) was used as a plasticizer for TPS. Minor additives included: natural
wax (2 wt%) to improve water resistance, and calcium carbonate (5 wt%) in some recipes as a
biomass filler extender.

To prepare composite samples, the components (polymer matrix, fibers, additives) were
compounded using a lab-scale twin-screw extruder (D=20 mm, L/D=40) at 150 °C (for PLA/TPS
melting). Fiber content in the composites ranged from 20 wt% up to 50 wt% in different
formulations - covering a broad spectrum from polymer-rich to fiber-rich recipes. The extruded
pellets were then used for making test specimens by injection molding (for dog-bone tensile bars)
or hot-pressing (for thin films, ~0.5 mm thick) depending on the required test. Throughout
compounding, we monitored torque and pressure to ensure the fiber dispersion was uniform and
avoid overheating (degradation of biomass can occur >200 °C).

Five candidate recipes were selected for thorough testing based on the ML system’s
recommendations (details in Results). These represented a variety of formulations, for example:
Recipe A - 30% straw fiber + 60% TPS/PLA + 10% additives; Recipe B - 50% straw fiber + 45%
TPS/PLA + 5% additives; Recipe C - 30% rice husk + 60% TPS/PLA + 10% additives; etc. Each recipe
was compounded and molded under identical conditions so that comparisons would be fair. We
also produced a control sample of neat PLA/TPS (0% agro-fiber) to serve as a baseline for property
improvement evaluation.

2.3 Machine learning model for recipe property prediction.

A supervised machine learning approach was used to develop predictive models linking composite
«recipe» parameters to material properties. The dataset for model training was assembled from
a combination of literature data and our own experimental results. We compiled ~120 data points
from published studies on starch or PLA composites with agricultural fibers (e.g., papers reporting
tensile strength, modulus, etc. for varying fiber loadings and types) (Lindsey et al., 2025). To this,
we added 25 data points from our preliminary experiments (including some results from the five
recipes above and additional trials to enrich the dataset). Each data point was characterized by
input features and output targets:

Input features (X) - fiber type (categorical: straw, husk, etc.), fiber content (%), polymer type (TPS,
PLA or blend ratio), additive types (binary flags for glycerol, wax, etc.), and process parameters if
applicable (e.g., mixing temperature, though we mostly fixed processing conditions). We also
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included key measured properties of the fiber itself (cellulose %, particle size) as input features,
assuming that different biomass sources have inherent differences.
Output targets (Y) - we focused on four primary properties: Tensile Strength (MPa), Young's
Modulus (elastic stiffness, MPa), Elongation at break (%), and Water Absorption (% increase in
mass at 24 h). These cover mechanical performance and a simple indicator of moisture resistance.
In later phases, we also modeled biodegradation rate (e.g., % mass loss in 90 days in compost),
but initial modeling concentrated on mechanical and moisture properties which are quicker to
obtain and critical for usability.
We experimented with several ML algorithms (linear regression, decision trees, random forest)
and ultimately chose an Artificial Neural Network (ANN) as our primary model due to its flexibility
in capturing nonlinear interactions among formulation variables (Lindsey et al., 2025). A feed-
forward neural network with 2 hidden layers (each with 32 neurons, RelLU activation) was
configured. We found this architecture sufficient given the size of our dataset. The model was
trained using a 5-fold cross-validation: achieving an average R? of 0.92 for tensile strength
prediction on validation folds, for example. Ensemble tree models (Random Forest) gave slightly
lower accuracy (R? = 0.85) but were useful for interpretability (we examined feature importance
rankings to see general trends, like fiber content being the dominant factor for strength as
expected).
To avoid overfitting on the relatively limited dataset (~145 samples), we employed regularization
(L2 weight decay in the ANN) and kept the network simple. We also augmented the dataset by
adding some synthetic noise to targets within the typical error range of experiments, which helps
the model generalize. Hyperparameters (learning rate, number of neurons) were optimized via
grid search guided by validation error. The final ANN model demonstrated predictive performance
as follows: for tensile strength, mean absolute error ~+1.5 MPa and R? = 0.93; for modulus, MAE
~+100 MPa (R? = 0.90); for elongation, MAE ~+0.5% (R? = 0.88); for water absorption, MAE ~+1.2%
(R? = 0.85). These accuracy levels were deemed acceptable for screening purposes - they capture
major trends (e.g., increasing fiber content raises strength but reduces elongation, in line with
known behavior) while slight discrepancies would be corrected in physical validation.
With the ANN serving as a surrogate model, we set up a multi-objective optimization routine to
propose candidate recipes. We particularly addressed two objectives: maximize tensile strength
(for durability) and minimize water absorption (for better usability), subject to the constraint that
biodegradation > 90% in 6 months (this constraint was implemented as a soft criterion based on
known behavior - generally, higher fiber content accelerates biodegradation). We used a genetic
algorithm (population size 50, 100 generations) where each individual’s «xchromosome» encoded
a recipe (fiber type, fiber fraction, etc.). Fitness was evaluated by a weighted sum: Fitness =
wq*(Strength/Strength_max) - w,*(Absorption/Absorption_max), with weights chosen to
emphasize strength slightly more. The top suggestions from the optimizer were reviewed to
ensure they were practical (e.g., not exceeding 50% fiber, since extremely high fiber might hinder
processing). These top recipes were then passed to the Digital Twin for further evaluation (see
Section 2.5).
2.4 Pilot production line and digital twin implementation
A pilot-scale production line was constructed to manufacture biodegradable packaging based on
the developed recipes. The line is modular, consisting of:

i) a fiber pre-processing unit (for drying and grinding agro-waste to consistent particle

size);
ii) a main twin-screw extruder (diameter 50 mm, L/D 36) for mixing biopolymer matrix
with fibers and additives - equipped with gravimetric feeders for precise dosing;
iii) a pelletizer to cut the extrudate into feed pellets;
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iv) a thermoforming station with a lab-scale platen press and mold set (for making items
like a clamshell food container and a cup lid, which we selected as representative
packaging products).

The extruder has multiple heating zones (setpoint ~140-160 °C for our materials) and is
instrumented with temperature and pressure sensors along the barrel. The thermoforming mold
for the clamshell container produces ~150 mm square tray/lid halves; it has controlled heating (to
ensure the biocomposite sheet is formable) and a pneumatic closing mechanism for 60 s forming
cycles.

All equipment in the line is loT-enabled: we attached wireless sensors (thermocouples, vibration
monitors on motors, humidity sensors in material hopper, etc.) that stream data to the BioPack
platform. These data streams were used both for real-time monitoring and to feed the digital twin
model. We developed the digital twin in AnyLogic as noted, with custom logic reflecting the physics
of extrusion and forming. The extruder sub-model, for instance, solves simplified transport
equations for solid conveying, melting and melt flow, and includes a kinetics model for starch
gelatinization and fiber degradation (to predict if fibers might thermally degrade at given settings).
We validated this sub-model by comparing its outputs (e.g., melt pressure and motor torque for a
given throughput) against actual extruder readings for the baseline recipe; results matched within
8% after tuning friction and heat transfer coefficients.

During operation, the digital twin ran in parallel with the physical line, receiving sensor inputs at
1 Hz frequency. We also ran offline simulations on the twin to test each new recipe under various
operating conditions virtually. For example, if the ML model suggested a recipe with 40% rice husk
in PLA, we would simulate extruding that recipe - adjusting the screw speed or temperature in the
simulation - to see if any issues (like excessive pressure or poor mixing) might occur. This informed
how we set the actual machine when we proceeded to the trial, thus acting as a safeguard.
Additionally, the twin can output virtual quality metrics such as an estimated tensile strength of
the product based on the processing conditions (it uses correlations from our data; e.g., too high
a shear might shorten fiber length and reduce strength). This feature was used by the QMS to
decide if a batch might be nonconforming before it's even completed, allowing pre-emptive
action.

2.5 Experimental characterization and validation

To validate the platform’s recommendations and the performance of developed materials, we
carried out a series of laboratory tests on the prototypes from the five selected recipes (A-E).
Standard test methods were followed to ensure results are reliable and comparable. Tensile
properties were measured using an Instron universal testing machine according to ASTM D638
(dog-bone specimens type V for plastics). At least 5 specimens per recipe were tested at 5 mm/min
pull speed. The QMS module automatically recorded the tensile data and compared it to the
model’s predictions for each sample.

Water absorption was tested by ASTM D570: samples were weighed, immersed in distilled water
at 23 °Cfor 24 hours, then surface-dried and weighed again. The percentage increase in mass was
recorded. This simulates how the material might behave if used with moist contents.
Biodegradability was assessed via two approaches: (i) a controlled composting test (following ISO
20200) where samples were incubated in a compost media at ~58 °C for 90 days, measuring %
mass loss over time; and (ii) a soil burial test at ambient conditions for a longer period (6 months)
for qualitative observation. The focus was on the composting results for quantification. We fit a
first-order decay model M(t) = Mo * exp(-k-t) to the mass loss data, to extract a degradation rate
constant k for each recipe. This allowed comparison of how recipe variations affect biodegradation
kinetics. All recipes showed >70% mass loss by 90 days (thus meeting typical standards for
compostability).
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Finally, to validate the digital twin’s accuracy, we instrumented the extruder and mold with extra
sensors during one of the recipe trial runs (Recipe B, 50% straw) - measuring things like the actual
residence time distribution via a tracer, and temperature of the polymer melt at die exit via an
embedded thermocouple probe. We then compared these with the twin’s simulated values. The
residence time distribution curve from the twin matched the experimental one closely (mean
residence time ~45 s in both, with only a slight broadening experimentally). The product thickness
and mass from the thermoforming stage differed by <3% between simulation and actual. These
tests built confidence that the twin can reliably predict outcomes for untried recipes (within the
range of our process settings).

All the above methods come together to provide a comprehensive approach: the ML model guides
recipe selection, the digital twin predicts processing feasibility, and lab/field tests close the loop
by verifying performance. Any discrepancies found (for instance, if a recipe underperforms vs.
prediction) are fed back as new data to improve the ML model and adjust simulation parameters,
embodying a learning cycle. In the next section, we present the results obtained from using this
platform, including the properties of the optimized packaging material recipes and the
performance of the digital system itself.

3. Results

3.1 Platform development and deployment

The BioPack Core digital platform was successfully implemented and deployed in our pilot facility.
The integrated system allowed researchers to remotely collaborate and iterate on packaging
material designs with unprecedented speed. A key outcome of this development is the
demonstration of an end-to-end digital thread for biopackaging R&D: from entering a raw
material’s properties into the database through to monitoring a formed product’s quality in
production, everything is linked and traceable. This section first reports on the validation of the
digital tools (Recipe Lab ML model and Digital Twin), followed by the optimized recipes and their
performance, and finally the production and quality results for pilot-scale manufacturing of the
selected biodegradable packaging products.

3.2 Validation of machine learning recipe predictor

After training, the ANN-based surrogate model described in Section 2.3 was evaluated against
independent test data. We set aside 15% of our collected dataset (unseen during training) as a
blind test. The model’s predictions showed strong agreement with experimental values: for tensile
strength, R%_test = 0.91 and root-mean-square error (RMSE) = 1.8 MPa. Figure 3 plots predicted
vs. measured tensile strength for both the test dataset and the five new recipes (A-E) we validated
in this study. The data points cluster close to the ideal parity line (y=x), indicating high predictive
accuracy. For the five new recipes, the model’s predictions were within 5-10% of the measured
values (e.g., Recipe A was predicted 26 MPa vs. experimentally 25 MPa; Recipe B predicted
32 MPavs. measured 30 MPa). Such accuracy is remarkable given the complexity of bio-composite
behavior and is comparable to results reported by Lindsey et al. (2025), who achieved <5% error
using ANN models for biopolymer film properties (Lindsey, 2025). The slight discrepancies
observed (e.g., Recipe D predicted 22 MPa vs. got 21 MPa) can be attributed to minor differences
in actual fiber dispersion or moisture content, factors which the model doesn’t explicitly «see» but
could affect outcomes. Nonetheless, the model proved reliable enough to serve as a screening
tool - no entirely wrong predictions (e.g., predicting high strength but getting a brittle failure)
occurred, which gave us confidence to use it for optimization.

The trained model’s internal parameters were examined using permutation feature importance
and partial dependence plots. Fiber content emerged as the most influential feature on tensile
strength (higher fiber % generally increased strength up to ~40%, beyond which benefits
plateaued or reversed due to poor matrix wetting). Fiber type also mattered: for instance, straw
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vs. husk, the model learned that straw (longer fibers) tends to give higher strength at equal loading
than husk (short particles) - aligning with known reinforcement theory (Lindsey et al., 2025).
Additive presence had nuanced effects; e.g., inclusion of wax was associated with slightly lower
water absorption predictions, as expected, while glycerol plasticizer flagged a trade-off: it
improved elongation but raised water uptake. These trends matched experimental understanding
and thus increased our trust in the model’s extrapolative power.

3.3 Digital twin simulation results

Prior to physical trials, the digital twin was used to simulate each candidate recipe’s processing on
the pilot line. The twin’s outputs provided several useful predictions:

a) Extruder load and feasibility. All recipes were predicted to be processable within the extruder’s
torque limit (max 80% torque at full throughput). Recipe B (50% straw) was the most demanding,
with simulated torque at ~75% of limit due to higher viscosity from the fiber load - still acceptable;
b) Melt Temperature. The twin predicted slightly higher melt temperatures for higher fiber
recipes, because fibers increase shear heating. Recipe B’s melt was ~165 °C simulated, vs ~155 °C
for Recipe A at the same screw speed. This warned us to possibly reduce heating zones for high
fiber runs to avoid degradation;

c) Product Quality. The twin estimated the thickness uniformity and internal stress for the
thermoformed container. For instance, it predicted Recipe C (rice husk composite) would have a
somewhat higher risk of tearing at corners of the container mold due to its lower elongation -
recommending we increase mold temperature by 5°C to improve material ductility during
forming. We followed these suggestions in the actual run.

To gauge accuracy, we compared select twin predictions with real trial data for one recipe (Recipe
B). The extruder energy consumption was predicted as 0.22 kWh/kg; measured was 0.25 kWh/kg
(approximately 13% higher). The difference might be because the twin does not fully capture all
inefficiencies (e.g., stop-start during feeding). Product mass (container piece weight) was
predicted 31.5 g vs. actual avg. 32.1g - a 1.8% difference. These results indicate the twin is
reasonably accurate and, more importantly, extremely useful for relative comparisons between
recipes or process settings. In practice, having the twin allowed us to debug and optimize runs
virtually, saving time and reducing material waste. For example, instead of physically trying
multiple temperatures and fiber moisture levels, we simulated them: the twin indicated that if
fiber moisture exceeded 12%, the extrudate would likely show bubbles (due to water vaporizing)
- so we ensured all fibers were dried below this level. Indeed, in actual trials we saw no foaming
issues, validating the twin’s preventive role.

3.4 Optimized biocomposite recipes

Using the ML model and optimization approach, we identified five top candidate recipes (A
through E) for different target use-cases. Table 1 summarizes their compositions and predicted
properties, alongside experimentally measured properties for comparison.
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Table 1. Optimized biodegradable packaging material recipes from agro-waste and their
performance. Each recipe’s composition is given in weight percent. Predicted properties are from
the ML model (ANN), and measured properties are from lab tests. TS = tensile strength, E = Young’s
modulus, € = elongation at break, WA = water absorption in 24 h, k = biodegradation rate constant
(in compost at 58 °C, per day).

composition TS(MPa) | E(MPa) £ (%) WA (%)
Recipe (wide) - [Agro—ﬂ!ler model > model = model > model = k(per day)
/ Polymer matrix / exp
Additives] eXp eXp eXp eXp
30% wheat straw
fiber; 60% TPS/PLA
1800 -
A (50/50); 10% 26 - 25 1700 45-50 12 513 0.020
(glycerol, wax,
CaC03)
50% wheat straw
fiber; 45% TPS/PLA 2500 =
B (30/70); 5% 32230 5400 3.0->2.8 1516 0.025
(glycerol,
compatibilizer)
30% rice husk
fiber; 60% TPS/PLA
1900 -
C (50/50); 10% 24 — 22 1850 3.8->4.0 11> 12 0.018
(glycerol, wax,
Zn0%*)
40% wheat straw
+ 10% rice husk; 2000
D 45% TPS/PLA 28 - 27 2100 4.0-> 3.7 10> 11 0.022
(60/40); 5%
(glycerol, clay*)
25% rice husk
fiber; 65% TPS/PLA 1700 =
E (40/60); 10% 23>21 1600 55-6.0 910 0.015
(glycerol, PBAT**
blend)

Notes: ZnO = zinc oxide (added to Recipe C for antimicrobial property); Clay = organoclay
nanoparticle (for Recipe D to improve barrier); PBAT = a biodegradable polyester blended with
PLA in Recipe E to improve flexibility. Biodegradation rate k was determined from compost tests;
higher k means faster degradation (for reference, Recipe B’s 0.025 day”-1 corresponds to ~90%
mass loss in 100 days).

Several observations can be made from these results.

Recipe B (high straw fiber) achieved the highest tensile strength (~30 MPa) and modulus
(~2.4 GPa) among the group, indicating significant reinforcement from the fiber - its strength is
over 5x higher than the neat TPS/PLA (which was ~5 MPa, not listed in table) and on par with some
conventional plastics like polyolefin foams. However, this came at the cost of lower elongation
(2.8%) and slightly higher water uptake (16%). Its biodegradation rate was also fastest (0.025 day”-
1), likely due to the high biomass content (more readily metabolized by microbes) - a positive for
end-of-life but it could shorten useful life if not properly managed (we observed in soil burial that
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Recipe B samples lost mechanical integrity after ~4 months, which is acceptable for disposable
packaging).

Recipe A and D represent more balanced designs: ~30-40% fiber, yielding moderate strength (25-
27 MPa) and decent elongation (~5%). Recipe A uses only straw whereas D uses a mix of straw and
husk and a bit of nanoclay; interestingly, Recipe D achieved the lowest water absorption (11%),
attributable to the plate-like clay improving barrier and the rice husk’s siliceous nature. Recipe C
(rice husk 30%) had slightly lower strength (22 MPa) than straw equivalents - consistent with fiber
morphology differences - but benefits from a smoother surface finish (husk being powdery yields
less surface roughness in product) and it includes ZnO for antimicrobial functionality which could
be useful for food packaging applications.

Recipe E was an alternative approach: incorporating PBAT (a flexible biopolymer) into the matrix
to improve toughness. It indeed had the highest elongation (~6%, double that of B), making it the
most ductile, though strength was the lowest (~21 MPa). This could be suitable for applications
needing more flexibility (like wraps or films), whereas B was targeted for rigid items.

Overall, the model predictions matched well with experiments as discussed - typically within ~5-
10%. Notably, every recipe’s actual performance met or exceeded the minimum requirements we
had set (we desired at least 20 MPa strength and <20% water absorption for a viable packaging
material). The iterative design approach proved effective: earlier in the project, without ML
guidance, our first trial recipes mostly had <15 MPa strength and >20% water uptake, which would
have been too weak or too moisture-sensitive. By using the intelligent recipe system, we rapidly
honed in on formulations that achieved a 5x improvement in strength and a ~50% reduction in
water uptake compared to those initial guesses, demonstrating the power of data-driven
optimization in materials R&D.

3.5 Pilot production and product testing.

With the optimized recipes, we proceeded to pilot-scale production runs on the integrated line
for two representative packaging products: a takeaway food container (using Recipe B, the high-
strength straw composite) and a drink cup lid (using Recipe A, the balanced straw composite).
These choices were made to cover a rigid packaging format and a semi-rigid/thin format,
respectively. The digital platform was actively used during these runs for monitoring and control.
For the container (clamshell) - Recipe B pellets were extruded into sheets (2 mm thick) which were
then thermoformed. We produced ~200 container halves in a continuous run. The QMS tracked
quality metrics on the fly. Figure 4a shows the trend of container weight over time during
production - it remained stable (within £2% of target 32 g per piece), indicating consistent material
feed and forming. The digital twin helped here: it predicted a slight drift in weight if the extruder
barrel temperatures dropped, so the control system made small pre-emptive adjustments,
keeping weight in control. Wall thickness of the containers was measured by an automated laser
gauge at 5 points; the average was 1.95 mm with COV (coefficient of variation) 4%. No visible
defects (warping, cracking) were found, and dimensional accuracy was good (the two halves
mated well for a closure). Mechanical testing on random samples from the run showed an average
top-load compression strength of 18 kg - comparable to commercial eco-friendly takeaway boxes.
The containers withstood hot water at 90 °C without deformation, thanks to the PLA content
giving heat resistance. They also composted fully in ~4 months in ambient compost conditions,
leaving only a small amount of inert silica (from straw ash). These results confirm that high-fiber
biocomposites can be processed in standard thermoforming operations to yield functional
packaging. Aninteresting note: towards the end of the run, the loT moisture sensor detected rising
humidity in the straw fiber feed (perhaps as the bottom of the feed bin was reached). The QMS
flagged this and the team decided to stop and reload dried fiber, preventing a potential batch
inconsistency - a good illustration of quality assurance via loT.
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We used Recipe A to produce ~100 lids (diameter 90 mm, typical coffee cup size) via injection
molding (since lids have a more intricate shape with a sipping hole, we used a small injection press
instead of thermoforming). The material flowed well in the mold, filling all details. The cycle time
was ~45 seconds per shot, slightly longer than for pure PLA due to the lower melt fluidity of the
fiber composite, but still efficient. The finished lids were light (approx 8 g each) and had a smooth
surface with minor natural fiber texture visible (which could be a marketing positive, indicating
natural content). Fit on paper cups was tested and found to be secure.

We performed a practical use test: pouring hot coffee (~85 °C) in a cup and capping it with our
biocomposite lid. The lid maintained integrity, softened slightly but did not deform for the duration
of consumption (~10 minutes), and no leaks were observed. After use, we buried some lids in
garden soil - they showed significant disintegration after 3 months (becoming brittle and
fracturing) and mostly disappeared in 6-8 months, confirming end-of-life biodegradability in real
conditions.

Throughout these pilot productions, the R&D Central Asia platform integration meant that data
and experiences were logged and instantly shared with our research partners. For instance,
scientists could monitor the digital twin’s dashboard remotely as the runs happened, and they
could see in real time how the material was behaving. This collaborative aspect accelerated
troubleshooting and knowledge dissemination. In one case, a partner researcher observing the
process remotely suggested a tweak in the cooling fan speed on the extruder (to prevent sheet
sticking) based on the data - which we applied promptly. This kind of cross-functional feedback
loop is rarely possible in traditional setups and showcased the benefit of the digital platform.

3.6 Comparison with conventional materials.

As a benchmark, we compared our best-performing biocomposite (Recipe B containers) with
conventional packaging materials. In terms of mechanical strength, Recipe B’s tensile strength
(~30 MPa) is approaching that of polypropylene (~30-35 MPa) and exceeding typical thermoplastic
starch-based plastic (~5-15 MPa). The stiffness (2.4 GPa) is actually higher than PP (~1.7 GPa),
owing to fiber reinforcement. However, elongation (~3%) is much lower than PP (which is >200%);
thus, our material is strong but brittle relative to petroleum plastics - a common trade-off in
biocomposites. For the intended use (rigid containers), this is acceptable. Water absorption of
~16% is obviously higher than virtually zero for plastics, meaning our containers cannot hold
liquids for extended times; they are more suited to dry or moderately moist foods and are meant
for short-term use. Importantly, on the sustainability front, our material is compostable (90%
degradation in ~3-4 months under compost conditions), whereas PP or PLA alone degrade much
slower (PLA takes >6 months to years in ambient). An LCA (life cycle assessment) is ongoing, but
preliminary estimates show a significant reduction in carbon footprint: manufacturing 1 kg of our
biopack material emits ~1.5 kg CO,-eq (mostly from energy usage), versus ~3 kg CO,-eq for 1 kg
of PET plastic. The avoidance of incinerating agro-waste (which would emit CO, and pollutants)
and offsetting of plastic production contribute to this benefit.

In summary, the results confirm that high-performance biodegradable packaging can be produced
from agro-waste, meeting functional requirements for certain applications. Moreover, the
integration of the digital platform was validated: the ML model effectively guided formulation
improvements, and the digital twin + 10T/QMS ensured that scaling up to pilot production was
smooth and quality was maintained. We encountered no batch rejections or major process upsets
during trials, which is somewhat uncommon when introducing new materials - we attribute this
success to the rigorous virtual testing and data-driven adjustments enabled by BioPack Core. The
next section discusses the broader implications of these findings, the novelty of our approach, and
potential future developments.
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4, Discussion

4.1 Scientific and technological novelty

This work demonstrates a novel convergence of green materials science with advanced digital
manufacturing technologies. The scientific originality lies in both the materials and the methods.
From a materials perspective, we established quantitative composition-structure-property
relationships for agro-waste based biocomposites and leveraged those insights to design recipes
that achieve mechanical properties on par with some conventional plastics. The integration of high
fiber fractions (40-50%) in a biodegradable matrix while retaining processability and decent
toughness is a noteworthy achievement; prior studies often topped out at ~30% fiber before
composites became too brittle or unprocessable (Lindsey et al., 2025). By carefully balancing fiber
type, fiber size, and using minor additives (like compatibilizers), we pushed that limit and
documented the resulting property improvements. We also introduced minor functional additives
(ZnO, nanoclay) to impart antimicrobial and barrier enhancements, respectively, demonstrating
the potential for multifunctional agro-waste packaging - an emerging research frontier (Bie et al.,
2025).

On the methodological side, the digital platform approach to materials development is a clear
innovation in this domain. Traditional development of biodegradable materials can be slow,
involving many lab iterations; in contrast, our IMRD (Integrated Materials R&D) platform enabled
rapid virtual screening and right-first-time experiments. The machine learning-driven recipe
design is an example of materials informatics applied to biopolymer composites, a relatively new
field. While ML has been used in polymer research (e.g., for polyamide or polyester design)
(Philomena et al., 2025), its application to natural fiber composites and packaging materials is still
nascent. We showed that an ANN model can learn from a heterogeneous set of data (combining
literature and new experiments) to become a useful predictive tool. The result was not just an
academic exercise; it delivered tangible outcomes - such as Recipe B - that outperformed what we
would likely have arrived at through intuition alone. This underscores a paradigm shifts wherein
data-driven models augment human expertise to explore complex formulation spaces more
efficiently (Lindsey et al., 2025).

The implementation of a digital twin for a biopolymer production line is, to our knowledge, the
first of its kind reported. Digital twins have been explored in discrete manufacturing and some
process industries, but literature on their use in polymer processing, especially for novel
biomaterials, is scarce. Our approach of tightly integrating the twin with real-time sensor data and
using it as a simulation testbed for untried recipes is a significant technological advance. It
effectively creates a virtual pilot plant that mirrors and guides the physical pilot plant. The benefit
is evident in how we managed to avoid processing pitfalls and achieve consistent quality on the
first try for new materials - something that normally would require multiple trial-and-error runs.
This validates claims in Industry 4.0 literature that digital twins can reduce development time and
risk by 30-50%. In our case, we indeed experienced a compressed development timeline:
approximately 6 months from project start to having validated prototypes, which is notably fast,
and we attribute this to the digital pipeline accelerating the iterative loop.

4.2 Theoretical and practical significance

The outcomes of this study have implications on several levels:

The data and models developed contribute to the fundamental understanding of bio-composite
behavior. For example, our ML model’s feature analysis quantitatively confirmed theories about
fiber reinforcement and its saturation point. It also highlighted interactions (like the effect of
plasticizer depends on fiber content) that can guide future material design theory. The successful
use of multi-objective optimization in recipe design demonstrates a methodological advance -
providing a framework that could be applied to other material systems (e.g., optimizing bioplastic
formulations for both strength and biodegradability). Additionally, the digital twin serves as a
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guasi-experimental tool to study the processing of biopolymers: we can vary parameters in
simulation to observe theoretical cause-effect (e.g., how does cooling rate affect crystallinity of
starch-based polymers, which then affects strength). These virtual experiments yield insights
without consuming resources. We also propose a predictive kinetic model for biodegradation (the
first-order rate constants for our recipes). While simplistic, these constants enrich the literature
by allowing comparison of degradation rates among different biocomposites. Such information is
valuable for developing more complex models of biodegradation that account for material
composition - a topic of theoretical interest for environmental polymer science.

Practically, our results demonstrate a pathway to sustainable industrial development. The creation
of a pilot plant integrated with a digital R&D platform can be seen as a prototype for smart, eco-
friendly manufacturing in emerging economies. The approach not only yields an eco-product
(biodegradable packaging) but does so in a way that builds digital capacity and innovation
ecosystem (via the R&D platform). For Central Asia, this positions the region at the forefront of
«green» materials coupled with Industry 4.0, potentially leapfrogging more established industries.
On a product level, the specific recipes developed could be immediately useful for producing items
like takeaway food containers, cup lids, etc., replacing plastic or styrofoam equivalents and thus
reducing plastic waste. Our best material (Recipe B) is competitive in performance for rigid
packaging, meaning it could find market adoption with minimal compromise by users. The
intelligent design system also means that if a customer or regulation demands a tweak (say a
certain property or using a different waste feedstock), we can rapidly respond by generating a new
optimized recipe - giving flexibility and responsiveness that is often lacking in materials
manufacturing.

Furthermore, the integration of loT and QMS in raw material supply (though not a focus of this
paper, we did implement moisture tracking in storage) ensures quality and consistency of input
agro-waste. This is a critical practical aspect because one of the industry’s hesitations with biomass
materials is variability. By showing that an loT-monitored supply chain can guarantee input quality
(e.g., moisture content below threshold, absence of contaminants), we address a key concern for
scaling production. This paves the way for a reliable network of agro-waste suppliers to feed such
biopackaging plants - essentially creating an upstream value chain for agricultural residues. This
has socio-economic implications too: farmers or agro-processors could gain extra revenue selling
their waste, and rural areas could see technology integration (sensors, contracts) ensuring waste
is efficiently collected and utilized.

4.3 Comparison with related work

Comparing our work to global efforts, we find both alignment and distinctiveness. In terms of
materials, many studies have explored biodegradable packaging from various wastes (banana
stems, pineapple leaf fiber, etc.) (Kossalbayev et al., 2025). Our results for mechanical properties
fall in the upper range of reported values for fiber-reinforced biopolymers. For instance, a study
by Tran et al. (2022) on vegetable fiber fillers achieved improved strength in starch foams
(Kossalbayev et al., 2025), but the absolute strengths were still below 15 MPa, whereas we
reached 30 MPa by using higher fiber content and PLA reinforcement. This indicates our approach
of hybrid matrix (TPS+PLA) with fiber was beneficial. Regarding barrier properties, our water
absorption ~10-16% is similar to other lignocellulosic composites; we note that advanced
strategies like nano-coatings (e.g., adding a thin hydrophobic layer) have been suggested to
further reduce moisture uptake - something we could incorporate in future iterations (perhaps
the platform could even handle the design of coatings as a next step).

Unique to our approach is the digital integration. Platforms like AgriStack in India and others have
been mentioned as digital infrastructure for agriculture, but those largely focus on data sharing
and maybe supply chain, not specifically on R&D and manufacturing integration. Our R&D Central
Asia platform, with the BioPack Core module, appears to be one of the first instances of a regional
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digital R&D platform in the materials manufacturing sector. It demonstrates how bringing
researchers and manufacturers onto a common digital system can cut development time and
improve innovation efficiency. In the academic literature, the closest comparisons are some
conceptual works on «smart labs» or cloud labs for materials, and isolated examples of using ML
in formulation. For instance, the another authors discussed how Industry 4.0 tech (Al, big data) is
creating new opportunities in food packaging (Hassoun et al., 2023), our work can be seen as a
concrete realization of those opportunities: we combined Al (for formulation) and loT/digital twin
(for manufacturing) to deliver a sustainable packaging solution.

Another comparison: a 2025 study by Peterson et al. reviewed digital twins in process engineering
and highlighted challenges like ensuring real-time accuracy and integrating with control systems.
We addressed some of those by our calibration and by linking the twin with actual control (closing
the loop with QMS interventions). This could serve as a case example in future discussions of digital
twin implementation.

4.4 Limitations and future work

Despite the promising outcomes, our study has certain limitations. First, the ML model, while
effective, was trained on a relatively small dataset. It interpolates well within the range of our data
(e.g., fiber content up to 50%, two fiber types, one matrix system). If we were to extrapolate
beyond - say, a completely new polymer or a very different fiber - the model might not be accurate.
Thus, one must retrain or expand the model’s knowledge base when new materials are
introduced. A related limitation is that our model currently considers mostly formulation variables
and not detailed process conditions as inputs (we kept process fairly constant). In future,
incorporating process parameters (like cooling rate or pressure) into the predictions could be
valuable, essentially merging material and process design in one ML framework.

Second, the digital twin, while powerful, is a simplified representation. Some complex phenomena
(like polymer-fiber chemical interactions, or long-term machine wear effects) are not captured.
We observed that over a long continuous run, the actual extruder torque slowly increased
(perhaps due to resin build-up on screws or minor wear), which the twin did not predict because
it doesn’t model equipment fatigue or fouling. Including such factors could further improve its
realism. Moreover, maintaining the twin requires effort - whenever we significantly change a
recipe or equipment, the twin needs re-calibration to ensure accuracy (which is a known challenge
in keeping digital twins «live» over time (Peterson et al., 2025).

From a materials perspective, while our composites work for certain uses, they might not for
others. For example, their moisture sensitivity means they cannot hold liquid water or be used in
high-humidity environments for long. Future work could explore surface coatings (e.g., a bio-based
hydrophobic coating) to improve this. Also, although we achieved good strength, the low
elongation is a concern if one needs a tougher material for say flexible films. Recipe E tried to
address that with PBAT blending; more research on polymer-polymer blending (maybe using the
ML to optimize multi-polymer matrices) could yield materials with a better toughness/strength
balance.

One intriguing future direction is to incorporate life-cycle analysis (LCA) and environmental
optimization into the platform. Currently, our ML optimization targets technical properties. But
what if we also quantified the carbon footprint or energy use of each recipe (different fibers have
different preprocessing energy, etc.)? We could then aim for recipes that are not just high-
performing but also lowest-carbon. This multi-criteria optimization (technical + environmental)
would elevate the platform to a holistic eco-design tool. Some initial thoughts on this were
mentioned in our proposal, aligning with national sustainability goals, but it remains to be
implemented.

Another future aspect is scaling up from pilot to full production. The pilot proved the concept, but
industrial scale will introduce new challenges (e.g., supply chain logistics of tons of agro-waste,
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larger equipment dynamics). We believe the digital approach will be even more critical there - for
instance, a scaled digital twin could help plan factory layout or throughput. But it will require
partnerships with industry to realize.

4.5 Broader impacts

The success of this project could have broader impacts by serving as a model for integrated
innovation in sustainable manufacturing. It showcases that developing countries or regions can
leap into advanced manufacturing by combining domain-specific research (like biomaterials) with
digital platforms that connect stakeholders. For the community of biodegradable materials, this
work provides a case study that marrying ML and digital twins to material development leads to
faster and better results, encouraging others to adopt similar interdisciplinary strategies (materials
scientists collaborating with data scientists and control engineers).

From a socio-economic lens, if adopted widely, high-tech production of bio-based packaging can
contribute to waste reduction (less burning of agro-residues, less plastic in landfills) and create
new green jobs (in operating these digitalized bioplastic facilities, in collecting and preprocessing
waste, etc.). It aligns with global sustainability objectives such as several UN Sustainable
Development Goals (responsible production, climate action (Lindsey et al., 2025). Our work
specifically answers calls in the literature for local solutions to plastic pollution and demonstrates
an actionable path: use local biomass, integrate cutting-edge tech, and innovate regionally. This
could inspire similar initiatives in other regions with agricultural economies, be it turning
sugarcane bagasse in Latin America or palm waste in Southeast Asia into packaging - all under a
digital umbrella that ensures efficiency.

In conclusion, the study validates that biodegradable packaging from agro-waste can be made not
only viable but competitive, when advanced R&D tools are employed. By integrating a digital
platform (encompassing ML-based design and digital twin-driven manufacturing) with material
science, we achieved a level of optimization and reliability unattainable by conventional means.
The approach yields materials with both theoretical significance (new knowledge and models) and
practical relevance (pilot-scale production of real products). It exemplifies a modern paradigm of
research and development for sustainable materials - one that is faster, smarter, and more
collaborative. We anticipate that as we and others build on this foundation, such high-tech, eco-
friendly manufacturing will move from pilot demonstrations to everyday industry, contributing to
a more circular and digital economy.

5. Conclusion

In this paper, we presented a comprehensive study on the development of biodegradable
packaging materials derived from agricultural waste, tightly coupled with a digital R&D and
manufacturing platform. We addressed two focal objectives: the establishment of the BioPack
Core digital platform (with a recipe lab, digital twin, and QMS) and the creation of an intelligent
recipe design system using agro-waste data and machine learning. The results confirmed that
integrating these digital tools into the materials development cycle markedly accelerates
innovation and improves outcomes. We successfully formulated high-strength biocomposites
using wheat straw and rice husk, achieving tensile strengths around 25-30 MPa and verified
compostability, thereby meeting practical requirements for packaging applications. The machine
learning models accurately predicted material properties and guided optimal formulations,
reducing the need for exhaustive physical trial-and-error. Concurrently, the digital twin of our pilot
production line enabled efficient scale-up, ensuring that the transition from lab to pilot plant was
smooth and under control, with real-time quality assurance via loT-enabled monitoring.

The work demonstrates scientific originality in the realm of materials informatics for biopolymers
and is one of the first examples of a digital twin applied to biodegradable material manufacturing.
Theoretical contributions include the predictive models for composite performance and
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biodegradation, as well as insights into the interplay of composition and process on material
properties. Practically, we delivered a validated pilot production of eco-friendly packaging
(containers and lids) that could directly replace some plastic products, illustrating a viable path to
commercialization. The integration of the R&D Central Asia digital platform ensures that this
innovation is not an isolated lab result but part of a collaborative, scalable ecosystem - positioning
it well for further development and adoption.

In closing, the study serves as a proof-of-concept that marrying Green Chemistry with Industry 4.0
tools yields powerful results. High-tech biodegradable packaging from agro-waste is not only
possible but can be rapidly realized and refined using digital platforms, benefiting both the
environment and the economy. Future efforts will extend this platform to new materials, larger
scales, and additional objectives (like environmental footprint minimization), but the success
reported here is a significant step towards smarter sustainable materials manufacturing. We
envision that approaches like ours will become standard in accelerating the transition from
laboratory discovery to real-world sustainable solutions.
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Introduction

Georgia is world famous for its unique Caucasian relict and endemic species of plant diversity.
Conifers, which are widely distributed throughout the country, form sacred groves, but
unfortunately for us, the main pests of spruce crops (bark eaters) are widespread in the forest-
covered areas, which pose a great threat to the ecosystem of coniferous forests and its economic
importance. In modern life, when a very big role is assigned to less damage to our surrounding
environment, it was necessary to reduce as much as possible the use of measures to fight against
harmful organisms that would harm the environment and all living organisms living in it, that's why
the integrated protection of plants came to the fore, the main essence of which is, the
management of harmful organisms not only by chemical means, but also by combining biological,
agro-technological and mechanical methods. Since the use of chemical means against crustaceans
does not give us the maximum result, due to the specifics of the pest's harmfulness, we decided
to start biological measures to fight against it, which provides for the reproduction of the biological
agent of crustaceans, Thanasimus formicarius, in laboratory conditions and its subsequent transfer
to areas covered by pests.

General description of the pest

Bark eaters (lat: Scolytinae) - are a group of beetles that are distinguished by special and specific
characteristics. They live, feed, grow, give birth and hibernate on a tree or under the bark of a
tree. Intotal, more than 750 species of bark beetles are known to scientists. The smallest individual
of them reaches at least 1 mm, and the largest one does not exceed 9 mm in size, but there are
crustacean insects of tropical species, the body size of which reaches 1.5 cm. These pests are
mainly distributed in the Northern Hemisphere and some species are introduced to Australia and
Africa. Many of them are pests of forest species, especially pine and spruce.
The bark-eating family (lpidae) common in forest groves is included in the wood-winged
(Coleoptera) squad, and the family is divided into three main groups:1. protein-eaters (Scolytini);
2. Lafnichamines (Hylesinini) and 3. true crustaceans (Ipini).
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All of them are similar to each other in terms of biological features and living conditions, but
they differ sharply from each other in terms of settlement and damage to different parts of plants,
as well as the morphological structure, size and shape of its body. They are generally considered
secondary pests because they are characterized by settlement on weakened or withering trees. If
the reproduction is massive, they can damage healthy trees and cause huge losses. Some species
of this pest are considered very serious and harmful individuals. In the conditions of Georgia, their
representative is the large spruce beetle (Dendrovtonus micans) and the six-toothed bark eater
(Ips sexdentatus). The harmful effects of the mentioned species are determined by the great scale
of Georgia.

Biology

In order to develop measures to fight crustaceans, it is necessary to know the terms and
specifics of the development of their generation. The egg phase lasts 10-20 days; The caterpillar
phase lasts 15-90 days; The pupal phase is 10-18 days, that is, it turns out that it takes 1-4 months
for one generation to fully develop. All this depends both on the type of individuals and how well
the environmental conditions are adapted to the needs of the perfect development of the pest.
Bark beetles begin flying in the spring, a phenomenon that lasts until late summer or late fall. They
start flying when the temperature reaches 14-16 °c. Most of the bark eaters fly once a year and
give one generation, but there are exceptional cases: for example, in 2025, according to our own
observation, in the forest groves of Samtskhe-Javakheti in Georgia, most species of bark eaters
managed to give two generations, and this was caused by unusually high temperature conditions
for the mentioned moment.
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During the flight and egging period, the female individual gnaws the entrance hole in the bark of
the tree, where she makes a mother passage, when the female beetle makes a passage, the male
then flies and fertilization takes place. After fertilization, the female beetle begins to dig out the
ovarian chambers on the right and left side of the mother passage, where it lays one egg in each
chamber, and then covers it with flour. Egg laying lasts up to a month. Larvae hatched from eggs
begin to help the saclet passages (some species of pests are an exception). After 30-90 days, the
now adult worm begins to make a cradle of the caterpillar where it will die. Beetles emerging from
the pupil gnaw the bark vertically and come out.

Distribution of crustaceans in Georgia

In Georgia, these pests were first observed in 1956, in Borjomi forestry, but according to
scientists, the pest has a longer history of appearing in our country. Today, the pest is widespread
in: Khashuri, Kareli, Kaspi, Kharagauli, Gori, Borjomi, Bakuriani, Akhaltsikhe, Aspindze, Adigeni,
Khulo, Baghdad, Tsageri, Oni, Lentekhi, Martvili, Ambrolauri and Chiaturi forest groves, a total of
120,000 hectares on the forest area. Based on the monitoring carried out by us, bark eaters also
spread in the territory of Guria, namely in the spruce groves of Bakhmaro and Gomi mountains.
Since the appearance of the pest, state structures have been actively involved in the development
and implementation of measures to combat harmful crustaceans, but as | mentioned above, due
to the peculiarities of the biological and life cycle of the pest, it was not possible to achieve great
and effective results, that's why in the last few years, the state has been paying great attention to
the fight against harmful crustaceans. Promotion of biological measures, namely from 2024:“
named after Adam Beridze LLC, soil, soil The diagnostic center for integrated protection of food
and plants was opened in Anaseuli” (Georgia, Guria, Ozurgeti). A forest entomophage laboratory
has been opened, which has been actively monitoring and evaluating the areas covered by the
pest throughout the country for 2 years, and most importantly, in laboratory conditions, the
biological agent of crustaceans, the ant beetle (Thanasimus formicarius) is being propagated and
transferred to heavily damaged forest groves as a result of the monitoring report.

General description of the ant beetle (Thanasimus formicarius)

Itis a 7-11 mm, medium-sized insect with a rather soft body but very strong jaws compared
to the body, which can properly injure individuals of any generation of crustaceans. This
entomophage is a widespread palearctic species. It is found both in the European part of the
former Soviet Union and in Asia. The ant beetle is characterized by high ecological plasticity, which
is why it easily penetrates into various biotopes. For example, based on our research, during the
period of mass reproduction of dendrocton in the Borjomi valley, the meeting of the ant beetle in
the passages made by the pest reaches 44%, and in new foci it is found up to 7%. The ant beetle
is characterized by a one-year generation. It winters in both the caterpillar and pupa and imago
phases, mainly hibernating in the bark-eating passages.

It is worth noting that insects of the predatory imago stage attack harmful insects when they begin
to settle on the tree, and predatory larvae actively move through the passages made by
crustaceans and greedily destroy individuals of any stage of the pest along the way. The bioagent
hunts many species of crustaceans, but for the most part it hates three main species: Tomicus
piniperda; T.minor; and Ips typographus...

From April to June, the female ant beetle lays up to 20-30, and sometimes up to 100 eggs in the
bark, near the exits of bark-eating beetles, so that after 8-11 days, the newly hatched larvae do
not have difficulty finding the target object. On average, 2-3 worms of an entomophagous insect
can destroy one complete family of crustaceans, which consists of 80 worms, which will bring very
positive results in the event of the final battle.
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Laboratory in Anaseuli, as | mentioned above, the forest entomophagous insect department has

been operating since 2024. Where an isolated area was allocated for the reproduction of the ant

beetle, which was provided with all the necessary equipment and equipment.
= -

It should also be noted that a third level biosafety box was allocated in the laboratory for the
mentioned work, where useful insect larvae are raised, under favorable temperature and humidity
conditions.

From May to the end of September 2024, weekly business trips were made to the Borjomi forest,
where specialists from the Anaseuli laboratory collected entomophagous insects and transported
them to the laboratory.

After the insects were transported, we would mate them and place them in an isolated
environment where they would be delayed for 7-8 days until no eggs were observed in these
containers. After 8 days, when eggs were observed in the container, we removed the insects of
the mentioned imago stage from the containers and returned them to the environment from
which we originally brought them.
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After 8-9 days of delay from the eggs, the larvae came out, which we transferred to the test tubes
intended for them, individually together with sawdust, and we placed them at a special
temperature, in complete darkness, in a separate box, for 25 days.

N ~ ‘\" ) ,..‘ . 4

After the expiration of the mentioned period, which was necessary to stop the larvae in the
laboratory, we transferred the biological agent to the area severely damaged by the pest, where
the trees damaged by crustaceans were selected and these larvae would be placed in the tree,

under the bark, in the amount of 1-2 pieces.
L RS e >
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Regarding the mentioned issue, work is suspended at this stage, due to unfavorable temperature
conditions in Georgia. It will be updated from May 2026 and will last until the end of September
this year. It is also noted that after the measures of the mentioned struggle, at least one decade
of work is required to obtain the results, and the mentioned case does not represent the work of
individual years. That is why we cannot talk widely about the results of the biological measures of
our fight against harmful crustaceans in the forest groves of Georgia.
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Abstract

The brown marmorated stink bug Halyomorpha halys is one of the most harmful invasive
agricultural pests in Georgia, causing significant damage to a wide range of crops. Intensive
reliance on chemical control has raised environmental concerns and highlighted the need for
sustainable pest management strategies. Integrate Pest Management (IPM) is an alternative to
chemical control against pest insects. In IPM biological control using egg parasitoids is one of
the effective methods. The egg parasitoid Trissolcus japonicus was first recorded in Georgia in
2022 and is considered an adventive established species. In 2025, approximately 30,000
individuals of T. japonicus were mass-reared under laboratory conditions and released into
selected field sites. Post-release monitoring confirmed successful establishment and parasitism
under natural conditions. The results indicate that egg parasitoids represent a viable and
environmentally safe tool for long-term management of H. halys in Georgia.

Keywords: Halyomorpha halys; invasive pests; biological control; egg parasitoids; Trissolcus
Jjaponicus; Georgia;

Introduction

The brown marmorated stink bug H. halys is a highly invasive pest that feeds on more than 300
plant species. In Georgia, it was first detected in 2015 and rapidly spread across the country,
causing serious economic losses. Long-term chemical control has proven problematic,
emphasizing the importance of sustainable biological control strategies.
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Current Status of Biological Control in Georgia

T. japonicus was first detected in Georgia in 2022 and is considered an adventive established
species, indicating natural establishment. This supports its suitability for biological control
programs.

Materials and Methods

Field monitoring was conducted using visual inspections and pheromone traps to attrect H.halys
and monitor its distribution. Laboratory colonies of H. halys were maintained under controlled
conditions, and egg masses were used for mass rearing of T. japonicus. The study was conducted
using a combined approach under both field and laboratory conditions, in accordance with
internationally accepted research methodologies.

Field studies: Under field conditions, the population density of the brown marmorated stink bug
was assessed using visual observations and pheromone-based attraction methods. Species-
specific pheromones were placed at selected locations according to a standard monitoring scheme
in combination with insect traps. The use of pheromones enabled more effective detection of the
population, collection of individuals, and quantitative assessment. Collected specimens were used
both for the establishment of laboratory colonies and for the mass rearing of egg parasitoids.To
detect egg parasitoids under natural conditions, frozen egg masses of H. halys were used. Egg
masses were stored at —18 °C for 24 hours, ensuring deactivation of the host embryo and
preventing larval development. Subsequently, frozen egg masses were placed at selected field
locations for a defined exposure period. After retrieval, egg masses were examined under
laboratory conditions to assess parasitoid emergence, species composition, and parasitism rates.

Laboratory studies: Laboratory colonies of H. halys were established and maintained under
controlled environmental conditions. T. japonicus were mass-reared under laboratory conditions
on fresh egg masses of H. halys and on frozen eggs as well and released into selected field sites.
Controlled releases of parasitoids were conducted under field conditions, followed by post-release
monitoring. Parasitism rates, dispersal dynamics, and indicators of establishment were assessed
after release. Data processing and analysis were performed using standard statistical methods.
Results and Discussion

Under laboratory conditions, parasitism rates of T. japonicus reached 83.12% on fresh egg masses
of H. halys and 80.72% on frozen eggs. A strong female-biased sex ratio was observed, indicating
high reproductive potential and suitability of the parasitoid for mass rearing and biological control
applications.In addition to T. japonicus field surveys revealed the presence of other egg parasitoid
species naturally associated with H. halys egg masses. These parasitoids were detected within the
pest’s distribution range, indicating a response of the local entomofauna to the invasion of H.
halys. Although their parasitism levels were generally lower compared to T. japonicus, their
presence plays an important role in the natural regulation of H. halys populations and represents
a valuable component of an integrated biological control strategy.

Conclusion
Egg parasitoids, particularly T. japonicus, show strong potential for sustainable biological control
of H. halys in Georgia.
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Introduction

Introduction

Boxwood (Buxus L., 1753) It is a genus of deciduous plants from the boxwood family. It is
a uniqgue plant. It is rare in the world to have a plant that is both evergreen and deciduous.
Boxwood is among these rare plants. In addition, it is one of the best green decorations. Common
boxwood as a shrub variety is widespread in almost all regions of Georgia - in Adjara, Guria,
Svaneti, Samegrelo, Racha and Imereti. It is also found in eastern Georgia ( K. 0. Ognwapus,
1959).

Boxwood is an evergreen deciduous tree or shrub. It grows to a height of 6-10 meters, lives
for more than 700 years. It blooms in April and May. It grows slowly. It reaches 5-7 meters in 100
years, it is excellent shade-tolerant. It grows as an understory. It thrives in bright locations. It
tolerates frosts of -20 and -22 ° C without damage.

Due to its many decorative qualities, it is widely used in gardening. It is used as valuable
curbs and living fences.

There are four main types of boxwood in Georgia : common, or evergreen, small-leaved,
Japanese, and Balearic boxwood. However, the dominant, leading species in Georgia is the
Colchian boxwood.

Colchian Boxwood (Buxus colchica Pojark., 1947) is an evergreen shrub or tree belonging
to the family Buxaceae (Buxaceae Dumort., 1822). It reaches a height of 18 m under good care. It
is a relict variety of boxwood from the Black Sea coast of Georgia. The main growing area of Buxus
colchica is located in the Mtirala National Park (Kobuleti Municipality, Adjara, Western Georgia).

The following fungi have been identified by the National Institute of Environmental Health
on boxwood plants:
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Name of the fungus Diseased plant organ(s) Time of disease
No. detection

Ascomycetes

Cylindrocladium buxicola
Henricot, 2002 =

1 | Calonectria pseudonaviculata Leaves, twigs, vascular May, June, July,
(Crous, J.Z. Groenew. et C.F. bundles August
Hill) L. Lombard, M.J. Wingf. et
Crous, 2010
Verticillium buxi (J.C. Schmidt ex Any time of year
2 | Link) Sacc. 1881= Leaves, twigs, vascular
Sesquicillium buxi W. Gams, bundles
1968
3 | Verticillium dahliae Klebahn, Root system, stems Any time of year
1913
Gloeosporium pachybasium
4 | Sacc., 1880 = Leaves May, June, July

Guignardia miribelii Aa, 1975

5 | Septoria phacidioides Desm., Leaves August , October
1846

6 | Pestalotiopsis guepinii (Desm.) Leaves June, July
Steyaert, 1949

7 | Alternaria alternata (Fr.) Keissl., Leaves July, August,
1912 September

8 | Cladosporium herbarum (Pers.) Leaves, twigs June, July, August,
Link, 1816 September

9 | Phyllosticta buxina Saccardo, Leaves June, July, August
1878

10 | Phomopsis buxi Hohn., 1920 = Leaves May, June, July,
Cytospora buxi Desm., 1848 September

11 | Ascochyta buxina Sacc. 1878 Leaves June, July, August

Research methods

In order to identify the fungi causing the main diseases of boxwood (Buxus), we conducted
field surveys in the subtropical zone of western Georgia, namely in the municipalities of Guria,
Samegrelo and Adjara, at different phenological phases of plant development. During the surveys,
the spread of the main diseases was recorded on individual boxwood plants and bushes.

Pure cultures of the fungus were isolated from the diseased samples. The development
of the fungus, its morphological and cultural properties were studied on various nutrient media:
agarized beer agar, potatoes with glucose and without glucose.

The formation and intensity of mycelium, conidiophores, sterigmas , spores were
observed. The fungi were identified using the appropriate methods . The genus and species of
fungi were identified using the appropriate methods.
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Classical — P. A. Saccardo, 1877- 1931; H. Klebahn, 1904; A. Allescher, 1901; G. Lindau,
1906; Sydov and Butler, 1913; F.L. Stevens, 1925; H. W. Bacunbesckuin n b. M. KapakyauH, 1950;
T. . Jobpospakosa, M. ®. JleToBa, /1. M. CtenaHos, M. K. Xoxpakos, 1956; and

Contemporary - Martin B. Ellis, J. Pamela Ellis, 1985, B. B. ®uaunos, /1. H. AHapees, H. B.
basmnuHckan, 1980, R. B. Streets, 1984; B. W. bunani, P. U. I'so3agak, WN. I'. Ckpunanb, 1989 o
Ziqing Yuan, 2017 essays.

Research results
Cylindrocladium buxicola Henricot, 2002 = Calonectria pseudonaviculata (Crous, JZ
Groenew. et CF Hill) L. Lombard, MJ Wingf. et Crous, 2010 - The fungus was first noted by us in
2012 on a boxwood plant brought from the Adjara zone.
The diseased plant shows browning of the leaves or black spots on the leaves. Narrow,
longitudinal black stripes on the stem. White flakes develop on the underside of the leaf, which
represent the mycelium and fruiting bodies of the fungus.

e

Photo 1. Fruiting of the fungus Cylindrocladium buxicola on a leaf
Infected shoots show black, elongated spots. The fungal mycelium spreads through the
vascular bundles of the plant. Infected leaves wither and fall off, as do the infected shoots, and
eventually the plant dies.
The fungus was inoculated from the stems and shoots of the diseased plant onto a beer-
agar medium. The fungus begins to develop as a white mycelium on the second day. The spores
of the fungus are elongated, cylindrical in shape, measuring 52-65 x 4-6 um.

R
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Photo 2. Spores of the fungus Cylindrocladium buxicola in pure culture

Verticillium buxi (J.C. Schmidt ex Link) Sacc. 1881 = Sesquicillium buxi W. Gams, 1968 -
the fungus was noted by us in the Anaseuli area of Ozurgeti municipality.
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Boxwood plants grown as trees show signs of leaf loss and wilting ( S. A. J. Tarr, 1972). Stem
and branch materials were taken from the diseased plant for examination. Transverse sections of
the stem and branches show cracking, cracking, and a dark grayish-brown color.

i .

Photo 3. Cross-section of a boxwood trunk and branches infected with the fungus Verticillium
buxi

A pinkish-brown powdery growth develops on the underside of infected leaves, which is

the fruiting body of the fungus (M. Daughtrey, D. Gilrein, M. Vescera, 2016).

Photo 4. Fruiting of the fungus Verticillium buxi on a leaf
The research materials were inoculated onto a beer-agar medium. The fungus begins to
develop 24 hours after inoculation. The fungus develops on the surface of the medium in the form
of white mycelium. The mycelium is attached to the surface of the medium, growing slowly.

e

Photo 5. Pure culture of the fungus Verticillium buxi 24 hours
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A 10-day-old pure mushroom culture reaches 8 cm. The mushroom mycelium takes on a
pinkish-purple color in most of the central part (B.O. Dodge,1944), forms knots, threads (L.
Beradze, |. Basilia, R. Takidze, E. Jakeli, G. Sajaia, 2024).

Photo 6. Pure culture of the fungus Verticillium buxi 10 days old
The fungus is characterized by strong sporulation, conidia are spherical, ellipsoidal,
cylindrical (elongated), equilateral, crescentic, with pointed and rounded ends, ovoid, ovoid,
where the basal ends are narrowed; unicellular or bicellular with one partition; size 6-8 x 2- 2.5

Conidiophores are erect, have twisted filaments, and are simple corymbs. The unicellular
branching consists of a main axis and phialides.
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Photo 8. Conidiophores of the fungus Verticillium buxi with spores

A branch is the lateral axis of a conidiophore, on which one or more phialides are located.
The arrangement of phialides is alternate (unilateral), opposite, or circular ( B. O. Dodge,
1944; B. B. dununos, /1. H. AH,u,peB, H. B. Ba3MJ'IVIHCKH, 1980).

L~
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Photo 9. Phialides located on the axis of the conidiophore of the fungus Verticillium buxi

Verticillium dahliae Klebahn, 1913 - the fungus was first noted by us in 2022, on the trunks
and branches of a boxwood plant brought from the botanical garden of the Dadiani Palace

Historical and Architectural Museum Complex in Zugdidi.
Dark discoloration and stem cracking were noted on the transverse section of the trunk

and branches of the diseased boxwood.
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Photo 10. Cross-section of a boxwood stem infected with the fungus Verticillium dahliae

We inoculated the diseased materials onto a beer-agar medium. The fungus develops as a
white, cottony, medium-height mycelium 2 days after inoculation. It is characterized by strong
sporulation. Conidia are unicellular, colorless, cylindrical or elongated, 6-7 x 3-3.5 um in size. The
substratum mycelium is burgundy ( Martin B. Ellis, J. Pamela Ellis, 1985; B. 1. bunai, P. N.I'Bo3aK,
M. T. Ckpunanb, 1989; L. Kanchaveli, 1987).

e e e R G
Photo 11. Mycelium of the fungus Verticillium dahliae with spores
Fungi of the genus Verticillium live in the rhizosphere of the soil, penetrate the plant
through the roots and root collar. Then they spread to the stem and branches of the plant, move
through the plant along vascular bundles, reach all organs of the plant and secrete toxins (L.
Beradze, 2020).

Toxins secreted by the fungus cause a violation of the osmotic pressure of plant cells,
poisoning the plant and damaging the vessels, which ultimately leads to wilting and drying of the
plant (L. Beradze, I. Basilia, E. Jakeli, R. Takidze, N. Guntadze, 2022; T. A. Llakaaze, 1959; H. W.
Mussell, 1973).
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LA SN RO -
Photo 12. Toxin secreted by the fungus Verticillium dahliae

The source of infection is fungal microsclerotia in plant debris and soil, which remain viable
for up to 3 years.

Gloeosporium pachybasium Sacc., 1880 = Guignardia miribelii Aa, 1975 - The fungus
develops on boxwood leaves and trunks as grayish spots, on which the pycnidial fruiting of the
fungus develops.

Photo 13. Pycnidial fruiting of the fungus Gloeosporium pachybasium on branches
The size of the spots is 0.5-1 cm. The spots are bordered by a brownish border.

Photo 14. Pycnidial fruiting of the fungus Gloeosporium pachybasium on a leaf
On the underside of the spot, the fruiting bodies of the fungus - pycnidia - develop, in the
form of small black dot-like fruiting bodies covered with epidermis.
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Photo 15. Pycnidium of the fungus Gloeosporium pachybasium
The sori are cylindrical, with rounded ends, colorless, with a granular content, measuring
16.8-22.4 x 6-7.5 um. Some spores have a large fat droplet.

AN
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Photo 16. Spores of the fungus GIoeosporiu pachybasium

Pestalotiopsis guepinii (Desm.) Steyaert, 1949 — infects boxwood leaves and shoots . The
disease is most common in June and July.

Dark gray spots of various sizes and shapes appear on diseased leaves. Spots that are
separated from the healthy part by a raised arch of yellowish or dark green color . On both the
upper and lower sides of the spot, the conidial fruiting of the fungus is developed in the form of
small black pads, which are still covered by the epidermis. As the conidia mature, the epidermis
breaks and the conidia fall off.

The fungus in pure culture is a white mycelium with filamentous hyphae of medium height.
The aerial mycelium is covered with small tower-like mounds, which represent fungal spore
clusters. Spores are produced in large quantities. The substrate mycelium is pinkish.

Conidia are 5-celled, 21-28 x 7.5-9 um in size. The head and last cell are colorless, the
middle 3 cells are brownish, the number of cilia is from 2 to 4, 30-33 um in size.
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Photo 17. Spores of the fungus Pestalotiopsis guepini

Cladosporium herbarum (Pers.) Link, 1816 - The fungus was noted on boxwood leaves and
shoots, which developed a brown spot that later developed an olive-colored scaly coating.

On artificial substrate, the mushroom colony is medium-high; the substrate is covered with
food. It is characterized by radial development. The substrate mycelium is turbid lilac. The
mycelium has a sharp shell, and when conidia are formed, it is characterized by granular content.

Photo 18. Fungus Cladosporium spp. with conidia ( Rubert B. Streets, 1984 )
Conidia are of various heights, with partitions, measuring 62-218 x 6-8 um. Conidia are
arranged singly or in chains on conidia. Conidia are ovoid, cylindrical or rounded in shape,
measuring 10-12 x 6-10 um. They are characterized by fatty inclusions. Conidia are 1-5-celled.

G

Photo 19. Mushroom Conidia of Cladosporium spp. ( Rubert B. Streets , 1984 )
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Alternaria alternata (Fr.) Keissl., 1912 - The fungus infects boxwood leaves. On infected
leaves, the fungus develops as a dark brownish spot, on which, in damp and rainy conditions, a
brownish velvety coating forms. It consists of conidia and conidia carriers.

The fungus develops in pure culture as a grayish-white, tall, mycelium. It is characterized
by the formation of mounds. The substratum mycelium is turbid lilac. It is characterized by
abundant sporulation.

Conidia brownish, ovoid or comb-shaped, beaded, 5-10-celled, with longitudinal and
transverse partitions, measuring 34-60 Xx 18-22 um. Conidia carriers - short, erect, brownish, cells
sharply definevd, measuring 58-80 Xx 6-8 um.

T e
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Photo 20. I\/chélium of the fungus Alternaria alternata wit

h conidia
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Septoria phacidioides Desm., 1846 - The fungus develops on boxwood leaves in the form
of whitish spots (A. B. Frank, 1896). Dot-like fruiting bodies develop on the spots, which are
pycnidial fruiting bodies of the fungus.

Pycnidia are 95-155 um in size, brown in color, and spherical in shape.

Photo 21. Pycnidium of the fungus Septoria spp. ( Rubert B. Streets, 1984 )
Conidia are 3-septate, colorless, straight or curved, measuring 22-47 x 3-4 um.
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Photo 22. Spores of the fungus Septoria spp. ( Rubert B. Streets, 1984 )

Phomopsis buxi Hohn., 1920 = Cytospora buxi Desm., 1848 - The fungus develops on
boxwood leaves in the form of grayish spots. The spot occupies 1/3 of the leaf in size.

-

--. pp—
Photo 23. Pycnidium of the fungus Phomopsis spp. in tissue ( Rubert B. Streets, 1984 )
On the upper and lower sides of the spot, there is a development of fruiting in the form of
black dots, covered with epidermis.
The pycnidium of the fungus is spherical, rounded in shape. Pycnospores emerge from the
pycnidium in a ribbon-like manner.

Photo 24. Pycnospores emerging from the pycnidium of the fungus Phomopsis spp.
( Rubert B. Streets, 1984)
Pycnidia are ovoid or oval in shape. Pycnidia are mostly developed on the upper side of the
spot under the epidermis. The dimensions of the pycnidiospores are 5-6 x 2.5-3 um.
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Photo 25. Pycnospores of the fungus Phomopsis spp. ( Rubert B. Streets, 1984)

Ascochyta buxina Sacc. 1878 - Rounded, brown spots of the fungus form on boxwood
leaves, surrounded by a thin, whitish ring.
Pycnidiums 90-110 um in size.

Photo 26. Pycnidium of the fungus Ascochyta spp. ( Rubert B. Streets, 1984)
The spores are cylindrical, measuring 8-14 x 1.5-2.4 um.

R

Photo 27. Pycnospores of the fungus Ascochyta spp. ( Rubert B. Streets, 1984)

Phyllosticta buxina Saccardo, 1878 - Round, mushroom-shaped spots develop on boxwood
leaves, which are first light brown and then gray. The spots are separated from the healthy part
by a dark brown or black border.

Pycnidiums are scattered on the surface of the stain. Pycnidiums are black, spherical in
shape, 105-116 um in size. Spores are elliptical, with rounded ends, colorless, 4-6 x 1-3 um in size.
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Photo 28. Pycnospores of the fungus Phylosticta spp .
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Abstract

The paper provides an analysis of the factors of negative impact of winds, their impact on
agricultural crops and soil conditions. As well as the laws of Georgia that regulate the granting of
the status of windbreaks. Where it is noted that the issue of the legal status, maintenance and
physical protection of windbreaks is acute throughout the territory of Georgia. Due to the political
and social disruptions that have developed in recent decades, as well as the non-existent
legislative base, windbreaks have been destroyed, whose role in the country's agriculture,
transpiration, recreation, biodiversity and land protection is very large. Today, information about
the ownership of windbreaks, the size of the areas of responsibility and the current state is
unknown.

Keywords: climate, wind, windbreak, transpiration, assimilation, fionas, upper wind. Windbreak.
Agroforestry, field shelter.

Wind is a component of climate and takes an essential part in the formation of weather conditions
of a place. Wind, as an ecological factor, has a very deep essential impact on the life activity of
living organisms and the state of their surrounding nature.

Fionas, or eastern (upper) dry winds, are of great importance for the Imereti region, which arise
as a result of the pressure difference between the eastern and western parts of the Likhi
Mountains. They are characterized by high temperatures and dryness, which leads to drying of the
soil, increased plant transpiration and, at the same time, reduced plant assimilation. Due to such
an effect of the wind, plant growth is limited, and the harvest is greatly reduced. Strong winds are
very frequent in Kutaisi and in the Rioni River plain in general. The negative impact of these winds
is especially great during droughts. Strong winds cause great harm to people, destroy crops of
agricultural crops.

The positive effect of winds on plants is that they contribute to the pollination of plants, the
transportation and distribution of seeds and fruits over long distances, and the dispersion of cold
and moist air is also carried out by the wind. The negative role of winds is more important, which
is manifested in its mechanical impact, such as uprooting of plants, constant shaking, bending,
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deformation of the stem. Strong winds sometimes carry away new shoots and the upper loose
part of the soil. It tears and damages the leaves. The wind causes the one-sided development of
plant branches. Where the plant is affected by winds, the roots of the plant develop more strongly
on the side from which the wind blows. And weaker on the opposite side. Wind reduces the plant's
ability to withstand frost and the effectiveness of frost protection. Wind dries out the soil and
plants, hinders the implementation of a number of agrotechnical measures, and reduces the
effectiveness of grafting due to drying out of the wound.

The wind not only breaks and digs up plants, but also shakes them. The swaying of the plant stem,
the stretching of the roots and the bending of the branches under the influence of the wind,
impede the transport of assimilation products through the stem-branches to the roots. This
prevents the development of new shoots and inhibits the growth of the plant in height.

The wind has a negative mechanical effect on the location of the plant; it removes and carries
away the top layer of soil, carries away the snow cover and contributes to the formation of
avalanches.

The wind has a negative effect on the subtropical plants common in our region, causing a decrease
in their yield, a deterioration in the quality of raw materials.

Winds have a great impact on the yield. They cause the withering of young branches and leaves,
the falling of flowers, buds and fruits.

Our observations over the years have shown that citrus plants grown near the windbreak retained
their leaves and fruits, while plants located far from the windbreak significantly reduced the
number of leaves and fruits.

Even more important is the negative effect of winds on annual crops, which causes them to break
and damage leaves.

All of the above negative phenomena related to wind action force a person to create an effective
system of measures to protect agricultural plants from winds. For Western Georgia, such a system
of measures is the arrangement of anti-erosion and windbreak strips. In this zone, the majority of
agricultural plots are located on mountain slopes, therefore, it is necessary to organize a wide
network of anti-erosion strips 20-25 meters wide and place them on slopes occupied by
agricultural crops. Horizontal afforestation of slopes is a very powerful factor in reducing soil
erosion and surface runoff. Anti-erosion strips can be created from both evergreen and deciduous
species of plants; plants should be used for planting on slopes with deep soils; cryptomeria,
cypress, Bichvinta pine, sedge, poplar, linden, persimmon, fig, oak, hornbeam, etc. In the
undergrowth - laurel, birch, linden, hawthorn, box, linden, etc.

In the subtropical zone of Western Georgia, in order to protect cultivated plants from winds,
windbreaks should be built, the direction of which should be perpendicular to the prevailing winds.
Here, the windbreak should be built mainly from evergreen forest species, which will protect the
plantations from hot and dry eastern winds in summer and from cold western and northwestern
winds in winter. For this purpose, wind-resistant, fast-growing and high-growing plants should be
selected. At the same time, they should not have common pests and diseases with the protected
plants, have high economic values and valuable wood, fruits or raw materials for technical
purposes. Such plants include cryptomeria, cypress, pines. It is also desirable to use eucalyptus in
windbreaks. The distance between the windbreaks depends on the strength and frequency of the
prevailing winds, and the characteristics of the protected culture. The distance between the plants
used as windbreaks varies from 100-500 meters, the width of the windbreak itself should be 8-10
meters.

The creation of both windbreaks and erosion control strips is a very laborious task and can only be
successfully implemented with the widespread use of mechanization.

It is worth noting that in recent years, due to the difficult social situation in the country, a certain
part of the population, in order to improve their economic situation, has chosen the path of
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barbaric exploitation of plant resources as a source of income, not sparing and mercilessly cutting
down forests planted by their ancestors, individual large-sized trees, and windbreaks of state
importance. The deplorable facts of encroachment on trees and plants continue to this day. If
society does not stand up to this process, the country is threatened with destruction, the
population will find itself in a dangerous and critical situation.

In recent times, adverse natural events, torrential rains, floods, droughts have become more
frequent. Due to the increase in the frequency of strong winds, there has been a danger of collapse
of buildings, the occurrence of avalanches and landslides, and even the threat of famine due to
prolonged droughts. Nature does not forgive us and takes revenge for our such aggressive actions.
This requires serious thought, we need to all mobilize to participate in the work of afforesting
barren areas and restoring damaged windbreaks. In the successful implementation of this noble
cause, along with the relevant services, production-institutions, students and a wide range of the
population should be widely involved.

The Georgian government has conducted important studies regarding windbreaks (field
shelterbelts) and adopted relevant laws. (Hopefully, they will be implemented).

A law was developed on the windbreak (field buffer) zone, Resolution 286 of June 16, 2021 (signed
by President S. Zurabishvili) regarding the registration, restoration, cultivation and management
of the status zone and the use of the windbreak zone. The purpose of this law is to determine the
legal status and management measures of the windbreak zone, protect it from wind erosion and
maintain its fertility, ensure the agricultural and microclimate environment, and preserve the
prevailing biodiversity of these crops.

OnJune 19, 2023, the Government of Georgia adopted Resolution N227 on the State Program for
the Restoration, Cultivation and Management of Windbreaks, in accordance with Article 22 of the
Law of Georgia (signed by Prime Minister Irakli Charibashvili).

The NGO "Sida" developed a draft law "On Field Buffer Strips", a working meeting was held at the
Ministry of Environmental Protection and Natural Resources, which was held within the
framework of "Forest Protection and Restoration" (Agroforestry). The meeting was attended by
specialists and experts in the field.

who noted that the issue of the legal status, maintenance and physical protection of windbreaks
is acute throughout the territory of Georgia. Due to the political and social disruptions that have
developed in recent decades, as well as the non-existent legislative base, windbreaks have been
destroyed, whose role in the country's agriculture, transpiration, recreation, biodiversity and land
protection is very large. Today, information about the ownership of windbreaks, the size of the
areas of responsibility and the current state is unknown.
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Abstract

The paper analyzes the negative impact of winds on agricultural crops and soil conditions, with
particular emphasis on the ecological role of windbreaks in the Imereti region of Western Georgia.
Special attention is given to the influence of strong dry eastern winds (fionas), which significantly
affect plant transpiration, assimilation processes, soil moisture, and crop productivity. The study
also reviews the legislative framework of Georgia regulating the legal status, restoration,
cultivation, and management of windbreaks. It is emphasized that, due to political and social
disruptions over recent decades and the absence of an effective legislative base, a large proportion
of windbreaks have been destroyed. As a result, information about their ownership, areas of
responsibility, and current condition remains largely unknown. The article highlights the
ecological, agricultural, and socio-economic importance of windbreaks and stresses the urgency
of their protection and restoration in the context of increasing climate-related risks.
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Introduction

Wind is an essential component of climate and plays a crucial role in the formation of local weather
conditions. As an ecological factor, wind has a profound influence on the life activity of living
organisms and the condition of their surrounding environment. Its impact is particularly significant
in agriculture, where both positive and negative effects directly affect crop productivity, soil
fertility, and ecosystem stability.

Climatic Characteristics of Winds in the Imereti Zone

Of particular importance for the Imereti region are fionas, or eastern (upper) dry winds, which
arise due to pressure differences between the eastern and western slopes of the Likhi Mountains.
These winds are characterized by high temperatures and low humidity, leading to rapid soil drying,
increased plant transpiration, and reduced assimilation processes. As a result, plant growth is
inhibited and crop yields are significantly reduced.

Strong winds are frequent in Kutaisi and throughout the Rioni River plain. Their negative impact
becomes especially pronounced during drought periods. In addition to agricultural damage, strong
winds pose risks to human safety and infrastructure.

Positive and Negative Effects of Wind on Plants

The positive effects of wind include:
e Facilitation of plant pollination;
e Transportation and dispersal of seeds and fruits over long distances;
e Redistribution of cold and moist air masses.

However, the negative effects of wind are more significant and diverse:
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e Mechanical damage, including uprooting, bending, deformation of stems, and breakage of
branches;
e Removal of young shoots and the upper loose soil layer;
e Tearing and damage of leaves;
e One-sided development of plant crowns and root systems, with stronger root growth on
the windward side and weaker development on the leeward side;
e Reduced resistance of plants to frost and decreased effectiveness of frost-protection
measures;
e Drying of soil and plant tissues, hindering agrotechnical operations;
e Reduced success of grafting due to desiccation of graft wounds.
Wind-induced shaking of plant stems leads to stretching of roots and bending of branches, which
disrupts the transport of assimilates from leaves to roots. This inhibits the formation of new shoots
and limits vertical plant growth.
Additionally, wind contributes to:
e Soil erosion by removing the fertile topsoil layer;
e Redistribution of snow cover;
e Formation of avalanches and landslides in mountainous areas.
Subtropical plants common to Western Georgia are particularly sensitive to wind stress, resulting
in reduced yields and deterioration of raw material quality. Winds also cause wilting of young
shoots and leaves, as well as the dropping of flowers, buds, and fruits.
Long-term observations show that citrus plants grown near windbreaks retain significantly more
leaves and fruits compared to plants located farther away. Annual crops are especially vulnerable,
as strong winds easily break stems and damage foliage.

Role of Windbreaks and Anti-Erosion Strips

The multitude of negative effects associated with wind necessitates the development of effective
protective measures for agricultural crops. In Western Georgia, such measures primarily include
the establishment of windbreaks and anti-erosion forest strips.

Most agricultural lands in this region are located on mountain slopes, making it essential to create
a dense network of anti-erosion strips 20—25 meters wide. These should be arranged horizontally
across slopes to reduce surface runoff and soil erosion. Horizontal afforestation is one of the most
effective means of stabilizing soils and protecting cultivated land.

Anti-erosion strips can be established using both evergreen and deciduous species. Suitable tree
species for deep soils include cryptomeria, cypress, Bichvinta pine, cedar, poplar, linden,
persimmon, fig, oak, and hornbeam. Recommended undergrowth species include laurel, birch,
linden, hawthorn, and boxwood.

Windbreaks in Subtropical Agriculture
In the subtropical zone of Western Georgia, windbreaks should be oriented perpendicular to
prevailing wind directions. Evergreen species are particularly effective, as they provide year-round
protection against hot, dry eastern winds in summer and cold western and northwestern winds in
winter.
Plant species selected for windbreaks should be:

e Wind-resistant, fast-growing, and tall;

e Free from common pests and diseases shared with protected crops;

e Economically valuable, providing timber, fruit, or technical raw materials.
Recommended species include cryptomeria, cypress, pine, and eucalyptus. The spacing between
windbreaks depends on wind strength, frequency, and crop characteristics and generally ranges
from 100 to 500 meters. The optimal width of windbreak belts is 8-10 meters.
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The establishment of windbreaks and erosion-control strips is a labor-intensive process and can
only be successfully implemented through the extensive use of mechanization.

Socio-Economic Challenges and Environmental Risks

In recent years, difficult social and economic conditions have led parts of the population to engage
in unsustainable exploitation of plant resources. Forests, individual large trees, and windbreaks of
national importance have been mercilessly cut down as sources of income. Such destructive
practices continue today and pose a serious threat to ecological stability.

If society fails to resist this process, the country faces severe environmental degradation, with
potential consequences including food insecurity, increased natural disasters, and declining living
conditions. Recent increases in extreme weather events—such as torrential rains, floods,
droughts, landslides, and avalanches—highlight the urgent need for action.

Nature responds harshly to irresponsible human activity. Therefore, it is essential to mobilize state
institutions, educational organizations, students, and the broader population to participate in
afforestation efforts and the restoration of damaged windbreaks.

Legislative Framework in Georgia
The Government of Georgia has undertaken significant steps to address windbreak conservation
and management. Notably:

e Resolution No. 286 of June 16, 2021, signed by President Salome Zurabishvili, established
the legal framework for the registration, restoration, cultivation, and management of
windbreak (field protection) zones. The law aims to protect these zones from wind
erosion, maintain soil fertility, improve agro-microclimatic conditions, and preserve
biodiversity.

e Resolution No. 227 of June 19, 2023, adopted by the Government of Georgia and signed
by Prime Minister Irakli Gharibashvili, approved the State Program for the Restoration,
Cultivation, and Management of Windbreaks in accordance with Article 22 of the Law of
Georgia.

Additionally, the NGO Sida developed a draft law “On Field Buffer Strips,” which was discussed at
a working meeting within the Ministry of Environmental Protection and Natural Resources under
the framework of “Forest Protection and Restoration” (Agroforestry). Experts emphasized that
the lack of clear legal status, maintenance mechanisms, and physical protection remains a critical
issue nationwide. Currently, reliable data on windbreak ownership, responsibility zones, and
condition is still unavailable.

Conclusion

Windbreaks play a vital ecological, agricultural, and social role in Georgia. Their restoration and
protection are essential for mitigating climate risks, preserving soil fertility, maintaining
biodiversity, and ensuring sustainable agricultural development. Effective implementation of
existing legislation, combined with public engagement and institutional cooperation, is crucial for
safeguarding these invaluable landscape elements.
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Abstract

The article is devoted to the analysis of the concepts of war and peace in Islam in their theological,
historical-cultural, and ideological dimensions. The key concepts of Islamic doctrine—jihad, dar al-
Islam, dar al-harb, sulh, and fithna—are examined in the context of the Qur’an, the Sunnah, and
classical Islamic legal tradition, as well as their transformation under the conditions of modernity
and postmodernity. Special attention is paid to distinguishing between traditional, fundamentalist,
and radical-sectarian interpretations of war and peace. The article demonstrates that Islam as a
religious system is not inherently militant, while radical interpretations are ideologically
conditioned and historically secondary phenomena.

Keywords: Islam, war and peace, jihad, Islamic theology, fundamentalism, radicalism, Sharia,
ummah.

INTRODUCTION

The problematics of war and peace occupy a central place in the religious and philosophical
systems of humanity, as they touch upon fundamental questions of human existence, justice, the
permissibility of violence, and the moral responsibility of both the individual and society. In all
world religions, these issues are conceptualized not only in ethical terms, but also in ontological
and social dimensions, serving as a crucial element of the normative regulation of human behavior.
Within the Islamic tradition, the problems of war and peace acquire particular significance due to
the syncretic nature of Islam, which integrates religious, legal, social, and political aspects of life
within a unified worldview system.

The relevance of this study is obycnosneHa both by the ongoing armed conflicts in regions of
traditional Islamic presence and by the persistent stereotype of Islam as a “religion of war” in
public and academic-journalistic discourse. This stereotype is actively reproduced in media and
political spaces and is often used for ideological and geopolitical purposes, despite the existence
within Islamic doctrine of well-developed concepts of peace, justice, contractual relations, and
strict limitations on violence. Such a reduction of a complex religious tradition to its radical
interpretations hinders an adequate understanding of both Islam itself and the nature of
contemporary conflicts.

The present article is based primarily on the dissertation research “Ideologemes and Concepts of
War and Peace in Islam”, as well as on classical Islamic sources—the Qur’an and the Sunnah—and
the works of Russian and foreign scholars of Islamic studies, philosophy, and religious studies. The
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aim of the study is a philosophical and religious-studies analysis of the concepts of war and peace
in Islam, with an emphasis on identifying their genesis, evolution, and modern interpretations in
the context of historical and sociocultural transformations.

The research employs comparative-historical, cultural, and hermeneutic methods, which make it
possible to examine the Islamic doctrine of war and peace as a dynamic system developing
through the interaction of religious norms, political realities, and cultural archetypes. This
approach allows not only for the reconstruction of traditional representations, but also for their
comparison with contemporary forms of religious consciousness and practice.

THEOLOGICAL FOUNDATIONS OF THE CONCEPTS OF WAR AND PEACE IN ISLAM
The Qur’an on War, Peace, and the Permissibility of Violence

The Qur’an, as the primary source of Islamic doctrine, contains multivalent and multilayered
provisions concerning war and peace. This is due both to the universalistic nature of its ethical
message and to the specific historical conditions under which the early Muslim community was
formed. On the one hand, the Qur’an includes verses that permit armed struggle; on the other, it
contains numerous calls for peace, patience, restraint, and unconditional respect for human life.
This endows the Islamic concept of war and peace with a fundamentally non-absolutist and
normatively restricted character.

One of the key principles of Qur'anic ethics is the limitation of permissible violence. Surah al-
Bagarah states: “Fight in the way of Allah those who fight you, but do not transgress; indeed, Allah
does not love transgressors” (Qur’an, 2:190). This verse not only emphasizes the defensive nature
of permissible warfare, but also introduces a clear moral and legal restriction on the use of force,
excluding aggression, revenge, and violence for its own sake.

Of particular importance is the Qur’anic affirmation of the sacred value of human life: “Whoever
kills a soul not in retaliation for a soul or for corruption upon the earth—it is as if he had killed all
mankind” (Qur’an, 5:32). In Islamic ethics, this verse is regarded as a universal moral principle that
brings Islam closer to other world religions in recognizing the absolute value of life and the
inadmissibility of arbitrary violence.

At the same time, the Qur’an explicitly affirms the priority of peace as the preferred state of social
relations: “And if they incline to peace, then incline to it” (Qur’an, 8:61). Thus, in Islamic doctrine
war is viewed not as a norm or an ideal, but as a forced and temporary condition, permissible only
in the absence of other means of protecting justice and communal order.

As emphasized in the study /deologemes and Concepts of War and Peace in Islam, Qur’anic
provisions on war and peace were formed under the specific historical circumstances of the early
Muslim community and therefore cannot be absolutized or detached from their socio-political
context (see: Ideologemes and Concepts of War and Peace in Islam, pp. 52—60).

The Concept of Jihad in the Theology of Traditional Islam

The concept of jihad (Arabic: slg= — “effort,” “striving”) occupies a central place in the Islamic
doctrine of war and peace and represents one of the most complex and interpretatively charged
categories of Islamic theology. In classical theology, jihad is understood primarily as a multilevel
religious and moral practice, encompassing both the believer’s inner spiritual striving and outward
activity aimed at protecting and preserving the Muslim community.

In the hadith tradition, a distinction is drawn between the so-called “greater jihad” (al-jihad al-
akbar)—the individual’s struggle against their own passions, sins, and moral vices—and the “lesser
jihad” (al-jihad al-asghar), which refers to the armed defense of the ummah. Although the
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authenticity of certain hadiths concerning the “greater jihad” is the subject of scholarly debate,
the distinction itself became firmly embedded in the Sufi, ethical, and philosophical traditions of
Islam, establishing the priority of inner moral self-perfection over external violence.

Classical Islamic legal thought emphasized that armed jihad is permissible only under strictly
defined conditions: the existence of a real threat to the Muslim community, legitimate political
leadership, observance of the norms of Sharia, as well as the principles of proportionality and
humanity. As noted in the dissertation research Ideologemes and Concepts of War and Peace in
Islam, “jihad was never regarded in traditional Islam as an end in itself or a permanent condition,
but functioned as an instrument for the protection of the religious and social order” (see:
Ideologemes and Concepts of War and Peace in Islam, pp. 61-68).

Within Sunni Islam, the major legal schools—the Hanafi, Shafi‘i, Maliki, and Hanbali—developed
largely similar approaches to regulating armed jihad. The killing of women, children, the elderly,
and monks, as well as the destruction of crops, dwellings, and sources of water, was categorically
prohibited. This brings the Islamic legal tradition closer to the fundamental principles of modern
international humanitarian law.

Thus, in traditional Islam, jihad functions primarily as an ethical and legal category subordinated
to the ideals of justice, responsibility, and peace, rather than as a universal or unconditional
justification for violence.

HISTORICAL AND CULTURAL CONCEPTS OF WAR AND PEACE IN ISLAM
Dar al-Islam and Dar al-Harb as Models of World Order

One of the key concepts of Islamic political and legal thought is the dichotomy of the world into
Dar al-Islam (“the Abode of Islam”) and Dar al-Harb (“the Abode of War”). This scheme took shape
in early medieval Islamic jurisprudence and reflected the real geopolitical conditions of the period
of Islamic conquests.

Dar al-Islam was understood as a space in which Sharia law was in force and the security of the
Muslim community was ensured. Dar al-Harb, by contrast, referred to territories lying outside the
Islamic legal order. However, as emphasized in the study /deologemes and Concepts of War and
Peace in Islam, this dichotomy was not absolute and allowed for the existence of intermediate
forms—treaty-based territories (Dar al-Sulh)—with which Muslims could maintain peaceful
relations (see: Ideologemes and Concepts of War and Peace in Islam, pp. 72—79).

Itis important to note that the division of the world into Dar al-Islam and Dar al-Harb was primarily
juridical and administrative rather than religious-existential in nature. It did not imply the
inevitability of permanent war, but rather functioned as a tool for regulating international
relations in the absence of a universal secular legal system.

Ghazawat, Sulh, and the Practice of Peace Treaties

The term ghazawat (Arabic: 893¢) in early Islamic tradition referred to military expeditions in which,
according to tradition, the Prophet Muhammad himself participated. Over time, the concept
acquired a broader meaning and became associated with armed struggle aimed at the defense
and spread of Islam.

At the same time, Islamic tradition developed a well-established practice of peace agreements
(sulh), which were regarded as a legitimate and preferable means of resolving conflicts. A
paradigmatic example is the Treaty of Hudaybiyyah (628 CE), concluded between the Muslims and
the Meccan Quraysh, which the Qur’an describes as a “clear victory” (Qur’an, 48:1).
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As rightly noted in the dissertation, “the practice of su/h demonstrates that the Islamic concept of
peace is not secondary or forced, but is embedded in the very structure of religious and political
thought” (Ideologemes and Concepts of War and Peace in Islam, pp. 85-90).

CONTEMPORARY INTERPRETATIONS OF THE CONCEPTS OF WAR AND PEACE IN ISLAM
Traditionalism and Modernist Approaches

In the contemporary Islamic world, diverse interpretations of the concepts of war and peace
coexist, reflecting both continuity with classical theology and legal tradition and attempts to adapt
them to the conditions of modernity and a globalizing world. This diversity of approaches is
obycnosneHo differences in historical experience, socio-political conditions, and cultural contexts
in which Muslim communities operate.

The traditionalist approach relies on the norms of classical figh, the authority of the Qur’an and
the Sunnah, and historically established models of relations between the Muslim community and
the external world. Within this framework, war is viewed as a forced and strictly limited means of
protecting the ummah, permissible only under specific religious and legal conditions, while peace
is recognized as the normative and preferred state of social order. Traditionalism proceeds from
the need to maintain a balance between religious norms and social stability, which excludes the
absolutization of violence and the arbitrary expansion of the concept of jihad.

Modernist currents in Islam, which emerged in the late nineteenth and early twentieth centuries,
sought to rethink the concepts of war and peace in the context of the colonial experience, national
liberation movements, and the formation of nation-states. Their representatives emphasized the
necessity of correlating classical Islamic norms with the realities of the modern world, including
the development of international law, human rights discourse, and intercivilizational dialogue. As
M. Hodgson noted, Islamic civilization originally developed as a “moral-normative system” in
which political violence was subject to ethical and legal restraint rather than sacralization
(Hodgson, M. G. S. The Venture of Islam, Vol. 1. Chicago, 1974, pp. 58-63).

In this context, Islamic modernists stressed the universalist potential of Islamic ethics, the
compatibility of Islam’s core principles with the norms of international humanitarian law, and the
need to abandon the literal transfer of medieval legal categories into contemporary realities. In
such interpretations, jihad is increasingly understood as a social and moral striving aimed at
achieving justice, societal development, and overcoming structural violence.

Fundamentalism and Radical-Sectarian Interpretations

Fundamentalist movements of the twentieth and twenty-first centuries have radically narrowed
and transformed the traditional understanding of the concepts of war and peace, placing armed
struggle at the center of religious practice. In such interpretations, jihad loses its multilevel and
ethical character, turning into a universal instrument of political mobilization and violence. G.
Kepel emphasizes that this transformation of jihad is primarily linked to crises of modernity,
postcolonial frustration, and socio-political marginalization, rather than to the logic of classical
Islamic theology (Kepel, G. Jihad: The Trail of Political Islam. Cambridge, 2002, pp. 24-31).
Fundamentalism is characterized by a literalist reading of Qur’anic texts, the rejection of the
historical context of their revelation, and the absolutization of the dichotomy between “believers”
and “unbelievers.” As a result, religious categories acquire an ideological character, while the
complex system of Islamic legal and ethical thought is reduced to a set of slogans and
prescriptions.
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Particularly destructive are radical-sectarian interpretations, within which jihad is often
proclaimed the “sixth pillar of Islam,” and terrorism is presented as a form of religious service. The
principle of takfiris employed to legitimize violence not only against non-Muslims, but also against
Muslims who do not share the ideology of radical groups. As emphasized in the study /deologemes
and Concepts of War and Peace in Islam, such approaches are anti-systemic in nature and
undermine the foundations of Islamic civilization from within, destroying its legal, ethical, and
spiritual integrity (see: Ideologemes and Concepts of War and Peace in Islam, pp. 123—-135).

The Peacebuilding Potential of Islam and International Security

Alongside radical interpretations, contemporary Islam is also witnessing the active development
of a peacebuilding trend oriented toward civilizational dialogue, conflict prevention, and the
protection of human rights. The Islamic concept of peace is grounded in the principles of justice
(‘adl), mercy (rahma), and human responsibility as God’s vicegerent on earth (khalifa), which gives
it a pronounced ethical and universalist dimension.

An important role in shaping the peacebuilding agenda is played by international Islamic
organizations such as the Organisation of Islamic Cooperation (OIC), the Islamic World
Educational, Scientific and Cultural Organization (ICESCO), as well as numerous non-governmental
initiatives. Their activities are aimed at the settlement of regional conflicts, humanitarian
assistance, the development of education, and countering religious extremism.

Contemporary Muslim theologians and philosophers emphasize that Islamic ethics of war and
peace can be integrated into the system of international relations as a source of normative
restraints on violence and as a foundation for interreligious and intercultural cooperation. John L.
Esposito notes that most Muslim societies understand jihad primarily as moral striving and a
struggle for social justice rather than as an instrument of expansion or domination (Esposito, J. L.
Islam: The Straight Path. Oxford, 2011, pp. 93-101).

In this context, Islam appears not as a factor of inevitable conflict, but as a potential resource for
sustainable peace—capable of contributing to the formation of a global ethic of nonviolence and
responsibility amid contemporary international challenges.

A COMPARATIVE ANALYSIS OF THE CONCEPTS OF WAR AND PEACE IN CHRISTIANITY, ISLAM, AND
FAR EASTERN RELIGIONS

War and Peace in the Christian Tradition

The Christian concept of war and peace developed in a tense dialogue between the Gospel ideal
of nonviolence and the historical necessity of political and social protection for Christian
communities. In the New Testament, a radical ethic of love and nonresistance to evil by violence
predominates, expressed most vividly in the Sermon on the Mount: “Love your enemies... and pray
for those who persecute you” (Matthew 5:44). Early Christianity, existing under conditions of
persecution, regarded war as a manifestation of the sinfulness of the fallen world and peace as
the highest form of God-pleasing, eschatologically oriented life.

The situation changes from the fourth century onward, after the Christianization of the Roman
Empire, when the Church faced the need to conceptualize legitimate violence within the context
of state power. In this period, the doctrine of “just war” (bellum iustum) takes shape, most
consistently elaborated by Augustine of Hippo. In his view, war is permissible only under three key
conditions: legitimate authority, a just cause, and a right intention aimed not at revenge or gain,
but at the restoration of order and peace (Augustine, De Civitate Dei, XIX, 7-15).

355



Proceedings of the 12th International Scientific Conference

Thomas Aquinas further developed Augustine’s concept within scholastic theology, emphasizing
that even a just war remains morally problematic and is justified solely as a means of restoring a
just peace (Summa Theologica, II-ll, g. 40, a. 1). Thus, in Christianity war is conceived as a
necessary evil, permissible in the conditions of a fallen world, whereas peace functions as a
normative and eschatological ideal associated with the Kingdom of God.

The Islamic Model: The Normativity of Peace and the Restriction of War

In the Islamic tradition, as shown above, peace (sulh, salam) is likewise the preferred and
normative state of social relations, whereas war is permissible only within strictly defined legal
and ethical boundaries. Unlike Christianity, Islam from the very beginning formed not only as a
religion but also as a communal legal order, which led to an earlier and more detailed juridical
regulation of war and violence.

The Islamic concept of war and peace rests on a combination of religious, legal, and ethical norms
3aKkpennéHHbix in the Qur'an, the Sunnah, and classical figh. War is permitted as a means of
defending the ummah, restoring justice, and preventing “corruption on earth,” yet it is subject to
strict restrictions concerning both the aims and the means of conducting hostilities. In this sense,
the Islamic tradition demonstrates functional similarity to the Christian doctrine of just war, while
differing in its more developed legal detail.

As B. S. Erasov notes, Islamic civilization developed an “orthopraxic model of religion in which
violence is subject to juridical and ethical control rather than sacralization” (Erasov, B. S. Social
Cultural Studies. Moscow, 2000, pp. 312—-318). War in Islam does not acquire a sacred status in
and of itself and is not treated as a religious ideal; peace, by contrast, is understood as the
condition most consistent with the divine plan and social harmony.

Far Eastern Religions: Confucianism, Daoism, and Buddhism

In Far Eastern religious and philosophical traditions, the concepts of war and peace are formed
within a different ontological and ethical paradigm than that of monotheistic models. Here, the
emphasis shifts from normative-legal regulation of violence to cosmological harmony, moral self-
cultivation, and the inner transformation of the individual.

Confucianism views war primarily as a sign of a disruption of harmony (hé) and moral order in
society. Social stability and peace are achieved not through military force, but through the moral
perfection of rulers and subjects alike. Confucius emphasized that “the noble man seeks harmony,
not discord” (Analects, XllI, 23), thereby linking peace to the ethics of duty and ritual order (//).
The Daoist tradition is characterized by a radically anti-militarist orientation. In the Dao De Jing,
war and weapons are regarded as an ultimate evil and as signs of deviation from the Dao: “Fine
weapons are instruments of misfortune; all creatures detest them” (Dao De Jing, ch. 31). Peace is
understood here as the natural state of the world arising from adherence to the principle of wu
wéi (non-action), whereas war appears as a symptom of cosmic imbalance.

Buddhism, in turn, is grounded in the principle of ahimsa—non-harm toward all living beings—
which possesses not only an ethical but also an ontological dimension. Although the historical
practice of Buddhist states has not always conformed to this ideal, the normative doctrine of
Buddhism is consistently oriented toward nonviolence, compassion (karuna), and liberation from
suffering, both individual and collective (Eliade, M. A History of Religious Ideas, Vol. 2. Chicago,
1984, pp. 56-61).

356



«Scientific Research and Experimental Development» (January 22-23, 2026). London, England || |Gl

Comparative Conclusions

Comparative analysis demonstrates that in all the religious traditions examined, peace functions
as a normative and value-prioritized state, while war is conceptualized as a forced, limited, and
morally problematic phenomenon. Differences among the traditions concern not so much the
evaluation of war itself as the ways in which it is normatively restricted, institutionalized, and
philosophically interpreted.

Christianity and Islam primarily develop ethical and legal models for limiting violence, whereas Far
Eastern religions focus on cosmological harmony and the inner moral transformation of the
human being. Taken together, these approaches form a rich interreligious resource for reflecting
on war and peace in the context of contemporary global challenges.

ECUMENISM AND INTERRELIGIOUS DIALOGUE AS PATHS TO THE AFFIRMATION OF PEACE
Theological Foundations of Interreligious Dialogue

The idea of interreligious dialogue as a means of affirming peace is rooted in the theological
traditions of the world’s religions and is based on the recognition of the universal value of the
human person, moral responsibility, and the shared human aspiration for justice and peace. In the
religious dimension, dialogue is not merely a form of communication, but a distinctive ethical
stance that presupposes respect for the Other while preserving one’s own identity.

In Christianity, the theological foundation of interreligious dialogue is linked to a universalist
understanding of love (agapé) and the dignity of every human being as created in the image and
likeness of God. In the Sermon on the Mount, peacemaking is elevated to the level of a religious
ideal: “Blessed are the peacemakers, for they shall be called sons of God” (Matthew 5:9). This
principle establishes a normative framework for the Christian approach to conflict, prioritizing
reconciliation, forgiveness, and the rejection of violence as a means of resolving disputes.

An important stage in the institutionalization of this stance was the Second Vatican Council of the
Catholic Church, where the declaration Nostra Aetate recognized interreligious dialogue as one of
the key instruments for conflict prevention and peacebuilding. The Council emphasized the need
for respectful attitudes toward other religions and acknowledged the presence within them of
“rays of truth,” marking a fundamental shift from a confrontational model to one of dialogue
(Nostra Aetate, §2).

In the Islamic tradition, the theological foundation of dialogue is expressed in the recognition of
religious and cultural diversity as part of the divine plan. The Qur’an states: “O mankind! Indeed,
We created you from a male and a female and made you peoples and tribes that you may know
one another” (Qur’an, 49:13). This verse is interpreted by many contemporary Muslim theologians
as an injunction toward peaceful coexistence, mutual understanding, and cooperation among
different religious and cultural communities.

An additional normative foundation for interreligious dialogue in Islam is the principle of freedom
of belief: “There is no compulsion in religion” (Qur'an, 2:256). This principle excludes the
legitimation of forced conversion and establishes a framework for voluntary and responsible
religious choice, making dialogue not only possible but religiously justified.

In a generalized form, the theological significance of interreligious dialogue was articulated by
Hans King in his now-classic thesis: “There will be no peace among the nations without peace
among the religions” (Kiing, H. Global Responsibility. London, 1991, pp. 15-18). This formulation
underscores the structural interconnection between religious conflicts and global security and has
become a conceptual foundation for many interreligious initiatives of the late twentieth and early
twenty-first centuries.
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Institutional Forms of Ecumenism and Dialogue

The ecumenical movement in Christianity and interreligious dialogue platforms more broadly
acquired institutional form in the second half of the twentieth century, largely as a result of the
experience of world wars, decolonization, and the growth of global interdependence. Under these
conditions, religions increasingly came to be seen not only as potential sources of conflict, but also
as important resources for peacebuilding.

Key institutional forms of dialogue include the World Council of Churches, the Parliament of the
World’s Religions, UNESCO’s interreligious programs, as well as the activities of the Organisation
of Islamic Cooperation and its affiliated cultural and educational structures. These platforms
contribute to the formation of a shared language for discussing issues of war, peace, social justice,
and global ethics.

A philosophical and religious-studies interpretation of these processes was proposed by John Hick,
who emphasized that genuine interreligious dialogue promotes the “de-absolutization of
confessional claims without the loss of religious identity” (Hick, J. An Interpretation of Religion.
New Haven, 1989, pp. 240—-245). In this context, dialogue does not imply syncretism or the erosion
of doctrinal differences, but rather constitutes a form of responsible coexistence grounded in
mutual recognition and ethical solidarity.

Thus, ecumenism and interreligious dialogue may be regarded as important elements of a
contemporary strategy for the affirmation of peace, capable of reducing the conflict potential of
religious differences and transforming them into a resource for cooperation. Their effectiveness,
however, directly depends on the ability of religious communities to resist the politicization of
faith and radical interpretations that replace the logic of dialogue with that of confrontation.

FORECASTING THE FUTURE INTERACTION OF RELIGIONS: PEACE OR WAR?
Scenarios of Conflict: Religion and Global Challenges

In contemporary academic, political, and philosophical thought, the thesis of the potential—or
even inevitable—conflict-prone nature of religion under conditions of globalization is frequently
articulated. Increased migration, cultural hybridization, the crisis of the nation-state, and the
weakening of traditional forms of identity are often interpreted as factors that intensify religious
self-identification and, at the same time, interreligious tensions. In this context, religion is
perceived as a marker of civilizational difference and a symbol of collective identity.

The most well-known conceptualization of this approach is the “clash of civilizations” theory
proposed by Samuel Huntington, who regarded religion as one of the key factors of future global
conflicts (Huntington, S. The Clash of Civilizations. New York, 1996, pp. 47-52). According to this
model, religious differences are seen as more stable and mobilizing than ideological or economic
ones, allegedly making conflicts based on religion particularly acute and difficult to resolve.
However, this approach has been subjected to serious and well-founded criticism for its
reductionism and its neglect of the internal diversity of religious traditions. Critics of Huntington
point out that he effectively equates religion with political identity, ignoring the distinction
between religious faith, theology, and their ideologized interpretations. Moreover, within the
same religious tradition, both peace-oriented and radical currents may coexist, making it
impossible to attribute an inherently conflictual function to religion as such.

Contemporary research increasingly demonstrates that religion most often acts not as the root
cause of conflicts, but as a symbolic and mobilizing resource used in situations of socio-economic
crisis, political instability, and identity breakdown. In this sense, the risk of so-called “religious
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wars” is primarily associated with processes of marginalization, inequality, erosion of social trust,
and the instrumentalization of religious symbols by political actors. Religion thus becomes the
language of conflict, but not its fundamental cause.

Scenarios of Peace: Global Ethics and the Responsibility of Religions

An alternative scenario for the development of interreligious interaction envisages a
strengthening of the role of religions as bearers of global ethics and as sources of normative
constraints on violence. In the context of the crisis of secular ideologies and the weakening of
universalist projects of modernity, religions are increasingly viewed as potential agents in the
formation of transnational moral orientations capable of transcending cultural and civilizational
boundaries.

One of the most influential concepts in this direction is the idea of a “global ethic” developed by
Hans King and his followers. According to this concept, despite their doctrinal differences, the
world’s religions share a basic set of universal moral principles, such as nonviolence, justice,
solidarity, respect for human dignity, and responsibility for the future of humanity (King, H. A
Global Ethic for Global Politics and Economics. Oxford, 1997, pp. 29-35). These principles can serve
as the foundation for a global moral consensus in a pluralistic world.

In this context, Islam, Christianity, and the religions of the Far East possess significant
peacebuilding potential. The Islamic concept of justice and human responsibility as God’s
vicegerent on earth, the Christian ethic of love and reconciliation, and the Far Eastern ideas of
harmony and nonviolence together form a powerful interreligious resource for conflict prevention
and the cultivation of a culture of peace.

Thus, the future of interreligious interaction depends less on doctrinal differences than on the
ability of religious communities and their leaders to resist the politicization of faith, extremist
interpretations, and the reduction of religion to an ideological instrument. If dialogical, ethical,
and peace-oriented interpretations prevail, religions may become an important factor of
sustainable peace and global security. Otherwise—if trends toward radicalization and
instrumentalization persist—they risk being drawn into new forms of conflict in which religious
language merely masks contradictions that are non-religious in nature.

RESULTS AND CONCLUSION

The analysis conducted allows us to conclude that the concepts of war and peace in Islam
constitute a complex, dynamic, and multidimensional system formed through the interaction of
theological, legal, ethical, and cultural-historical factors. Contrary to widespread stereotypes,
traditional Islam does not absolutize war nor regard it as a normative or desirable state of social
relations. On the contrary, war in Islamic doctrine is conceived as a forced and temporary measure,
permissible only within strictly defined limits and subject to rigorous moral and legal constraints.
An examination of classical sources—the Qur’an, the Sunnah, and figh—demonstrates that peace
(salam, sulh) in Islam is not a secondary concession to circumstances, but a value-prioritized state
most consistent with the divine plan and social harmony. The concept of jihad, in its traditional
understanding, is primarily an ethical and moral category oriented toward inner spiritual striving,
social responsibility, and the defense of a just order, rather than a universal justification for
violence.

Radical interpretations of war and jihad that emerged in the twentieth and twenty-first centuries
are the result of modern ideological, political, and socio-cultural distortions rather than an organic
continuation of the Islamic theological tradition. Their emergence and spread are closely linked to
socio-economic crises, postcolonial frustration, geopolitical conflicts, and identity crises under
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conditions of globalization. In these interpretations, religion loses its ethical and spiritual meaning,
becoming an instrument of political mobilization and violence.

A comparative analysis of Islamic, Christian, and Far Eastern religious traditions shows that, despite
differences in ontological and cultural foundations, all converge in recognizing peace as a
normative and value-prioritized state, while war is understood as a morally problematic and
limited phenomenon. Differences among the traditions concern not so much the evaluation of
war itself as the ways in which it is normatively constrained, institutionalized, and philosophically
interpreted—from the ethical-legal models of the monotheistic religions to the cosmological and
moral harmony emphasized in Far Eastern teachings.

Of particular importance in contemporary conditions is the development of ecumenism and
interreligious dialogue as a response to the global challenges of war, extremism, and cultural
fragmentation. Possessing significant moral authority and symbolic resources, religions can
function not as sources of conflict, but as important factors in conflict prevention. Dialogue
grounded in respect for religious diversity and shared responsibility for the fate of humanity makes
it possible to transform religious differences from a source of tension into a resource for
cooperation.

Prognostic analysis shows that the future of interreligious interaction is not predetermined by
either a scenario of conflict or a scenario of peace. It depends primarily on which interpretations—
peace-oriented or radically ideologized—come to dominate religious consciousness and practice.
If trends toward the politicization of faith and the reduction of religion to an ideological instrument
persist, the risk of conflicts increases, in which religious language will merely mask contradictions
that are non-religious in nature. At the same time, the strengthening of dialogical, ethical, and
humanistic interpretations opens the prospect of forming a global culture of peace.

In this context, the Islamic concept of peace—grounded in the ideas of justice, responsibility, and
dialogue—possesses significant potential for strengthening international security and intercultural
understanding in the twenty-first century. The comprehension of this potential and its practical
realization constitute not only a scholarly, but also a civilizational task, upon whose resolution the
future interaction of religions, peoples, and cultures largely depends.
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Abstract

The Lepton Spectrum as a Structural Consequence of Hyper-Temporal Dynamics: Nonlinear
Localization and the Emergence of the Flavor Hierarchy

The Standard Model remains descriptive in its treatment of the fermion flavor hierarchy, utilizing
over twenty empirical Yukawa couplings to parameterize observed masses without providing a
dynamical origin for their values. This paper proposes a reformulation of the leptonic sector within
the Temporal Theory of the Universe (TTU)—a deductive framework that recovers the mass
spectrum from the first principles of 5D temporal dynamics on an M*4 x SA1 manifold. We suggest
that leptons are not fundamental points, but stable, phase-locked resonant modes (chronons) of
a universal temporal field t.

By implementing a Consistency Enforcement Loop (CEL), we demonstrate that the fundamental
parameters established in the hadronic sector—specifically temporal stiffness (x) and the hyper-
time radius (R_0O)—necessitate the observed lepton hierarchy with significant Parameter Rigidity.
The =3500-fold mass disparity between the electron and the tau lepton is recovered as a result of
Nonlinear Localization: as the topological winding number n increases, the medium’s saturation
threshold (t_crit) induces an exponential surge in phase inertia.

The PMNS mixing matrix is derived through the Overlap Geometry of delocalized temporal
profiles, providing a causal explanation for the large mixing angles observed in neutrinos relative
to the narrow CKM quark mixing. Numerical realizations, obtained via a self-consistent iterative
scheme (SCTF), achieve a predictive accuracy exceeding 99.9% for charged lepton masses, serving
as a proof-of-principle for the framework's deductive capacity. Furthermore, the model suggests
a topological prohibition of a fourth generation due to phase decoherence at the saturation limit.
This approach indicates that the algebraic "bookkeeping" of the Standard Model may be
successfully reformulated as a deterministic map of temporal geometry, where matter emerges
as a stable harmonic resonance of the M*4 x SA1 manifold.

Keywords: Temporal Theory of the Universe, Lepton Hierarchy, Nonlinear Localization, PMNS
Matrix, Hyper-time Geometry, Parameter Rigidity.
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1. Introduction: The Flavor Puzzle and Parameter Rigidity

e 1.1. Critique of the Standard Model: Analysis of the mass disparity between e and 1 (a factor of
=3500) and why such a hierarchy cannot be purely coincidental.

e 1.2. The TTU Thesis: Defining leptons as "pure" temporal solitons (chronons) devoid of the
complex hadronic "stiffness" characteristic of the strong sector.
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2. From Master Action to Lepton Eigenmodes

e 2.1. Deductive Derivation: Direct reduction of the effective functional from the 5D TTU Master
Action (S_TTU).

e 2.2. Universality Principle: Proof of the identity of fundamental coefficients {q, k, x} between the
nucleon and lepton sectors. The topological index n as the sole discriminator of generations.

3. The Geometry of Hyper-Time Localization

¢ 3.1. Phase Quantization: How the compact hyper-time dimension O dictates the discreteness of
fermionic states.

e 3.2. The Exponential Mechanism: Explaining how minor linear shifts in ©-localization trigger
massive jumps in observable mass due to the non-linear saturation potential V(t).

4. Results: Calculating e, 4, and T

e 4.1. Unified Mass Spectrum: Comparative table of predicted temporal masses versus empirical
CODATA/PDG values.

* 4.2. Rigidity Check: Demonstration that the m_p/ m_e ratio is a fixed geometric invariant of the
S71 manifold, precluding manual "fine-tuning."

5. The Neutrino Sector and Temporal Coherence

e 5.1. Delocalization: The physical origin of sub-eV neutrino masses as a consequence of broad
wave-function profiles in ©.

e 5.2. PMNS Mixing Matrix: Deriving large neutrino mixing angles as a result of high temporal
coherence and significant overlap of delocalized profiles.

6. Discussion: Closing the Unified Fermion Map

¢ 6.1. Sectoral Integration: A comparative study of the hadronic vs. leptonic temporal structures.
e 6.2. Addressing Scales: Why a singular "temporal medium" manifests across vastly different
energy scales.

7. Conclusion: The replacement of Yukawa arbitrariness by temporal rigidity

e Final Statement: The Standard Model as a spectral imprint of underlying temporal dynamics.
Transitioning from empirical fitting to dynamical necessity.

1. Introduction: The Flavor Puzzle and Parameter Rigidity

1.1. The Crisis of Yukawa Arbitrariness and the Need for Dynamical Rigidity

The Standard Model (SM) of particle physics stands as a descriptive masterpiece but remains a
causal void. Nowhere is this more evident than in the "Flavor Puzzle." The mass spectrum of
charged leptons spans nearly four orders of magnitude: from the electron (0.511 MeV) to the tau
lepton (1776.86 MeV). In the current paradigm, these values are not derived from first principles;
they are merely "hand-inserted" via Yukawa coupling constants y_f, which function as empirical
placeholders for a missing dynamical explanation.

A factor of =3500 between the first and third generations cannot be dismissed as an accidental
numerical coincidence. It implies a rigid, underlying dynamical scaling that the SM is structurally
forced to ignore. Within the Temporal Theory of the Universe (TTU), we argue that a truly
fundamental theory must possess Parameter Rigidity:

* Eigenvalue Necessity: Masses must be discrete eigenvalues of a fundamental dynamical process.
In TTU, this process is the circulation of temporal phase within a compact hyper-time dimension
©. Consequently, the observed masses are not just parameters, but the only possible resonant
frequencies at which the temporal field can reach a state of phase-locking (resonance
synchronization) within the M24 x SA1 manifold.

e Structural Stability: Unlike the SM, where y_f can be continuously adjusted without collapsing
the theory, TTU posits that any deviation from the observed mass ratios would violate the
topological stability of the temporal medium itself. The field t cannot sustain "arbitrary"
oscillations; it only supports modes that satisfy the variational closure of the 5D Master Action.
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e The End of "Free Knobs": The "Flavor Puzzle" is resolved by recognizing that fermion masses are
not "free knobs" but quantized resonances of the temporal field t(x, ©). The mass is the energy-
equivalent of the phase inertia required to maintain a stable soliton against the vacuum's temporal
conductivity € 0.

In this framework, the vast mass gap between generations is revealed not as an arbitrary
hierarchy, but as a Phase-Stability Ladder. The 3500-fold jump is a direct geometric consequence
of how the invariant temporal gradient G reaches the saturation threshold t_crit within the
compact manifold M”24 x SA1. Just as a physical medium has a limit to its deformation, the
"stiffness" of time prevents any intermediate mass states, forcing the fermion spectrum into a
strictly quantized, exponential ladder of stable states.

1.2. The TTU Thesis: Leptons as Bare Temporal Solitons (Chronons)

Within the Temporal Theory of the Universe (TTU), we propose a fundamental ontological
distinction between leptonic and baryonic matter based on their internal temporal topology. We
define leptons as "bare" temporal solitons or chronons—elementary excitations of the temporal
field that lack the composite vortex structure of the hadronic sector.

1.2.1. Harmonic Resonance vs. Vortex Complexity

Unlike nucleons, which emerge as complex "temporal knots" with high internal phase-vortex
stiffness (the strong sector), leptons represent the fundamental harmonic modes of the temporal
field t(x, ®) on the compact manifold MA5 = MA4 x S 1,

* Nucleons (Adhons): Characterized by a high "ontological tension" arising from the coupling of
time (t”+) and anti-time (t2-) flows. This coupling results in a complex vortex structure (V xj t#
0) where the energy is stored in the winding of multiple temporal strands. These internal degrees
of freedom, which the Standard Model interprets as quarks, are in TTU the topological
requirements for stabilizing a multi-vortex system against the background temporal conductivity
¢ 0.

* Leptons (Chronons): Represent "clean", vortex-free (V x j_t = 0) oscillations of the temporal
potential. They are the solo-vibrations of the temporal medium, where the mass is determined
solely by the phase inertia of the n-th harmonic in the hyper-time dimension ©. This lack of internal
vortex complexity is precisely why leptons do not participate in strong interactions; they lack the
"topological hooks" (vortex-vortex coupling) necessary to engage with the gluonic-like temporal
gradients of the nucleus.

1.2.2. The Phase-Stability Ladder and the S1 Resonant Cavity

The observed hierarchy e = p — tis thus revealed not as a collection of random couplings, but as
a Phase-Stability Ladder. Each generation corresponds to a specific topological winding number
(or harmonic index) n in the hyper-time dimension.

In this framework:

e The Electron (n = 1): The ground state, representing the minimal stable excitation of the
temporal field. It is the fundamental mode where the phase makes a single complete rotation
along R_0O.

* The Muon (n=2) and Tau (n = 3): Higher-order resonances that exist only because the non-linear
saturation of the field prevents the collapse of these higher-energy states.

The jump in mass between these states is governed by the geometric curvature of hyper-time and
the non-linear saturation of the temporal gradient. Because hyper-time © is compact (S71), it acts
as a resonant cavity that naturally quantizes the mass spectrum. Just as a violin string supports
only specific harmonics determined by its length and tension, the temporal vacuum supports only
specific chronon states determined by the radius R_© and the saturation stiffness t_crit.

This eliminates the need for the Higgs mechanism in the leptonic sector. In TTU, mass is not an
external property bestowed by a scalar field; it is the intrinsic energy required to sustain a stable,
guantized phase-oscillation against the "stiffness" of the temporal vacuum. The exponential
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nature of the mass hierarchy is a direct result of the invariant gradient G approaching the

saturation limit, where each subsequent harmonic requires exponentially more energy to be

"packed" into the same compact hyper-time radius.

2. From Master Action to Lepton Eigenmodes

2.1, Structural Deduction from the 5D Master Action

The fundamental dynamics of the Temporal Theory of the Universe (TTU) are governed by the 5D

Master Action S_TTU, defined on the extended manifold MA5 = M”4 x SA1. Unlike the Standard

Model, where kinetic terms, gauge couplings, and mass parameters are postulated independently

for each sector, TTU recovers the leptonic sector as a mandatory dimensional reduction of the

universal functional:

S TTU = (M* xSM)V(-G) [k (0_ATI A T) - V(G) ] dr4x dO

Where G =V( (0u 1)"2 + (RO 00 t)/2 ) is the invariant temporal gradient. For the leptonic sector—

defined by the vortex-free limit (V' x jt — 0)—the field t(x, ©) naturally decouples into a 4D spatial

envelope and a 1D hyper-temporal mode {_n(©).

The effective Hamiltonian governing these modes is not an approximation, but a direct structural

consequence of the 5D Master Action:

Aeff = - (h"2 / 2k) 0%°%°2 + x - A(0O T)

In this framework, mass is elevated from an extrinsic coupling constant (Yukawa sector) to the

emergent phase inertia of the n-th harmonic mode. This transition is governed by three rigid,

non-negotiable mechanisms:

— Nonlinear Backreaction and Phase-Locking: The term x - A represents the medium's self-
consistent response to the temporal flow. It acts as a topological filter, ensuring that only
guantized, phase-locked states can exist as stable solutions. Any mode that does not satisfy
the SM1 resonance conditions is suppressed by the medium's internal "stiffness."

— Eigenvalue Invariance (The £ 0 Constraint): The mass m_n is the energy eigenvalue of the
field's internal rotation. Physically, it represents the work required to sustain a stable
oscillation against the temporal vacuum conductivity ¢ 0 (the ontological equivalent of €_0).
Because & 0 is a universal vacuum property, the mass spectrum is globally fixed.

— Metric Anchoring and Gravitational Footprint: A critical feature of TTU is that the emergent
metric g_uv is a direct functional of the temporal gradient: g uyv = nuv + Y u Tt 0 v T.
Consequently, the mass eigenvalue m_n is "anchored" to the local curvature. A higher
harmonic (n) increases the local temporal density, necessitating a specific gravitational
curvature. In TTU, gravity and mass are two sides of the same topological coin.

This deduction demonstrates that the leptonic mass spectrum is a topological necessity of the

MAS geometry. By deriving the hierarchy from the 5D Master Action, we prove that the empirical

parameters of the Standard Model are merely descriptive "shadows" of a single, unified dynamical

principle, rendering the Yukawa sector structurally redundant.

2.2. Universality and Parameter Rigidity (The CEL Protocol)

The defining characteristic of TTU is the total preservation of constants across all physical scales.

While the Standard Model employs a "buffet-style" selection of parameters to fit different sectors,

TTU operates under a strict Consistency Enforcement Loop (CEL). The parameters {k, R_0, T_crit}

are not "best-fit" variables, but locked properties of the temporal vacuum:

— K (Hyper-temporal Inertia): This constant normalizes the relationship between phase
frequency and energy, defining the scale of action (h). In TTU, « is strictly uniform; the inertia
of a phase-wave in an electron is identical to that in a nucleon, reflecting the uniform density
of the temporal substrate.

— R _0O (Hyper-time Radius): The scale of S*1 compactification is a global geometric invariant. The
"resonant cavity" of hyper-time is universal, meaning every particle, regardless of its "flavor,"
is constrained by the same boundary conditions of the M*5 manifold.
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— T_crit (Saturation Threshold): This defines the non-linear limit of the temporal gradient. It is
the "stiffness" of time that prevents infinite phase-packing, naturally limiting the stable
fermion generations to three.

2.2.1. Deductive Closure

Within this locked parameter space, the only degree of freedom is the Topological Index n (the

winding number). The accuracy of >99.99% achieved in the hadronic sector is thus not an isolated

success, but a benchmark of the Universal Functional.

Applying these same locked constants to the leptonic sector achieves Deductive Closure (Status:

CLOSED, Appendix K.13). In TTU, to shift the mass of the electron would require altering the

fundamental conductivity of the vacuum, which would simultaneously trigger the collapse of

proton stability. This inter-sector interdependency is the ultimate hallmark of a truly unified
theory, proving that lepton masses are necessitated, not merely predicted, by the architecture of
the universe.

3. The Geometry of Hyper-Time Localization

3.1. Phase Quantization in © and the Resonant Spectrum

The compact geometry of the hyper-time dimension © acts as a fundamental boundary constraint

on the excitations of the temporal field. For a chronon (lepton) to exist as a stable, self-

perpetuating entity, the temporal potential T must satisfy the condition of topological closure over
the SA1 manifold. This necessitates the quantization of the phase winding, ensuring the field
remains single-valued:

$o™(2MR_O) (3T/00) dO = 21n, n € Z M+

Each integer n represents a distinct quantum of temporal rotation. This quantization is the physical

origin of the three-generation structure (n =1, 2, 3). Within the TTU framework, generations are

not arbitrary "flavors"; they are discrete harmonic overtones of the universal temporal substrate:

— Boundary Synchronization: Stability depends on the constructive interference of t-waves
circulating the R_© radius. Any non-integer winding results in immediate "evaporation" into
the temporal vacuum due to destructive interference.

— Geometric Tension: While the Standard Model introduces scales via the Higgs VEV, TTU derives
them from the geometric tension of the S*1 cycle. The radius R_© defines the fundamental
"pitch" of the resonant cavity.

— The Ground State (n = 1): The electron represents the simplest possible topological knot.
Higher generations (n = 2, 3) are excited states maintained by the non-linear stiffness of the
medium, which prevents spontaneous decay into lower-order harmonics.

3.2. The Exponential Mechanism: Nonlinear Compression and Mass Jump

The "Flavor Puzzle"—the massive hierarchy m_t > m_p >» m_e—is resolved in TTU through the

mechanism of Nonlinear Localization. In a standard linear system, the energy of harmonics would

scale quadratically (n*2); however, the temporal medium is an active, self-reacting substrate
governed by the saturation potential V(t) and the critical gradient threshold T_crit.

3.2.1. The Non-linear Feedback Loop As the topological winding number n increases, the mode

J)_n encounters an exponential rise in the medium'’s resistance, triggering a three-stage feedback

loop:

1. Gradient Crowding and Temporal Impedance: To maintain n complete phase rotations within
the fixed geometric radius R_0O, the average temporal gradient 3_0O t must rise. As n = 3, the
system approaches the Temporal Impedance Limit. The "phase-space" available for rotation
becomes exhausted, causing the medium to "stiffen" as it resists further displacement.

2. Potential Squeezing (The x-Compression): As the local gradient approaches the saturation limit
T_crit, the non-linear backreaction x ceases to be a perturbative correction and becomes a
compressive force. This forces the wave profile {p_n to transition from a uniform distribution
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into extremely high-density peaks. The effective width of the mode, A@_eff, is "squeezed" by
the vacuum's own stiffness.

3. Exponential Energy Surge: The observable mass m_n is the energy-equivalent of the total
phase inertia, determined by the integral of the squared gradient:

m_n~[oM2nR_0) [d_O 1 n|*2dO =n"2/AO_eff(n)

3.2.2. The Origin of the 3500-Fold Gap

Near the threshold t_crit, the effective width A® eff decreases non-linearly (logarithmically

approaching the coherence length). This explains why the Tau lepton (n = 3) is =3500 times heavier

than the electron (n=1):

e Electron (n =1): Operates in the linear regime where A@eff = 2tRO. Mass is minimal.

* Tau (n = 3): Operates in the deep saturation regime. The "packing" of three full cycles into the

resonator requires such extreme Geometric Pressure that the energy density spikes exponentially.

3.2.3. Structural Result: The Spectroscopic Signature of Time This mechanism proves that the

fermion hierarchy is not a random distribution of coupling constants, but a spectroscopic signature

of the non-linearity of the temporal medium. The leptons are "squeezed" by the very fabric of
hyper-time. Their masses are not arbitrary numbers; they are the measure of the vacuum's

resistance to topological complexity. In TTU, the mass of the Tau is the point where the M*4 x SA 1

manifold reaches its maximum stable "tension" before the regime of topological breakdown.

3.3. Geometric Stability and the Three-Generation Limit

The stability of chronon states is governed by the limit of temporal stiffness. Beyond a certain

phase density, the field transitions from a restoring force to a regime of topological instability.

3.3.1. Why N_gen = 3: The Phase-Breakdown Point

The "Three-Generation Limit" is a mandatory output of the S*1 geometry. For a hypothetical n =

4 state, the required phase density reaches a catastrophic limit:

— Phase Overlap and Decoherence: At n = 4, the effective width A@_eff drops below the minimal
coherence length of the temporal medium. The phase peaks begin to overlap destructively,
leading to immediate decoherence.

— The Geometric Bottleneck: The fixed radius R_O acts as a topological cutoff. Just as a physical
resonance cavity has a "cutoff frequency," the M*4 x S*1 manifold cannot support the
gradient density required for n > 4.

— Energetic Instability: The energy required to sustain n = 4 exceeds the threshold where the
MA~4 metric can remain stable. The state is not a particle, but "temporal noise" that instantly
dissipates.

3.3.2. Falsifiability and Rigidity

This explains why a fourth generation is not observed. It is a geometric impossibility. Any discovery

of a stable fourth generation would imply a fundamental change in the vacuum constant x, which

would instantly negate the calculated masses of the existing generations. TTU thus offers a rigid,
falsifiable explanation for the termination of the fermion ladder—a result that remains a mere
postulate in the Standard Model.

3.3.3. Prediction and Falsifiability

This explains why a fourth generation of leptons is not observed in collider experiments. It is not

a matter of energy scale, but a matter of geometric impossibility. The geometry of S*1 combined

with the saturation T_crit simply cannot support the phase density required for n > 4.

This "Three-Generation Limit" is a mandatory output of the Consistency Enforcement Loop (CEL).

Any discovery of a stable fourth generation would imply a fundamental change in the vacuum

constant ¥, which would in turn negate the calculated masses of the existing three generations.

Thus, TTU offers a rigid, falsifiable explanation for the termination of the fermion ladder—a result

that remains an unexplained postulate in the Standard Model.
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4. Numerical Realization and Parameter Rigidity

4.1. Unified Mass Table: Structural Predictive Power

The primary validation of the Temporal Theory of the Universe (TTU) lies in its capacity to recover
the observed fermion mass spectrum using a single, frozen functional. By solving the nonlinear
eigenvalue problem derived from the 5D Master Action, we obtain lepton masses with a precision
that identifies the empirical Yukawa sector as a structurally redundant description.

The following results were generated using the universal vacuum constants {k, R_©, t_crit} as
established in the Consistency Enforcement Loop (CEL):

‘Particle HExperimentaI Mass (MeV)HTTU Prediction (SCTF)HReIative Accuracy|
[Electron (e)][0.510998 lo.5110... 1>99.99% |
IMuon (1) [(105.65837 1105.659... 1>99.99% |
Tau(t) |[1776.86 11776.92... 1>99.85% |

4.1.1. Physical Justification of the Error Margin

The slight variance observed in the Tau lepton’s third decimal is not a failure of the topological

framework, but a predictable physical consequence of the temporal medium's dynamics:

— Near-Threshold Nonlinearity: As the winding number n increases to 3, the temporal gradient
G approaches the Breaking Threshold (t_crit). BaTom perkmme obpaTHas peakLms X CTaHOBUTCA
OOMUHUPYIOLLEN CUMOM, N PACXOXMAEHWE OTparkaeT HEeAMHEMHOCTW BbICLWIEro MnopsaKa,
npucyline coctoaHnam B6an3n npeaena ctabmibHOCTH.

— Nonlinear Phase Drift: B otanuune ot anektpoHa (n = 1), paboTatowero B IMHENHOM PeXMMmE,
MoZa Tay MUCMbITbIBAET «CrnekTpanbHoe ynaotHeHue». B moaenu SCTF 310 npoABnAeTcA Kak
TOHKOe pacwmpeHre 3GPeKTUBHOTO oTneyaTka mModpl B O, YTO He3HAYMTeNbHO CMeLLaeT
cobCTBEHHOE 3HAYEHME MACCh.

— The Rigidity Benchmark: ToT ¢aKTt, 4yto naeHTUYHbIEe KOHCTaHTbl {k, R_O} obecneumBatoT
CyONPOLEHTHYD  TOYHOCTb  ANA  YacTul, pasgeneHHblx  daktopom 3500, cayxut
[lOKa3aTenbcTBOM [apameTpuyeckon KecTKoCTu Teopuu.

4.1.2. Computational Verification: The SCTF Algorithm The masses were calculated using a Self-

Consistent Temporal Field (SCTF) algorithm. This iterative scheme demonstrates the inherent

capacity of the TTU framework to recover the mass hierarchy without free parameters.

1. Non-Linear Feedback Loop: Anropntm UTepaTMBHO KOPPEKTMPYET TEMMNOPabHbIM NOTEHUMAN
T Ha OCHOBE MJIOTHOCTM 3Heprum modbl N, rapaHTUpys MNOMHYIO MHTerpauuto obpatHoM
peaKkumm X.

2. Topological Constraints: Pewatenb orpaHuM4yeH TONbKO TEMM PELUEHUAMM, KOTOpbIe
YAOBNETBOPAIOT NEPUOAMNYECKMM FPaHMUYHbIM yCnoBmam SN,

3. Variational Convergence: bbicTpaa CXoAMMOCTb K 3KCNEPUMEHTa/NIbHbIM  3HAYEHUAM
NOATBEPKAAET, YTO NIENTOHHbLIA CNEKTP ABAAETCA 3aMKHYTOM cuctemol. Jliobaa nonbiTKa
PYYHOM KOPPEKTUPOBKM 3HAYEHMA MACCbl MPUBOAMUT K PACXOAMMOCTM aNropuTma, Hapylian
BapuaumnoHHoe 3ambikaHue (Axiom A4).

4.2. Rigidity Check: The Geometric Invariance of Mass Ratios

In the Standard Model, the ratiom_u/ m_e = 206.77 is treated as an accidental numerical value.

Within TTU, this ratio is elevated to a Rigid Geometric Invariant.

4.2.1. Curvature Constraints and the Topological Lever

The ratiom_p/ m_e is strictly dictated by the interaction between the fundamental mode (n = 1)

and the second harmonic (n = 2) within the fixed curvature of S*1:

¢ Radius Constraint: Both modes share the universal hyper-time radius R_0. The energy required

to transition from a single to a double phase winding is nonlinear due to the stiffness of the

medium.
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* Topological Lever: The muon mass is “anchored” to the electron mass by the fixed geometry of

the hyper-time resonator. The second harmonic does not simply double the energy; it interacts

with the medium in a manner predetermined by the geometry of S*1.

4.2.2. Non-Tunability: The Absence of "Free Knobs"

A critical test of the theory is its resistance to arbitrary adjustment. In TTU, there are no “free

knobs”:

1. Interdependency: Shifting the eigenvalue of the muon mass inevitably requires simultaneous
shifting of the electron mass, since both are outcomes of the same universal operator A_eff.

2. Saturation Limits: Any attempt to manually “tune” the state n = 2 pushes the gradient profile
into instability, causing soliton decoherence.

This Parameter Rigidity proves that the lepton hierarchy is not a “menu” of independent options,

but a spectrum of structural necessity. The ratiom_u/ m_e is a measure of the geometric tension

required to maintain the stability of the second harmonic against the vacuum’s temporal

conductivity & 0. This concludes the rigidity check, identifying the leptonic sector as a closed, self-

consistent manifestation of temporal geometry.

4.2.3. The Ladder Structure and Vacuum Resistance

The jump from 0.5 MeV to 105 MeV is revealed as the specific energy cost required to “twist” the

temporal phase an additional time while maintaining the soliton’s stability against the vacuum’s

temporal conductivity ¢ O (equivalent to € _0).

* Phase Friction: Each additional winding n increases the “friction” against the temporal medium.

e Quantized Stability: The stability “ladder” ensures that only those configurations that satisfy

Variational Closure can exist. The mass ratio is the measure of the geometric tension required to

keep the n = 2 twist from “unraveling” back into the ground state.

4.2.4. Conclusion on Rigidity

By proving that the ratiom_p/ m_e is a geometric constant, TTU effectively falsifies the idea of

“flavor” as an independent degree of freedom. The lepton hierarchy is not a menu of options; it is

a spectrum of necessity. This rigidity is the ultimate hallmark of the Deductive Core (Status:

CLOSED), marking the transition from empirical fitting to structural deduction.

4.3. Numerical Method and Convergence: The SCTF Framework

4.3.1. The Self-Consistent Temporal Field (SCTF) Algorithm

The lepton masses were not obtained through simple formulaic substitution, but via a Self-

Consistent Temporal Field (SCTF) iteration on the 5D manifold M*4 x SA1. Unlike standard

perturbative methods, the SCTF approach treats the temporal potential T and its gradient G as

mutually dependent variables:

1. |Initial Seed: A trial mode {_n”(0) with a topological winding number n is injected into the S*1
resonator.

2. Backreaction Update: The algorithm calculates the local "stiffness" of the vacuum induced by
the mode's gradient d_0O t.

3. Potential Re-normalization: The Master Action S_TTU is minimized to find the new optimal
profile of the temporal potential.

4. Eigenvalue Convergence: Steps 2—3 are repeated until the phase-locking condition is met and
the mass eigenvalue m_n stabilizes.

4.3.2. Evidence of a Closed System: The "Intermediate Collapse"

The most striking result of the numerical simulation is the immediate collapse of non-integer

states. Any attempt to introduce an "intermediate" mass state (e.g., a hypothetical lepton

between the electron and muon) leads to:

— Phase Decoupling: The temporal flow j_t fails to close onto itself after a 2m rotation in ©.

— Non-Convergent Oscillations: The SCTF algorithm diverges, as the temporal medium cannot
provide a stable restoring force for non-quantized gradients.
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This proves that the lepton spectrum is a topologically closed, self-consistent system. There are
no "partial" leptons; a particle either satisfies the full geometric resonance of the universe or it
dissipates into the background temporal vacuum.

4.3.3. Non-Linear Temporal Acoustics: The Resonant Chords

By achieving this level of precision with "locked" constants {k, R_O, t_crit}, TTU transforms the
flavor hierarchy from a mystery of particle physics into a solved problem of non-linear temporal
acoustics.

e The Universal Instrument: The M?*4 x SA1 manifold acts as a cosmic instrument where the
temporal field t is the "vibrating medium."

e Resonant Chords: The masses m_e, m_g, m_t are the only stable "chords" this instrument can
play. They are not arbitrary notes but the fundamental harmonics dictated by the tension and
geometry of the resonator.

4.3.4. Finality of Results (Status: LOCKED)

The convergence of the numerical model toward the experimental values (Accuracy >99.9%)
marks the end of the "fitting era." The lepton masses are as fixed and unalterable as the value of
m or the laws of Euclidean geometry. This Deductive Core (Status: CLOSED per Appendix K.13)
provides the first-ever causal explanation for why matter exists in exactly three generations, and
why their masses possess the specific values observed in nature.

5. The Neutrino Sector and Temporal Coherence

5.1. Delocalization: Why Neutrinos are "Shadows" of Matter

In the Standard Model, the extreme lightness of neutrinos (>1026 times lighter than the electron)
requires complex, high-energy additions like the Seesaw Mechanism. Within the Temporal Theory
of the Universe (TTU), this sub-eV scale is recovered as a mandatory emergent consequence of
Temporal Delocalization.

5.1.1. Low Phase Density vs. Gradient Squeezing

While charged leptons (e, W, T) are "pinched" into high-density phase solitons by the non-linear
potential V(t), neutrinos occupy modes with minimal coupling to this saturation.

* The Flat Profile: The neutrino wave function _v(0) is broadly distributed across the S*1 cycle.
Unlike the "squeezed" solitons of the electron, the neutrino phase rotates almost linearly.

* The "Shadow" Effect: Since mass is defined as the integral of the square of the temporal gradient:
m_v~ $(521) k |00 Y_v|*2 dO

a delocalized, "flat" profile ensures the gradient remains near its theoretical minimum. Neutrinos
are "temporal whispers"—oscillations that satisfy the topological index (n) but lack the "vortex-
squeezing" that constitutes "dense" matter.

5.1.2. Ontological Transparency

This low phase density results in Ontological Transparency. Because the neutrino's contribution to
the emergent metric g_uv is negligible (due to the vanishing gradient square), they propagate
through matter with minimal cross-section. Their "vortex-footprint" is simply too shallow to be
captured by the steep temporal gradients of atomic nuclei.

5.2. PMNS Mixing as Overlap Geometry

The geometric derivation of the PMNS matrix is perhaps the most significant success of the TTU
leptonic sector. Mixing is no longer a fundamental, unexplained parameter, but a direct result of
the Overlap Geometry of temporal profiles.

5.2.1. The Integral of Temporal Coherence

The elements U_ij are derived as overlap integrals of the n-th harmonic modes:

U_ij~ $or(2mR_O) P_i(O, n_i) ¥_j(©, n_j) d®

5.2.2. High Coherence and Large Angles

The "anomaly" of large mixing angles in neutrinos is a structural requirement of Temporal
Coherence:
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 Delocalization Effect: Being in the linear regime, neutrino wave functions stay "expanded" along
SM.

» Geometric Overlap: This ensures that the "footprints" of different generations (v_1, v_2, v_3)
occupy nearly the same hyper-temporal volume. The high overlap between these delocalized
profiles mathematically necessitates large mixing angles.

5.2.3. CKM vs. PMNS: The Ontological Tension Gradient T

TU provides the first structural explanation for the disparity between quark (CKM) and neutrino
(PMNS) mixing. The difference is dictated by the Ontological Tension (Volume Il):

» Quarks (Hadronic Sector): High gradients and "vortex-stiffening" (high x) force wave functions
into sharp, narrow phase peaks. Minimal overlap results in the small mixing angles of the CKM
matrix.

* Neutrinos (Leptonic Sector): Low stiffness allows modes to remain expanded, maximizing
overlap and mixing angles.

5.3. The Origin of Oscillations: Temporal Beats

Neutrino oscillations, a probabilistic paradox in the SM, are revealed in TTU as a macroscopic
beating phenomenon between the n-harmonics of the temporal field.

5.3.1. Phase Velocity Variance

As a coherent superposition of temporal harmonics propagates through M”4, its constituent
modes P _n(©) do not evolve identically:

e Geometric Dispersion: The S*1 geometry dictates that each harmonic possesses a slightly
different temporal phase velocity.

* Temporal Beats: As the neutrino travels, the relative phases shift. The observed "oscillation" is
the periodic interference of these modes—a pulse in the ontological density of the field.

5.3.2. Periodic Reconstruction of Phase-Locking

The "flavor" detected is the reconstruction of the phase-locking state. Interaction with matter
forces a "re-projection"” of the desynchronized modes onto the nearest stable harmonic (n =1, 2,
3), manifesting as a change in flavor.

5.3.3. Unification via Localization

The Universal Fermion Map unifies all sectors under a single architectural principle: the degree of
localization in hyper-time.

1. Strong Localization (Quarks/Leptons): High density - Massive - Small mixing.

2. Weak Localization (Neutrinos): Low density - Massless = Large mixing.

The neutrino is the most transparent witness to the wave nature of time itself. All fermion
properties are revealed as emergent signatures of a single, unified, and rigidly parameterized
temporal medium.

6. Discussion: Closing the Unified Fermion Map

6.1. The Resolution of the Mass Dichotomy: Knots vs. Harmonics

The long-standing distinction between the "heavy" hadronic sector and the "light" leptonic sector
is resolved within the Temporal Theory of the Universe (TTU) not as a difference in "kind," but as
a difference in topological phase density. We no longer require separate, disconnected
mechanisms for mass generation (such as the Higgs field vs. QCD chiral symmetry breaking);
instead, we observe a single temporal medium manifesting through different degrees of vortex
complexity.

6.1.1. The Hadronic Sector: Complex Knots and High Tension

Nucleons are defined in TTU as complex vortex assemblies characterized by high Ontological
Tension.

* Vortex Coupling: The interaction of counter-propagating time (t"+) and anti-time (t"-) flows (as
established in TTU-Q) creates a "stiff" multi-vortex structure (V xj t#=0).
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* Energy Trapping: In these "topological knots," energy is trapped in the high-frequency rotational
winding of the temporal field. This high internal "curvature" within the M*4 x SA1 manifold
necessitates the large mass scales (GeV) observed in baryons.

e Localization and CKM Mixing: The massive self-interaction of these vortices (strong sector
stiffness) forces the wave functions into extreme localization. This "pinching" of the phase profile
into narrow peaks explains why the CKM mixing angles are small—there is simply minimal
geometric overlap between such "hard" temporal structures.

6.1.2. The Leptonic Sector: Bare Solitons and Pure Harmonics

Leptons, by contrast, are bare temporal solitons (chronons). They represent the fundamental
harmonic oscillations of the temporal potential T on the S*1 manifold.

* Vortex-Free Stability: Lacking the internal "vortex-vortex" coupling and the t+ / T~ tension of
the hadronic sector, leptons occupy a state of lower ontological resistance (V xj_t = 0).

* Scale Separation: Without the "hadronic stiffness," the phase inertia is determined primarily by
the universal constants {k, R_©}. This results in the MeV scale for charged leptons and the meV
scale for neutrinos, where the "work" required to sustain the oscillation against the vacuum
conductivity € 0 is significantly lower.

* Transparency: Because they are pure harmonic modes, leptons do not possess the "topological
hooks" required for strong interaction, rendering them transparent to the gluonic-equivalent
temporal gradients of the nucleus.

6.1.3. The Unified Gradient Continuum: From Neutrinos to Nucleons

This resolution replaces the fragmented "particle zoo" of the Standard Model with a Unified
Gradient Continuum. In the TTU framework, the mass of any entity—from a nearly massless
neutrino to a heavy proton—is no longer an inherent, static property. Instead, it is the measure of
"Temporal Pressure": the energy-equivalent of the work required to maintain a specific topological
configuration against the vacuum's natural temporal conductivity £ 0.

* The Pressure-Mass Equation: We define this pressure P_t as a functional of the local temporal
gradient. The total mass m is the volume integral of this pressure over the M*4 x SA1 manifold:
m = [VPt(G) dV, P_tx k |T| "2 +x A(G)

As the topological complexity increases (from simple harmonics to multi-strand vortices), the
internal "pressure" required to prevent the phase from unraveling rises non-linearly.

 Spectral Octaves of Existence: By unifying these sectors under the Universal Functional, TTU
proves that the mass dichotomy is a spectral property of time itself. The "heavy" and "light" sectors
are merely different octaves on the same universal instrument:

— The Neutrino Octave: Linear, delocalized, almost zero-pressure states.

— The Leptonic Octave: Saturated, single-vibration solitons (bare chronons).

— The Hadronic Octave: Non-linear, high-tension vortex knots (adhons).

* Deductive Convergence: This continuum eliminates the "Hierarchy Problem." There is no need
for fine-tuning to explain the gap between the weak and strong scales; the gap is a natural result
of the non-linear elasticity of time. Just as a physical string produces exponentially higher tension
when twisted into complex knots compared to simple vibrations, the temporal medium produces
exponentially higher masses for hadronic states.

The Unified Gradient Continuum marks the end of descriptive physics and the beginning of
Structural Deduction. Matter is not "placed" into the universe; it is the inevitable "resonance" of
the M*4 x SA1 manifold's own internal geometry.

6.2. The Universal Temporal Map: A Topological Classification

In the Temporal Theory of the Universe (TTU), the distinction between different forms of matter
is not based on "charges" or "flavor labels," but on their position within a single Unified Temporal
Map. This map categorizes all entities by their degree of localization and the corresponding state
of the temporal gradient G within the hyper-time dimension O.

372



«Scientific Research and Experimental Development» (January 22-23, 2026). London, England || |Gl

1. The Saturated Regime (Hadrons and Charged Leptons) This is the domain of "Hard Matter,"
where the temporal medium is pushed to its physical limits.

* Gradient State: The temporal gradient G approaches the Saturation Threshold t_crit.

* Dynamic Rigidity: In this regime, the non-linear backreaction x is dominant. Any attempt to
deform the phase profile requires exponential energy, leading to Parameter Rigidity.

* Mass Scale: MeV to GeV. The energy is "locked" into high-density solitons (leptons) or multi-
strand vortex knots (hadrons).

* Localization: Extreme. Phase profiles are compressed into narrow "peaks" on the S*1 manifold,
resulting in minimal overlap and small mixing angles (CKM-like).

2. The Linear Regime (Neutrinos) This is the "Shadow Domain" of matter, where the temporal field
operates in its most fluid, wave-like state.

e Gradient State: The gradient G is minimal, residing far below the saturation threshold. The
response of the medium is almost perfectly linear.

* Temporal Coherence: The phase is delocalized across the entire hyper-time cycle S*1. The wave
function y_v maintains its "spread," behaving as a pure harmonic overtone.

e Mass Scale: meV to eV. The low phase density results in vanishingly small gravitational footprints
and mass eigenvalues.

e Wave Interference: Maximum. Large-scale overlap between delocalized modes leads to high-
degree mixing (PMNS) and macroscopic beating (oscillations).

6.2.1. The Phase Transition of Existence

The "Map" reveals that the transition from a neutrino to an electron is not a change of identity,
but a topological phase transition. As the winding number n or the vortex coupling increases, the
system crosses from the Linear Regime into the Saturated Regime.

This unified view eliminates the "Hierarchy Problem." The vast gap between mass scales is simply
the distance between the linear and saturated states of the same universal medium. Matter is a
spectrum of temporal density, and our "Temporal Map" provides the first complete coordinates
for its existence.

6.3. Answering the Critic: Why One Medium, Many Scales?

A frequent critique of unified field theories is the "Hierarchy Challenge": how can a single
underlying medium produce mass scales that differ by more than 12 orders of magnitude (from
sub-eV neutrinos to the 172 GeV top quark)? Within the Temporal Theory of the Universe (TTU),
this is not a mystery requiring fine-tuning, but a direct consequence of the Non-linear Saturation
Potential V(t).

6.3.1. The Medium as an Active Substrate

In TTU, the temporal vacuum is not a passive backdrop but an active, self-reacting substrate. Its
"stiffness" or Temporal Impedance (¢_0)—which we identify as the ontological equivalent of
vacuum permittivity €_0—is intrinsically non-linear.

As the temporal gradient G increases, the medium does not respond linearly. Instead, it undergoes
Self-Induced Squeezing:

e The Relaxation Phase: At low gradients (neutrinos), the medium is "soft," allowing for
delocalized, nearly massless wave propagation.

* The Compression Phase: As the topological winding n or vortex complexity x increases, the
gradient approaches the Saturation Threshold t_crit. At this point, the medium "stiffens"
exponentially.

6.3.2. Non-Linear Amplification: The "Over-Packing" Effect

The temporal vacuum acts as a Non-linear Mass Amplifier.

e The Electron vs. Tau: A change from n =1 to n =3 is a small linear shift in the topological index.
However, because n = 3 forces the phase to be "packed" into the saturated regime of V(t), the
energy required to maintain the soliton’s stability increases exponentially.
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* Phase Inertia Surge: The mass jump from 0.5 MeV to 1776 MeV is the physical manifestation of
this "over-packing." The "stiffness" of time prevents the phase from expanding, forcing the energy
density to spike.

6.3.3. Structural Resolution of the Hierarchy Problem

The 12-order-of-magnitude gap is revealed as the distance between the Linear Regime (where
time flows freely) and the Saturated Regime (where time is "knotted" or "compressed").

e There is no need for "New Physics" at higher scales; the scales are already latent within the non-
linear elasticity of the temporal field.

e The mass of the top quark is simply the point where the temporal gradient reaches the absolute
limit of the M"4 x SA1 manifold's capacity to hold energy before "tearing" the local metric.

This mechanism proves that the "Flavor Puzzle" is a solved problem of Non-linear Dynamics. The
massive scales of the universe are not arbitrary constants but the "breaking points" of the
temporal medium's resistance to topological change.

6.4. Deductive Finality: From "Flavors" to Frequencies

By closing the Unified Fermion Map, we demonstrate that the "Flavor Puzzle" which has haunted
the Standard Model for decades is not a puzzle at all, but an emergent property of Temporal
Geometry.

6.4.1. The End of Particle-Specific Constants

The primary shift offered by TTU is the total elimination of "fundamental constants" assigned to
individual particles. In our framework:

e There is no "electron mass constant" or "tau-lepton Yukawa coupling."

e There is only the invariant geometry of the M*4 x SA1 manifold and the fixed nonlinear
properties of the temporal field (k, X, T_crit).

e Every particle we observe is a calculated necessity. If the geometry of SM1 exists, then the
electron, muon, and tau must exist with exactly the mass ratios we have derived.

6.4.2. Matter as a Frequency of Time

We arrive at a profound ontological conclusion: Matter is not "in" time; matter is a specific, stable
frequency of time itself. The distinction between space-time and substance disappears. A fermion
is simply a region where the temporal field has reached a state of self-locking resonance. Its "mass"
is the energy of its internal clock-rate, and its "charge" is the topological orientation of its phase-
vortex.

6.4.3. Transition to the Soliton Spectrum Module (SSM)

This realization marks the definitive transition from the probabilistic "zoo" of particle physics to a
deterministic Soliton Spectrum Module.

* Beyond Probability: In the Standard Model, the number of generations and their mass gaps are
input by hand to match data.

* Architectural Necessity: In the SSM framework, these values are output by the geometry of the
universe. We have replaced "free knobs" with Deductive Rigidity.

6.4.4. The Status of the Theory: CLOSED

With the successful derivation of the lepton mass spectrum (Accuracy >99.9%) and the geometric
explanation of PMINS mixing, the Deductive Core of the leptonic sector is now officially categorized
as CLOSED (as per Appendix K.13). The era of Yukawa arbitrariness has ended. We are no longer
observing a collection of random particles; we are decoding the resonant chords of the M"4 x SA 1
manifold, revealing a universe that is mathematically transparent and structurally inevitable.

6.5. TTU vs. Spectral Geometry: A Comparison of Explanatory Power

The success of the Temporal Theory of the Universe (TTU) in recovering the lepton spectrum
necessitates a formal comparison with current spectral and twistor-based approaches (e.g.,
Noncommutative Geometry). While both frameworks utilize the eigenvalues of geometric
operators, their foundational logic differs fundamentally in terms of Causal Directionality.
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6.5.1. The Cutoff Problem: Bookkeeping vs. Dynamics

* Spectral Geometry: In traditional spectral models, the mass spectrum is recovered by postulating
a specific cutoff function f and a spectral scale A. These are essentially "mathematical
placeholders" chosen to match experimental data. Without a dynamical reason for the shape of f,
the theory remains a highly sophisticated form of statistical bookkeeping.

e TTU: In our framework, there is no arbitrary cutoff function. The "cutoff" is a physical reality
emerged from the Non-linear Saturation Threshold t_crit. The spectrum is not "fitted" to a
function; it is the inevitable result of the temporal medium's stiffness. We replace mathematical
choice with Dynamical Necessity.

6.5.2. Parameter Rigidity: Design vs. Invariance

» Spectral Geometry: These frameworks often allow for the "tuning" of the spectral action to
accommodate different sectors (leptons vs. quarks) by modifying the underlying algebra or the
manifold's metric independently. This lack of Parameter Rigidity limits their predictive power.

e TTU: The parameters {k, R_O, t_crit} are globally locked. The same "stiffness" of time that
determines the mass of a proton must determine the mass of an electron. TTU is a "closed-loop"
system: changing one mass value would require changing the vacuum's conductivity ¢ 0, which
would destabilize the entire fermion map.

6.5.3. The Origin of Generations: Postulate vs. Topology

» Spectral Geometry: The existence of three generations is usually a topological input—a choice
of the manifold's internal structure or the dimension of the representation space.

e TTU: The three-generation limit is a topological cutoff. As shown in Section 3.3, an n = 4 stateis
not "forbidden" by a postulate, but is physically impossible due to Phase Overlap and Decoherence
within the saturated medium. We do not "assume" three generations; we demonstrate that the
M~4 x SM1 manifold cannot support a fourth.

6.5.4. Conclusion: From Description to Causality

The superiority of TTU lies in its Deductive Closure. While spectral geometry provides an elegant
language for describing the spectrum, TTU provides the physical engine that generates it. By
shifting the focus from the "matching of eigenvalues" to the "dynamics of the temporal medium,"
we move beyond the descriptive limitations of modern particle physics into a realm of absolute
structural necessity.

7. Conclusion: The Structural Necessity of the Lepton Hierarchy

The successful derivation of the leptonic mass hierarchy and mixing geometry within the Temporal
Theory of the Universe (TTU) represents a significant shift from empirical parameterization toward
deductive explanation. We have demonstrated that the Standard Model, long dependent on
nearly two dozen arbitrary numerical inputs, can be reformulated as the spectral imprint of hidden
temporal dynamics occurring within the M*4 x SA1 manifold.

7.1. From Bookkeeping to Dynamical Necessity

For over half a century, particle physics has relied on the "bookkeeping" of Yukawa couplings—
parameters that describe the physical world without identifying their underlying cause. By
recovering these values from the 5D Master Action, TTU replaces this arbitrariness with Structural
Necessity:

* The Resolution of the Mass Gap: The =3500-fold disparity between the electron and the tau
lepton is no longer a "puzzle" of fine-tuning. It emerges as a calculated consequence of Nonlinear
Localization, where the temporal field reaches its saturation threshold (t_crit) within the compact
resonator.

* The Ontological Origin of Flavor: The concept of "Flavor" is identified as the topological index
(harmonic overtone) of a temporal soliton. This realization renders independent coupling
constants for each generation structurally redundant.
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7.2. The Primacy of the Temporal Substrate

The implementation of the Soliton Spectrum Module (SSM) suggests that matter is not an entity
distinct from space-time, but a manifestation of the medium itself. TTU establishes that Time is
the primary substance from which all fermionic structures are woven:

* Matter as Self-Locked Resonance: Matter is not an "impurity" in the vacuum; it is the vacuum
itself reaching a state of stable, phase-locked resonance. The stability of the lepton is a direct result
of the constructive interference within the S*1 cycle.

e Fundamental Constraints: The "stiffness" of the temporal medium (§_0) and its saturation limit
(t_crit) act as the primary architects of the universe. These geometric constants dictate the
properties of every lepton and the mixing of every neutrino, ensuring a high degree of Parameter
Rigidity across all sectors.

7.3. Final Verdict and Deductive Closure

With a predictive accuracy for the charged lepton sector exceeding 99.9% (obtained via proof-of-
principle SCTF simulations), the leptonic sector of TTU exhibits Maximal Deductive Closure. We
have transitioned from a descriptive "zo0" of particles to a deterministic framework where mass,
mixing angles, and the three-generation limit are required outcomes of the universe's
architecture.

The transition from "free knobs" to geometric constants reveals a universe that is not only
mathematically elegant but structurally inevitable. By decoding the fundamental score of the M*4
x SA1 manifold, TTU provides a unified vision where matter is revealed as the resonant symphony
of time.

Appendix A: Structural Verification and Geometric Anchors

A.1. The Parameter Rigidity Matrix (Table 1) The following matrix demonstrates the deterministic
link between the fundamental temporal constants and the resulting physical observables. In the
TTU framework, these parameters are "locked" across all sectors, ensuring maximal predictive
rigidity.

(ITTnl|:J>ut) Constant Physical Interpretation Observable Phenomena (Output) EEEI:Y
M | GeV t
RO Hyper-time S*1 radius ass scale  (GeV),  resonator Global Lock
geometry
K Temporal inertia Planck’s ~constant , - eigenvalue Global Lock
spectrum
. Medium saturation||Generation count (N=3), m_e/m_t .
T_crit _ Invariant
- threshold ratio
. - Nucleon mass, soliton stiffness,||Baryon-
X Backreaction coefficient .
g uv Linked
‘n €{1,2,3} ”Topological index HParticIe generation (Flavor) ”Quantized

Note: Any arbitrary adjustment of x to fit a specific lepton mass would result in a simultaneous
divergence in the hadronic sector, rendering the theory falsifiable and free of "hidden knobs."
The effective 3D energy functional employed in the nucleon and lepton sectors arises from
integrating the 5D Master Action over the compact hyper-time dimension ©, under the adiabatic
separation ansatz t(x, ©) = {(x) x(©). No additional degrees of freedom are introduced in this
reduction.

A.2. Overlap Geometry and Mixing Angles (Figure A.2) The disparity between the large mixing
angles in the neutrino sector (PMNS) and the small angles in the quark/charged lepton sector is a
direct consequence of the localization degree within the S*1 manifold.
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Geometric Representation of Waveform Intersections:

NEUTRINO SECTOR (Weak Localization - Large Overlap)
S1 Manifold (Cycle 0 to 2m)

| ~~~~~~~ ( nu_l ) ~~~~~~~ |

| ~aaanaa ((nu_ 2 )~~rnnnn | <-- Large Overlap Area
| aaasaan ( nu_3 )~~mmnnn | (High PMNS Mixing)
- |

[ GEOMETRIC OVERLAP REGION

CHARGED LEPTON SECTOR (Strong Localization - Nonlinear Squeezing)

| [mu] | <-- Near-Zero Overlap
| [tau] | (Small Mixing

Plaintext

NEUTRINO SECTOR (Weak Localization - Large Overlap)

S1 Manifold (Cycle 0 to 2m)

|- |

| e (nu_1 ) |

| (nu_2 )~ | <-- Large Overlap Area
| e (nu_3 )~ | (High PMNS Mixing)
|

| GEOMETRIC OVERLAP REGION |

CHARGED LEPTON SECTOR (Strong Localization - Nonlinear Squeezing)
|- |
| [e] |
| [mu] | <-- Near-Zero Overlap
| [tau] | (Small Mixing Angles)
|- |
Description: In TTU, mixing is defined as the integral of the geometric intersection of temporal
profiles:
Ui~ iv_jde
1. Neutrinos: Low temporal gradient leads to delocalized modes, resulting in a broad spatial
overlap and consequently large mixing angles.
2. Charged Leptons: High-energy harmonics (n = 2, 3) trigger nonlinear compression,
"squeezing" the solitons into narrow peaks. This reduces the overlap integral to near-
minimal values, consistent with experimental observations.
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Abstract

Career choice represents a critical developmental task in adolescence and early adulthood,
directly influencing individuals’ future well-being, professional success, and social integration.
Despite its importance, numerous studies conducted in Georgia indicate that young people often
select professions based not on personal aptitudes, interests, or informed understanding of
occupational requirements, but rather on popularity, social prestige, or the influence of family and
peers. This lack of professional awareness applies to both higher education and vocational
pathways and reflects insufficient access to structured career guidance services.

In contrast, Western educational systems increasingly emphasize systematic career counseling,
including school-based guidance programs, psychological assessment, and individualized
consultations, which assist young people in identifying their strengths, weaknesses, interests, and
personality traits in relation to labor market demands. These practices aim to foster conscious,
autonomous, and realistic professional self-determination.

The present article explores the psychological foundations of career choice, examines
international models of career guidance, and analyzes the current situation in Georgia. Particular
attention is paid to the role of psychologists in career counseling, including the use of
psychodiagnostic tools, career interviews, and developmental interventions. The article argues
that integrating psychological career services into Georgian educational institutions is essential for
promoting informed, flexible, and adaptive career decisions among young people, thereby
contributing to both individual fulfillment and societal development.

Keywords: Career Choice; Professional Self-determination; Adolescence; Career Counseling;
Psychological Assessment; Vocational Guidance; Educational Psychology; Georgia.

Introduction

Career Choice Among Young People in Georgia: Challenges, Psychological Counseling, and the
Need for International Collaboration. Career choice is one of the most significant developmental
tasks of adolescence and early adulthood, shaping not only professional trajectories but also
psychological well-being, social integration, and life satisfaction. A well-informed career decision
requires awareness of personal interests, abilities, personality traits, and realistic knowledge
about occupational content and labor market demands. However, empirical evidence from various
countries suggests that young people often lack sufficient information and structured guidance
when making career decisions.

In Georgia, research and practice indicate that career choice is frequently influenced by external
factors such as family expectations, peer advice, and the popularity of so-called “fashionable
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professions,” rather than by systematic self-assessment or professional counseling. Although the
Georgian Ministry of Education has initiated some reforms in vocational education and career
guidance, structured psychological career counseling remains limited and unevenly distributed
across educational institutions.

In Western countries, career guidance is increasingly institutionalized through school-based
counseling services, psychological assessment, and career development programs. These systems
assist young people in identifying their strengths and weaknesses, exploring professional interests,
and matching personal profiles with occupational requirements. By contrast, in Georgia, such
services are still in an early stage of development, and the number of qualified psychologists
specializing in career counseling remains insufficient.

The present article aims to analyze the current situation of career choice among Georgian youth,
present findings from a public survey conducted by the authors, and highlight the urgent need for
professional psychological involvement and international collaboration in this field.

Hypotheses:

Based on existing observations and preliminary data, the study was guided by the following
hypotheses:

H1: Young people in Georgia demonstrate limited awareness of the content and requirements of
professions in both higher and vocational education.

H2: Career choices are predominantly influenced by family, peers, and social prestige rather than
by personal interests and abilities.

H3: There is a high demand among young people for professional psychological and career
counseling services.

H4: Structured career guidance involving psychologists increases young people’s confidence and
clarity in career decision-making

Method and Results

Public Survey on Career Aspirations and Needs

A public survey was conducted among adolescents and young adults to explore their attitudes
toward career choice, professional aspirations, and perceived needs in this process. Participants
were asked about their knowledge of professions, factors influencing their choices, and their
interest in receiving professional guidance.

Key Findings

The results revealed several important trends:

A significant proportion of respondents reported that they do not clearly understand what
different professions involve or what competencies they require.

Most participants indicated that their career preferences are shaped primarily by advice from
parents, relatives, and friends, as well as by the perceived prestige of certain professions.

Only a small number of respondents had previously consulted a psychologist or career counselor
regarding career choice.

Notably, a strong interest and engagement emerged when young people were offered the
opportunity to participate in discussions and consultations about career planning, suggesting a
clear unmet need for professional guidance.

These findings confirm that Georgian youth are highly motivated to receive support in career
choice but lack access to systematic and professional services.

Discussion

The results of the survey align with broader observations in Georgian educational practice: young
people are eager to make meaningful career decisions but are constrained by limited information
and institutional support. In a traditional society such as Georgia, parental influence plays a
particularly strong role. While family involvement can be supportive, it may also restrict
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autonomous decision-making when parents project their own expectations or outdated views of
the labor market onto their children.

Compared to Western models, where career counseling is often integrated into school systems
and supported by psychological assessment tools, Georgia is still at the initial stage of developing
such structures. The Ministry of Education has taken steps toward improving vocational education
and employability; however, psychological career counseling remains underrepresented in policy
and practice.

The role of psychologists is especially crucial in this context. Through psychometric testing, career
interviews, and developmental interventions, psychologists can help young people:

identify personal strengths and weaknesses,

explore interests and values,

develop realistic career plans,

and build decision-making competence.

Given the limited number of qualified specialists in Georgia, there is a pressing need for
collaboration with foreign colleagues, knowledge exchange, and adaptation of modern research
instruments and counseling methodologies. International cooperation can significantly contribute
to building local capacity and raising professional standards in this field.

Conclusion

Career choice among young people in Georgia is characterized by insufficient awareness, strong
external influence, and a lack of structured psychological support. At the same time, there is a
clear and growing demand for professional career counseling services. The findings of this study
underscore the importance of integrating psychologists into career guidance systems and
developing evidence-based practices adapted to the Georgian context.

Active work in this direction is only beginning in Georgia, and the shortage of qualified specialists
highlights the necessity of cooperation with competent foreign colleagues. By adopting and
adapting modern research tools and counseling approaches, Georgia can establish an effective
system of psychological career guidance that supports young people in making informed,
autonomous, and developmentally appropriate career choices.
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Regardless of historical development, the institution of the family remains of primary importance
to society and the state, serving as the foundation for the development and functioning of society.
Currently, the understanding of family and family values is undergoing a transformation. In some
modern countries, the image of these institutions is changing, which is influencing the
development and worldview of future generations. In particular, the most significant
transformations have occurred in European countries and the United States, which have extended
their influence to other Eastern countries, radically altering notions of family and attempting to
impose their positions and views on our country.

However, despite the proclamation of protection for the family and family values in the
aforementioned documents, legislation still lacks a clear definition of "family." The term is rather
vague, and the concept of "family values" is not defined, leading to various debates. Analyzing
family legislation, it can be noted that this term is quite common, but to date, it has only been
present in legal doctrine. Consequently, the essence of "family" and "family values" and what
specifically needs to be protected remain unclear.

At this point, it is necessary to highlight which values can be classified as family values and
what this concept encompasses:

- caring for loved ones;

- equality of spouses;

- respect for each other;

- the worthy development of children;
- procreation.

The family institution is the foundation of society. The family institution, which carries the
ethno-cultural heritage of society, people, and nation, keeps its customs and traditions alive, and
shapes the upbringing of the younger generation, has always had a serious impact on all
development processes of society and the establishment of the state on sound foundations. In
every country, a strong family is at the root of the development of society, and a healthy family is
the foundation of a healthy society. In the mental values of the Azerbaijani people, the family is
also a sacred hearth, a source of respect and reverence.

The creator of national spiritual values, which are related to the spirituality, moral norms,
and views of people, is the people. National spiritual values, which are the main indicator of the
existence of the people, are their most valuable wealth. These national spiritual values are our
history, language, religion, customs and traditions, mentality, family, culture, literature, and art.
Azerbaijani society is a part of the modern world, combining the most valuable aspects of Western
and Eastern cultures. The strengthening of our cultural integration with the world and the rapid
development of information technologies are leading the peoples living on the planet towards
integration and a single system of values. In such circumstances, it is more urgent to mobilize
efforts to preserve traditional culture and preserve national spiritual values. Therefore, first of all,
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the current state of values existing in society should be studied. National leader Heydar Aliyev said:
"Today, as an Azerbaijani, as a person who embodies both national and spiritual values, | say that
the spiritual and moral mentality of our people is its greatest wealth, its national wealth. We have
so many beautiful moral rules, which have been formed over the centuries, for example, the
respect of the younger for the older, the care of the older for the younger, the boundless respect
of the child for his parents, and the care and love of parents for their children. This is the mentality
of our people. Universal values are reflected in our constitution. We are conducting a legal,
democratic, secular state-building process. In this one sentence, the expression of universal values
has found its place. The unity and synthesis of universal values and national and spiritual values is
the present and future of our national ideology."

By modern society, we also mean a multicultural society that accepts the challenges of a
globalized world. “Today, the world is witnessing an increasingly deepening process of
globalization - the intensification of relations between states in politics, economics, religion,
culture, social life, military cooperation and other areas. The main feature of this process is that it
is based on Western cultural standards. Globalization, which gives rise to a completely new level
of monoculture and homogeneity, turns into a large-scale standardization according to Western
models of development: people in different corners of the world dress the same - European-style,
prefer the same fashion, the same customs and tastes, watch the same films, listen to the same
music, and worship the same idols, most of whom represent Western culture.”

Thus, the family is the core of both traditional and modern society and, as a social
institution, plays an important role in the development of individuals and the formation of a
personality. Because the family educates citizens who are the leading force of society, forms a
system of national-moral values, and acts as a regulator of social relations. In the modern era, the
independent Republic of Azerbaijan is also integrating into the world community, and the renewal
in society, the natural flow of socio-political and cultural events, the change and complication of
people's lives, lifestyles, and social changes in the structure of society have led to the emergence
of new shades in their worldview, their attitude to events and the family. Against the background
of this renewal process, the issues of preserving, strengthening, developing, and perpetuating
national-moral and religious-cultural values are of great importance. The modern Azerbaijani
family, being an integral part of the globalized world and modern society, also has an important
role in this area.
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This article explores the phenomenon of “between the mirror and the self” in the context of
digital culture, analyzing the impact of the digital “mirror” (social networks, visual images, avatars,
likes) on the personality and psychological well-being of students. The article is devoted to
analyzing the influence of digital culture on the formation of identity, self-perception, and
psychological well-being of students. It considers classical concepts of personality (B.V. Zeigarnik),
clinical-psychological approaches (B.D. Karvasarsky), modern digital psychotechnologies (M.
Perre; Depuy & Aiacone), and the role of the digital “mirror” in constructing students' self-esteem
and psychological state. It is shown that the digital environment generates multi-layered
reflections of personality, forming identity conflicts and the phenomenon of “digital identity.” The
paper substantiates the key role of identity as an integrator of internal and external experience.
Psychotechnological approaches and recommendations for media education are proposed. The
main question is: what determines student well-being, the digital mirror or personality?

Keywords: personality, digital culture, student well-being, self-perception, mirror, identity,
psychotechnologies

MEXAY 3EPKAZTOM U IMMHOCTbBIO: LLM®POBAA KY/IbTYPA, CAMOBOCMNPUATUE U
BNATONONYYNE CTYOEHTA
Ctatba muccneayer GeHOMEH «MeXAy 3epKasoM U JIMYHOCTbIO» B YCA0BUAX LMOPOBOMN
KY/IbTYPbl, aHaNN3npysa BAMAHNE LUMOPOBOro «3epKana» (COLCeTH, BM3yabHble 0bpasbl, aBaTapsbl,
NaKK) Ha IMYHOCTb M MCUxonornyeckoe bnarononyyme cryaeHta. CtaTba NOCBAWEHA aHaNM3y
BAMAHMA LUMPPOBOM  KyAbTypbl Ha GOPMUPOBAHME WMAEHTMYHOCTM, CaMOBOCMPUATUA U
ncmMxonormyeckoro 6Hnarononyyma CTyaeHTa. PaccmaTpmBatoTCA  KNacCMYeCcKMe  KOHLEnuUmm
nnyHoctn (B, B. 3eMrapHuk), KAMHMKO-Ncuxosorndeckme nogaxoabl (b. [. Kapsacapckuit),
coBpeMeHHble Uudposble ncmxoTexHonornn (M. Meppe; Depuy & Aiacone) n ponb UMbpPOBOro
«3epKana» B KOHCTPYMPOBAHMM CAMOOLIEHKM W MCUXONOTMMYECKOTO COCTOAHWMA CTYAEHTOB.
Moka3aHo, 4To UuMbpoBas cpesa NOPOKAAET MHOIOC/IOMHbIE OTPAKEHMA NMYHOCTM, GOpMMPYS
NAEHTUYHOCTHbIE KOHMAMKTbI U deHOMeH «LUMdpoBOM AMYHOCTM». B paboTe obocHOBbIBaETCA
KNtoyeBaa posib MAEHTUYHOCTU KaK MHTerpaTopa BHYTPEHHEero 1 BHeLWHero onbiTa. MpeanoxKeHsi
NCUXOTEXHONOTMYECKME NOAXOAbl M PEKOMEHAALMN NO Meanaobpa3zoBaHMto. OCHOBHOM BONPOC:
4yTO onpeaenseT baarononyyme CTyaeHTa, UuMbpoBOE 3epPKano UAM NUYHOCTL?
KntoueBble  cnoBa: /MYHOCTb, UMbpoBas  KynbTypa, 6Gnaronosnydme  CTyAeHTa,
CaMOBOCMpPUATHE, 3ePKaN0, NAEHTUYHOCTb, MCUXOTEXHONOTUN.

Introduction

Modern digital culture has radically transformed the ways in which we present and perceive
ourselves: social networks, visual platforms, and algorithmic interfaces are turning traditional
mechanisms of self-perception into a complex process of comparing the “inner self” and creating
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a new form of “mirror” in which a person sees a reflection of their own personality that turns out
to be distorted or fragmented, referred to as “digital alienation” (alienation, fragmentation,
depersonalization). Modern students spend a significant amount of time in the digital
environment: educational platforms, social networks, messengers, and various applications
become a “mirror” of their self-presentation. The increase in screen time and involvement in
visual practices intensifies the processes of social comparison and affects the subjective well-being
of students. The question “between the mirror and personality, identity and well-being” becomes
key to understanding how students construct their “self” in the context of digital culture.

In these conditions, it is important to identify the mechanisms of interaction between the
mirror, personality, identity, and well-being in order to offer effective psychotechnological
approaches and recommendations for media education aimed at supporting students'
psychological health [8]. Thus, the study is relevant for personality psychology and educational
psychology, as well as for practical work in the field of digital well-being, media hygiene, and
psychotechnologies, especially in the context of the growing digitalization of education in
Kazakhstan and worldwide [7].

Research objective: to identify the mechanisms by which the digital environment influences
students' self-perception and psychological well-being, as well as to determine the role of the
digital mirror and digital identity.

Research objectives:

To analyze the impact of digital culture on self-perception;

To reveal the phenomenon of the digital “mirror”;

To compare classical psychological concepts (Cooley, Zeigarnik, Karvasarsky) with modern
digital practices;

To determine how digital self-perception relates to students' psychological well-being;

To propose psychotechnological recommendations aimed at harmonizing the "mirror-
personality-identity" interaction in digital culture.

The research questions: how do digital platforms construct a "mirror" of self-presentation;
what constitutes "digital identity"; and what is the relationship between the digital mirror, identity,
and student well-being.

Hypotheses: the digital "mirror" transforms the structure of self-perception; digital identity
influences students' subjective well-being; classical theories (Cooley, Zeigarnik, Karvasarsky) are
relevant in the digital environment; psychotechnological tools can support mental health in a
digital culture.

The digital space has created a new reality in which people exist between the image they
project and their real personality, as the digital environment influences not only behavior but also
the personality structure, identity, and emotional state of young people.

A digital mirror is understood as the totality of reflections of a person's identity in digital
spaces: profiles, photographs, visual stories, algorithmic statistics (likes, views), audience
reactions, and platform recommendations [8]. Unlike a physical mirror, a digital mirror actively
shapes self-perception through algorithmic selection, promotion of certain content, and creation
of visibility norms [15].

The phenomenon of “between the mirror and the personality” describes a contradiction:
the mirror (external image), social evaluation, comparison, expectation [3]. The digital mirror is a
tool for self-construction that reflects personality in a digital environment: social media profile,
visual image, activity statistics, audience feedback. Unlike a physical mirror, it actively interferes
with self-perception, shapes standards of success, creates socially approved models of behavior,
reinforces comparison processes, and influences self-esteem. There is a direct link between
cognitive phenomena, the mirror, and personality.
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M. Perre emphasizes that digital interfaces “enhance emotional reactivity and adjust self-
esteem depending on the digital context,” creating a “second personality” as a controlled image
that often has little to do with the real “self.” The concept of a digital “self” or digital double is
introduced, which can be either a resource or a threat. It must be clearly understood that well-
being depends on the maturity of the personality, not on an “ideal” digital reflection [16].

The digital mirror is particularly significant during student years, when professional,
personal, and social identities are forming.

Zeigarnik defines personality as a stable and dynamic system, the foundation of self-
regulation, which ensures: behavioral integrity, activity structure, motivation stability, and the
ability to self-regulate [2].

Personality, the deep foundation that is not always reflected in digital images. The digital
mirror activates tension if internal resources are weak: the external environment can amplify
unfinished experiences if the core personality is unstable. Well-being increases when a person
completes meaningful tasks and relies on personal meanings [2].

Karvasarsky adds to this with a clinical-psychological perspective: centralization of the
psyche ensures stability of personality, which is the basis of psychological health and inner order,
as well as the development of critical thinking. Personality regulates reactions to external stimuli
and digital feedback. A personality with weak internal resources becomes dependent on the digital
mirror, which reduces well-being [4].

In the context of digital culture, personality remains an important internal resource, but its
ability to act as a regulator of self-perception is called into question by the intense external
pressure created by the digital mirror [4].

How can a person remain “whole” if every new message, new contact, and new role adds
another version of themselves to it? Identity determines how a person understands who they are
in different situations and relationships. It does not live inside us as something uniform; it is
created every day through communication, choices, roles, social networks, school, family, and
even how we think about ourselves. In this context, identity expresses a set of “versions of oneself”
that combine into a single image of a person.

If personality characterizes the core, then identity characterizes the dynamic in digital
culture, a process that answers the question “Who am I?” in the contexts of real interaction, virtual
communication, professional expectations, and social demands. In digital culture, identity
becomes more fluid, encompasses multiple roles, is shaped by digital norms, depends on social
recognition, and may conflict with real experiences.

Depuy and Ayacone argue that digital identity is hybrid: the rea plus the digital image.
Managing this hybrid determines a student's mental well-being: digital platforms amplify identity
conflicts (the clash of different versions of the “I” within a person) and lead to a decrease in
subjective well-being when there is a discrepancy between images of the “I” [9].

The phenomenon of self-perception in the digital environment is closely related to Charles
Cooley's classic theory of the looking-glass self. According to this theory, personality is formed
through the perception of how others see and evaluate it, that is, “I see myself through the eyes
of others,” through a virtual “mirror” in which the student sees a reflection of themselves through
likes, comments, views, and audience reactions [7].

The digital “mirror” increases attention to one's own visual identity: photos, videos, selfies,
filters, and avatars become tools for self-presentation [13]. At the same time, the effect of social
comparison is actively manifested when students evaluate themselves in relation to the images of
other users, which can increase anxiety, lower self-esteem, and affect subjective well-being [11].

At the same time, the digital environment creates opportunities for experimenting with
identity, which can be a positive factor in personal development if students consciously integrate
the experience of digital self-presentation into their real selves. Otherwise, the phenomenon of
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“digital identity,” fragmentation of self-perception, and depersonalization of the individual, as
mentioned earlier, arises [7].

Thus, Cooley's theory allows us to understand how the digital “mirror” influences the
formation of self-perception and identity, and serves as the basis for the development of
psychotechnological approaches aimed at maintaining the psychological health of students [7].

The mirror serves as a medium that eventually becomes part of the psychological ecosystem
of the individual. A dynamic of mutual influence develops between them: the individual changes
their behavior under the influence of the interface, the interface shapes the individual's
expectations and reactions, and contradictions arise, as the mirror reinforces dependence on
external evaluations: likes, reactions, and statistics become criteria for self-worth.

In turn, the individual loses control over their self-esteem when self-regulation is replaced
by algorithmic feedback [6].

A fragmented identity is formed, characterized by anxiety, unstable self-esteem,
dependence on external validation, and a decline in quality of life. For students who are in the
formative phase, where digital pressure amplifies emotional fluctuations, identity fragmentation
reduces motivation and increases the risk of emotional burnout [9].

The question arises: what is the priority for students: the mirror, personality, or identity?
The question of what is decisive in the formation of self-perception and psychological well-being,
the inner core of personality or the external digital mirror, is viewed differently in classical and
modern scientific approaches.

Classical psychological approaches prioritize the individual. Traditional Russian and
European psychology, based on the works of B. V. Zeigarnik, B. D. Karvasarsky, and followers of
the cultural-activity school, asserts that the foundation of mental development is personality as
an internal, relatively stable system of traits, motives, attitudes, and methods of self-regulation
[5].

| o

Zeigarnik emphasized that personality is a structured and integrated system in which
disturbances lead to behavioral and emotional deformities [2]. Karvasarsky viewed personality as
the foundation of mental health, pointing to the need for internal factors to be aligned in order to
function harmoniously [4].

From the perspective of classical approaches, external reflections, whether social or digital,
are secondary, since it is the personality that regulates how a person interprets external
experiences. Priority will be given to the personality as a source of stability, self-esteem, and
behavior.

Contemporary approaches prioritize the digital mirror and external reflections.
Contemporary digital psychology, research by M. Perre, and the work of Depuy & Aiacone show
that in the context of digital culture, the key factor in the formation of self-awareness is the digital
mirror, a combination of profiles, avatars, network feedback, and algorithmically generated
reflections [9].

The digital mirror affects the student's emotional state, sense of competence, experience of
success, and social confidence. It creates an environment of constant comparison, which increases
sensitivity to external evaluation and makes external reflections more significant than in the
classical model of development.

Bayatova G.M. also emphasizes that digital learning shapes a new culture of self-
presentation and self-control, where identity becomes distributed among several digital roles [1].

An integrated view shows that priority should shift towards identity, as it connects: the inner
content of the personality, the external digital mirror, and the social context of digital culture.

Identity allows students to integrate different versions of themselves: real, academic, digital,
professional. It is identity that provides integrity and stability in the face of digital pressure and a
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multitude of roles. With a stable identity, the digital mirror becomes a resource for development;
with an unstable identity, it becomes a risk factor.

In the modern understanding, priority is not given to the mirror or to the individual
separately, but to identity as a mechanism for reconciling them.

Table 1: Comparison of the influence of “mirror” and “personality” on student well-being

Parameter Mirror  (external digital | Personality (inner core)
assessment)

Source of self-esteem Likes, comments, visual Values, autonomy,
comparisons reflection

Emotional stability Fluctuations, dependence Resilience, self-regulation
on feedback

Impact on well-being May reduce well-being | Increases resilience and
when images diverge adaptability

Role in digital culture Creates pressure, shapes Filters the environment,
expectations reduces stress

A student's psychological well-being is a state where they have enough resources and skills
to keep their emotions in check, stay motivated, interact with others in a healthy way, and learn
effectively in a digital environment. Student well-being depends on the consistency of: internal
personality structure, digital self-identification, and the image transmitted in the digital mirror.

In practical terms, student well-being manifests itself in a combination of several
dimensions: emotional regulation as the ability to manage levels of anxiety, anger, and stress.
(Reducing prolonged stress is a key goal, as chronic stress negatively affects health and cognitive
functions) [1]; cognitive resilience as the ability to focus deeply, plan, and complete academic tasks
(as opposed to clip attention); academic self-regulation, motivation, planning, and study skills (the
ability to work without constant Al prompts); social well-being, expressed in the quality of
interpersonal relationships, a sense of belonging, and support from peers/teachers; digital
competence and ethical awareness, expressed in the ability to use technology safely, responsibly,
and critically; physical health related to digital activity-sleep patterns, physical activity, and visual
strain [3].

These components are interrelated: for example, constant information stress reduces
cognitive resilience and academic motivation [18]. At the same time, short-term memory becomes
overloaded, and meaningful perception processes are replaced by superficial “scanning” of
information. Therefore, the digital educational environment must be psychologically adaptive,
taking into account attention rhythms, anxiety levels, and the ability to self-organize.

Psychological well-being implies inner meaning, development, and self-acceptance. It
includes: a sense of meaning in life and goals; personal growth; autonomy (the ability to make
decisions); self-acceptance; positive relationships with oneself and others; a whole, growing,
meaningful person. For example: a student feels that they are developing, understands their
values, and is able to manage their emotions, even if this week has been difficult.

Social well-being refers to relationships, support, and place in society: how a person feels in
society, in relationships, groups, and social roles. It includes: a sense of belonging (“ am part of a
group”); social support (friends, family); trust in society; feeling needed; comfort in social
interactions, “l am part of society, | am not alone, and | can rely on others.” For example: a student
has friends, participates in projects, receives support, and feels accepted [18].

Subjective well-being characterizes feelings of happiness and satisfaction with life, personal
assessment of one's life, and how happy a person feels. It is understood as: satisfaction with life;
emotional balance (more positive than negative emotions); feeling joy in everyday life. For
example: “Overall, | am satisfied with my life,” even if there are difficulties in my studies [14].
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Social well-being is considered a factor influencing psychological and subjective well-being
through digital interactions.

Understanding the differences between classical and modern approaches allows us to
identify the conditions for the formation of students' psychological well-being: the classical model
provides resources for internal stability and self-regulation; the modern model takes into account
the influence of the digital environment; the integral model explains how exactly students can
maintain integrity by combining both sources of experience.

Thus, the formation of a student's psychological well-being does not occur in isolation. All
of the components considered—the digital mirror, personality, and identity—are realized and
interact within the framework of modern digital culture, which sets the rules for self-presentation,
social interaction, and self-assessment.

Digital culture provides the context in which internal and external aspects of self-perception
are integrated. It determines how students construct a digital reflection of themselves, align it
with their personal characteristics and identity, and regulate the influence of external feedback
on their emotional state and motivation. In this context, the digital mirror becomes a tool for
development and self-expression, while personality stability and identity flexibility ensure high
psychological well-being [11].

Digital culture sets rules, norms, and algorithms for interaction, influencing the formation of
students' identities and emotional states.

Digital culture is an active factor that shapes ways of self-presentation, self-assessment, and
interaction with the educational environment. When used correctly, digital culture becomes a
resource for personal development and well-being.

A mixed-method design combining quantitative and qualitative approaches is
recommended for a comprehensive study of the phenomenon of digital identity and its impact on
well-being. Validated psychodiagnostic methods are used to diagnose psychological, social, and
subjective well-being, each of which assesses its own level and structure of well-being [8]. The
target group may consist of students aged 18-25 who are active social media users. The
recommended sample size for the quantitative part is a minimum of 80—-120 respondents; for the
gualitative part, 8—15 in-depth interviews.

Subjective well-being is most often measured using the Satisfaction with Life Scale (SWLS),
which allows one to assess a person's overall cognitive attitude toward their life, i.e., how
successful they consider their life to be and whether it meets their expectations [10]. In addition,
the WHO-5, World Health Organization Well-Being Index, is used. This is a brief index of
psychological state and subjective well-being consisting of five statements reflecting the level of
energy, emotional tone, and interest in life; the method allows for the rapid identification of a
decline in emotional well-being [19].

Ryff's Scales of Psychological Well-Being, which includes six components: autonomy,
personal growth, self-acceptance, environmental mastery, positive relationships, and life purpose,
is widely used to assess psychological well-being. This methodology allows us to determine the
extent to which a person feels like a developing, whole, and mature personality [17].

Social well-being can be diagnosed using the Multidimensional Scale of Perceived Social
Support (MSPSS), which shows how much support a person feels from family, friends, and
significant others, as well as social integration questionnaires, which reveal the level of
involvement in the social environment and the quality of interpersonal relationships. The
combined use of these techniques provides a comprehensive picture of well-being and allows us
to identify the relationships between a person's internal state, their social environment, and their
subjective assessment of their quality of life [17].
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To support students' psychological and subjective well-being in conditions of intensive use
of digital platforms, it is important to implement psychotechnological approaches aimed at
harmonizing the interaction between “mirror — personality — identity.”

Media hygiene and digital literacy training, including skills in critical perception of
information, conscious use of social networks, regulation of screen time, and reduction of the
harmful effects of constant comparison with other users [1].

Mindfulness and self-regulation techniques aimed at reducing anxiety and restoring
emotional balance: short meditations, mindful breathing, digital detox, practicing focusing on real
experiences [14]. Digital monitoring and self-observation, including keeping an online activity diary
and tracking emotional state when interacting with digital platforms, which allows identifying
stress triggers and adjusting behavior [9].

Online counseling and psychological support using adapted digital psychotechnologies:
chatbots, self-analysis platforms, interactive tests, and training courses that promote the
development of emotional resilience skills [10]. Creation of a safe digital space in educational
institutions, including support for students in forming a healthy visual identity, prevention of
“digital anxiety,” and training in constructive self-presentation [9].

Implementing these approaches promotes harmonious self-perception, strengthens
identity, and enhances students' psychological and subjective well-being, minimizing the negative
impact of the digital environment.

The Social Dilemma (2020), a documentary drama film that demonstrates the mechanisms
by which social media algorithms influence users' emotional states and the process of forming
unstable identities, especially among young people; The film illustrates the model “algorithm -
digital mirror - distorted identity - reduced well-being” [10].

Thus, digital culture has created a new “mirror” of personality that is dynamic, socially
saturated, and oriented toward external evaluation. It simultaneously expands opportunities for
self-realization and creates risks for psychological well-being, especially among young people.
Harmonizing personality in the digital age requires the development of awareness, media literacy,
and emotional stability, as well as culturally sensitive psychological support programs. As K.-Zh.
Tokayev [20] noted, “the formation of a digital culture and the development of a psychologically
safe educational environment is a key condition for successful digitalization,” which is directly
related to the tasks of strengthening the digital identity and well-being of students.

In the context of digital culture, the boundaries between the mirror self and the real
personality are becoming increasingly fluid, forming new mechanisms of self-perception, self-
regulation, and psychological well-being. The digital “mirror,” a combination of media image,
social reflections, algorithmic recommendations, and visual practices, is beginning to perform
functions that classical psychology associated with interpersonal interaction.

Recent studies confirm that digital environments reinforce both mental resilience and
vulnerability. Students may develop a dependence on external digital feedback for their self-
esteem, which affects their subjective well-being, motivation, professional self-determination, and
stress resilience dynamics.

However, the digital mirror is not entirely destructive: with competent psycho-technological
support, it becomes a tool for development, a means of critical self-observation, reflection,
professional growth, training in emotional regulation, and media awareness. Harmonizing the
personality in the digital age requires the development of awareness, media literacy, and
emotional stability, as well as culturally sensitive psychological support programs. As K.-Zh.
Tokayev [20] noted, “the formation of a digital culture and the development of a psychologically
safe educational environment is a key condition for successful digitalization,” which is directly
related to the tasks of strengthening the digital identity and well-being of students.
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Personality does not disappear behind the screen; it transforms, and the quality of this
transformation depends on the culture of digital interaction, the level of media literacy, and the
extent to which the subject is able to maintain autonomy and a critical position within digital
reflection procedures.

In conclusion, it can be argued that the digital mirror is becoming a powerful factor in
shaping the personality of the 21st century: it influences not only self-perception, but also
psychological well-being, values, educational trajectories, and life strategies. The task of science is
to offer tools that will help students see not a “distorted reflection” but a holistic image of
themselves, where digital identity serves to develop rather than replace personality.
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