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Abstract. Competency-based education (CBE) requires transparent and 
objective assessment mechanisms to accurately evaluate learning outcomes. 
However, many institutions still face challenges related to inconsistent assessment 
tools, subjective grading, and weak alignment between competencies, outcomes, 
and evaluation criteria. This paper presents Q-Bilim, an intelligent assessment 
system that structures and automates evaluation processes through a weighted 
model linking competencies, expected outcomes, and measurement instruments. 
An empirical study of Q-Bilim was conducted in the “Database Fundamentals” 
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course from 2021 to 2024 with 170 undergraduate students of varying academic 
preparation. A unified four-level grading scale ensured consistency, while statistical 
methods such as ANOVA, Tukey’s HSD test, regression analysis, and cluster 
analysis were used to assess cohort differences, identify learning patterns, and 
examine how assessment weightings affect overall performance. This approach 
provided insights into factors shaping competency development. The study’s 
main contribution is the development and validation of a scalable, competency-
based assessment framework implemented within Q-Bilim. Findings show a clear 
relationship between assessment weightings and student achievement, while cluster 
analysis revealed distinct learner categories from high-performing students to those 
needing additional support. The practical significance of Q-Bilim lies in its ability 
to support long-term monitoring, expose weaknesses in curriculum design, and help 
instructors make timely, data-driven decisions. Future work includes expanding the 
system to other disciplines and integrating advanced AI methods – such as graph 
neural networks – to enhance analytical precision, personalization, and usability.
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Аннотация. Құзыреттілікке негізделген білім беру (CBE) оқу нәтижелерін 
дәл бағалау үшін ашық және объективті бағалау механизмдерін талап етеді. 
Алайда көптеген оқу орындары бағалау құралдарының жүйесіздігіне, балл 
қоюдағы субъективтілікке және құзыреттер, күтілетін нәтижелер мен бағалау 
критерийлері арасындағы әлсіз үйлесімге байланысты қиындықтарға әлі де 
тап болып отыр. Бұл мақалада құзыреттерді, күтілетін нәтижелерді және 
өлшеу құралдарын өзара байланыстыратын өлшемдік модель арқылы бағалау 
үдерісін құрылымдап, автоматтандыратын Q-Bilim интеллектуалды бағалау 
жүйесі таныстырылады. Q-Bilim жүйесіне жүргізілген эмпирикалық зерттеу 
2021–2024 жылдары «Деректер базасының негіздері» курсында әртүрлі 
дайындық деңгейіндегі 170 бакалавр студентінің қатысуымен өткізілді. 
Бірыңғай төрт деңгейлі бағалау шкаласы бірізділікті қамтамасыз етті. ANOVA, 
Tukey HSD, регрессиялық және кластерлік талдау сияқты статистикалық 
әдістер топтар арасындағы айырмашылықтарды анықтау, оқу үлгілерін 
сипаттау және бағалау салмақтарының жалпы жетістікке әсерін зерттеу үшін 
қолданылды. Бұл тәсіл құзыреттіліктің қалыптасуына ықпал ететін факторлар 
жөнінде маңызды түсініктер берді. Зерттеудің негізгі нәтижесі – Q-Bilim 
жүйесінде іске асырылған ауқымды, құзыреттілікке бағытталған бағалау 
моделін әзірлеу және оны дәлелдеу. Нәтижелер бағалау құралдарының салмағы 
мен студент жетістіктері арасында айқын байланыс бар екенін көрсетті, 
ал кластерлік талдау жоғары жетістікке жететіндерден бастап қосымша 
қолдауды қажет ететіндерге дейін әртүрлі студент топтарын анықтады. 
Q-Bilim жүйесінің практикалық маңызы – ұзақ мерзімді мониторинг жүргізу, 
оқу бағдарламаларындағы әлсіз тұстарды анықтау және оқытушыларға 
деректерге негізделген жедел шешімдер қабылдауға көмектесу. Болашақта 
жүйені басқа пәндерге кеңейту және аналитикалық дәлдікті, жекелендіруді 
және қолайлылықты арттыру үшін графтық нейрондық желілер сияқты озық 
жасанды интеллект әдістерін интеграциялау жоспарлануда.

Түйін сөздер: құзіреттілікке негізделген білім беру, оқу нәтижелері, 
студенттердің үлгерімі, білім беру аналитикасы, Q-Bilim, бағалау жүйесі
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Аннотация. Компетентностное обучение (CBE) требует прозрачных и 
объективных механизмов оценивания для точного измерения результатов 
обучения. Однако многие учебные заведения по-прежнему сталкиваются 
с проблемами, связанными с несогласованными инструментами 
оценивания, субъективностью выставления баллов и слабой связью между 
компетенциями, ожидаемыми результатами и критериями оценивания. В 
данной работе представлен Q-Bilim – интеллектуальная система оценивания, 
которая структурирует и автоматизирует процесс оценки с помощью 
взвешенной модели, связывающей компетенции, ожидаемые результаты и 
инструменты измерения. Эмпирическое исследование Q-Bilim проводилось 
на курсе «Основы баз данных» в 2021–2024 годах с участием 170 студентов 
бакалавриата с разным уровнем подготовки. Единая четырехуровневая 
шкала обеспечила согласованность, а такие статистические методы, как 
ANOVA, критерий Тьюки (HSD), регрессионный и кластерный анализ, 
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были использованы для оценки различий между группами, выявления 
учебных паттернов и изучения влияния весовых коэффициентов на итоговые 
результаты. Такой подход позволил получить представление о факторах, 
влияющих на формирование компетенций. Основной вклад исследования 
заключается в разработке и валидации масштабируемой компетентностно-
ориентированной модели оценивания, реализованной в системе Q-Bilim. 
Результаты показали чёткую связь между весами оценочных инструментов 
и академическими достижениями студентов, а кластерный анализ позволил 
выделить различные группы обучающихся – от высокоуспевающих до 
нуждающихся в поддержке. Практическая значимость Q-Bilim проявляется 
в возможностях долгосрочного мониторинга, выявления слабых мест в 
образовательных программах и помощи преподавателям в своевременном 
принятии решений на основе данных. В дальнейшем планируется расширение 
системы на другие дисциплины и интеграция методов ИИ – таких как графовые 
нейронные сети – для повышения аналитической точности, персонализации и 
удобства использования.

Ключевые слова: компетентностно-ориентированное образование, 
результаты обучения, академическая успеваемость, образовательная 
аналитика, QBilim, система оценивания

Introduction. One of the major developments in contemporary educational 
systems is competency-based education, or CBE. This method emphasizes students' 
academic knowledge as well as their practical abilities, professional competencies, 
and capacity to apply knowledge in real-world scenarios. The CBE model is widely 
used in the United States, Kazakhstan, a number of Latin American nations, and 
Western European nations (as part of the Bologna Process).

Throughout the educational process, learning outcomes must be methodically 
planned, tracked, and evaluated in order for CBE to be implemented successfully. 
However, it frequently becomes challenging to effectively measure the quality of 
courses because of the irregularities in these procedures and the dearth of efficient 
assessment instruments in many educational institutions. Furthermore, two major 
factors that lower the overall efficacy of the teaching process are the instructors' 
use of a variety of evaluation techniques and the lack of well-defined connections 
between learning outcomes and competences.

We suggest Q-Bilim, a novel information system, as a solution to these issues. 
The purpose of this system is to automatically evaluate student performance and 
track the caliber of competency-based education. The following are the main goals 
that the Q-Bilim system seeks to accomplish: Osygan Baylanysty, without Q-Bilim 
dep atalatyn zhana akparattyk zhuyeni usynamyz. Bul zhuye kuzyrettіlіkke 
negіzdelgen kurstard studentzhetistigіn avtomatty turde bagalauga zhane kurstyn 
sapasyn monitoringteuge arnalgan.

The following primary goals are intended to be addressed by the Q-Bilim system:
• formalization of the competency model for the course, which involves 
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describing how competencies, learning goals, and assessment instruments relate to 
one another;

• evaluation of each component's corresponding student achievement levels;
• examination of the dynamics of course development throughout a number of 

academic years;
• assessment of the effectiveness of educational decisions, such as modifications 

to the curriculum or teaching methods;
• graphical reports that give teachers and students clear, understandable feedback.
The Q-Bilim system's architecture, working principles, and results from years 

of use in a particular course (such as Introduction to Programming) are presented 
in this article. Statistical techniques like Tukey's post-hoc tests and analysis of 
variance (ANOVA) have validated the strategy's efficacy.

Literature review. The development of the concepts of learning outcomes 
and competencies in higher education has been the focus of growing scholarly 
attention since the late 20th century. Mulder, Weigel, and Collins highlighted the 
role of competence in vocational education across EU member states, emphasizing 
its importance for curriculum design and policy implementation Mulder M. 
et al. (2007). In a similar direction, Harden examined the distinction between 
instructional objectives and learning outcomes, thereby grounding the paradigm of 
student-centered learning Harden R.M. (2002).

From the perspective of personalization and adaptability, Brusilovsky and 
Millán provided a seminal contribution by introducing user models for adaptive 
hypermedia, offering theoretical and practical foundations for individualized 
learning pathways Brusilovsky P. et al. (2007). These ideas paved the way for 
modern applications of artificial intelligence in educational systems.

Digital learning environments have increasingly been analyzed through the lens 
of AI-based learning analytics. Aldahwan and Alsaeed highlighted the potential 
of artificial intelligence to enhance the functionality of Learning Management 
Systems, demonstrating how AI-driven techniques can improve learner monitoring, 
support, and overall analysis within LMS platforms (Aldahwan & Alsaeed, 2020). 
Complementing this, Zawacki-Richter and colleagues conducted a systematic 
review of AI applications in higher education, identifying not only the opportunities 
but also ethical and methodological limitations of AI integration Zawacki-Richter 
O. et al. (2019).

A related line of inquiry focuses on the ontological modeling of learning 
processes. Capuano, Gaeta, Salerno, and Mangione proposed an ontology-based 
approach for context-aware e-learning, demonstrating how semantic structures can 
enhance the organization and adaptation of educational content (Capuano et al., 
2011). This was expanded by Nazyrova et al., who investigated the consistency 
between prerequisites and learning outcomes across educational programs using an 
ontological approach Nazyrova A. et al. (2023). Together, these works suggest the 
value of ontology for the automated analysis and improvement of curricula.
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Recent years have also seen a surge of interest in assessing and enhancing 
learning outcomes more broadly. Goss reviewed the literature on outcomes 
assessment in higher education and academic libraries, pointing to the need for 
systematic practices Harrold Goss. (2022). Doo and Kim conducted a meta-analysis 
demonstrating a significant relationship between learning engagement and learning 
outcomes in online higher education environments (Doo & Kim, 2024). Similarly, 
Akpen and colleagues provided a systematic review of online learning’s impact on 
students’ performance and engagement Akpen C.N. et al. (2024).

Within innovative instructional contexts, Alizadeh explored learner engagement 
and perceived learning outcomes in immersive flipped learning Alizadeh M. 
(2024). Alyasin and colleagues further stressed the importance of moving from 
fragmented practices toward systematized learning outcomes assessment Alyasin 
A. et al. (2023). Finally, López-Nuñez et al. carried out a systematic review of 
digital competence evaluation in higher education, underscoring its significance 
for quality assurance and sustainable educational development López-Nuñez J. et 
al. (2024).

Research methods. The methodological basis of the study is based on the 
principles of competency-based education (CBE) and constructive identification. 
A multi-level methodological approach was used to assess the effectiveness of the 
Q-Bilim system. It includes formal modeling, empirical data collection, quantitative 
and qualitative analysis, as well as statistical methods.

Formal modeling. The hierarchical relationships between course competencies, 
learning outcomes, and assessment tools were described using weighting 
coefficients. This structure clearly demonstrates the relationship of each learning 
outcome to a specific competency and allows for objective monitoring over several 
academic years.

Data and sampling. The empirical study was conducted in the course 
“Fundamentals of Databases” from 2021 to 2024. A total of 170 students were 
included. Three cohorts were formed and distributed approximately equally 
according to the three academic years. The levels of preparation of the students 
were different: some had basic programming skills, while others started the subject 
from scratch. This situation ensured the representativeness of the study, however, 
stratified analysis is considered as a direction for future research.

Unified rating scale. To avoid differences in interpretation, all numerical ratings 
(0–100) were converted into qualitative levels on a single four-point scale (Table 
1). This scale was used throughout the analysis.

Table 1. Unified four-point rating scale
Score range Quality level

90–100 Excellent 
70–89 Good 
50–69 Satisfactory 
0–49 Needs improvement 
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Quantitative and qualitative analysis. Student results were presented in 
both quantitative and qualitative terms. Color-coded tables and charts were used 
to illustrate the level of mastery of competencies and learning outcomes. This 
approach made data easier for teachers and students to understand.

Results. Traditional analysis of variance (ANOVA) and Tukey HSD test 
were used to identify diff erences in each academic year (p < 0.05). In addition, 
regression analysis was conducted to determine the relationship between the 
weighting coeffi  cients of assessment tools and the overall performance of students. 
In addition, cluster analysis was conducted to group students' learning trajectories, 
resulting in three main categories: "high achievers", "average" and "risk group".

This comprehensive methodological approach allowed, in addition to assessing 
the eff ectiveness of the system, to delve deeper into the factors infl uencing students' 
academic achievements.

General review of the Q-Bilim system. The Q-Bilim system aims to improve 
the assessment and monitoring process in competency-based courses. The system 
is built on a modular architecture and allows teachers to monitor the quality of the 
course over several academic years, analyze student achievement, and formally 
model the relationship between learning outcomes and competencies (fi gure 1).

Figure 1. Architecture of the Q-Bilim System

The main feature of this structure is that it presents assessment results in both 
quantitative and qualitative formats. Student performance is not only presented 
in terms of average scores, but also in terms of qualitative levels such as “high”, 
“average” or “insuffi  cient”. This approach makes the results understandable and 
easy to interpret for all stakeholders.

Regression analysis. The data collected through the system allowed us to analyze 
the impact of assessment weightings on student performance. As shown in Figure 
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2, it was observed that as the weighting ratio increased, the average performance of 
students also increased. This result proves that instead of distributing the importance 
of assessment tools equally, it is necessary to consider their contribution to the 
development of specifi c course competencies.

Figure 2. Regression analysis showing the relationship between assessment weightings and 
student performance

Cluster analysis. A cluster analysis was used to analyze individual student 
learning trajectories. Figure 3 identifi es three main groups of students based on the 
results obtained for competencies C1 and C2:

• high achievers (green);
• average achievers (blue);
• at-risk (red).

Figure 3. Cluster analysis of student learning trajectories by competencies (C1 vs. C2)
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This classifi cation allows teachers to identify students who need additional 
support in a timely manner. In addition, analyzing diff erences within groups allows 
for the adaptation of teaching strategies.

As shown in Figure 4, average scores for all three competencies increased 
steadily from 2021 to 2024. This trend suggests that curriculum adjustments and 
assessment changes have had a positive impact on student learning outcomes.

Figure 4. Dynamics of competency mastery across academic years (2021–2024)

This graph shows the change in students’ level of mastery of key competencies 
over time. From 2021 to 2024, there is a gradual increase in the average indicators for 
all competencies. Such dynamics prove the positive impact of changes introduced 
into the curriculum and improvements in the assessment system.

As shown in Figure 5, the distribution of student achievement across grade 
levels demonstrates a consistent upward trend. Box plots show a clear increase in 
median values   and a decrease in variability, indicating greater stability in learning 
outcomes. Analysis of variance (ANOVA) results confi rm the statistical signifi cance 
of these diff erences (p < 0.05).

Figure 5. Boxplot of student performance distribution across years, confi rming statistically 
signifi cant diff erences (ANOVA)
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This chart shows the distribution of student performance across each academic 
year. The boxplot format clearly shows the median, interquartile range, and outliers 
in student performance. The ANOVA results revealed that there were statistically 
significant differences (p < 0.05) in performance levels between 2021 and 2024. 
These changes confirm that academic performance has been improving over the 
years.

Discussion. The findings of this study demonstrate that the Q-Bilim system 
provides an effective framework for monitoring and assessing competency-based 
education (CBE). The integration of formalized competency modeling, automated 
data processing, and analytical visualization significantly enhances the objectivity 
and consistency of evaluation compared to traditional methods.

The system’s ability to visualize longitudinal data enabled instructors to identify 
weaknesses in the curriculum and apply targeted improvements, aligning with the 
insights of Ifenthaler, Mah, and Yau, who emphasized the role of learning analytics 
in supporting study success and informing data-driven educational decisions 
(Ifenthaler et al., 2019).

The regression analysis further revealed that assessment weighting has a direct 
correlation with learning outcomes. This aligns with the insights of Romero 
and Ventura, who emphasized that educational data mining techniques enable 
the identification of key performance patterns and factors influencing student 
achievement (Romero & Ventura, 2020). Such findings support the idea that 
differentiated weighting of assessment tools—depending on their contribution to 
particular competencies—can lead to more balanced and fair evaluation models. 
Similarly, the cluster analysis offered valuable insights into individual learning 
trajectories, facilitating the detection of at-risk students and enabling timely, data-
driven pedagogical interventions.

These outcomes align with findings from previous studies emphasizing the 
importance of data-driven and adaptive approaches in higher education (Zawacki-
Richter et al., 2019; Capuano et al., 2011). The use of artificial intelligence 
and ontological modeling in Q-Bilim reflects a broader trend toward digital 
transformation in educational analytics and supports the concept of personalized 
learning pathways, as discussed by Brusilovsky and Millán (2007).

However, several limitations must be noted. The current study was limited 
to a single discipline (“Fundamentals of Databases”) and relied on a relatively 
homogeneous student population. The model could benefit from a larger and more 
diverse dataset to test its generalizability across different academic programs. 
Additionally, while Q-Bilim incorporates basic statistical analyses, further 
integration of advanced AI methods – such as predictive modeling and graph-based 
learning–could enhance its diagnostic capabilities.

Future work will focus on expanding the system’s analytical modules, improving 
the user interface for accessibility, and integrating adaptive feedback mechanisms. 
The inclusion of machine learning techniques like graph neural networks (GNNs) 
may enable real-time recommendations for personalized learning support.



182

Academic Scientific Journal of Computer Science

In summary, Q-Bilim demonstrates that intelligent, data-driven systems can 
transform the assessment of learning outcomes in competency-based education. Its 
implementation supports evidence-based decision-making, contributes to quality 
assurance in higher education, and fosters a culture of continuous improvement 
among both instructors and learners.

Conclusion. The study presented the architecture, core components, and 
implementation results of the Q-Bilim intelligent system, designed for assessing 
and supervising competency-based education. The system enables the structured 
analysis of multi-year academic data, allowing for both objective evaluation of 
student achievements and the monitoring of instructional quality over time. By 
linking competencies, learning outcomes, and assessment tools through a unified 
model, Q-Bilim ensures consistency, transparency, and data reliability in the 
evaluation process.

Key advantages of the system include its ability to align assessment criteria with 
defined competencies, determine achievement levels with weighted evaluation tools, 
and automatically translate quantitative indicators into qualitative performance 
categories. Furthermore, Q-Bilim provides educators and administrators with 
statistical and visual analytics that facilitate data-informed decision-making.

The application of Q-Bilim in the “Fundamentals of Databases” course 
demonstrated measurable improvement in student performance, confirmed through 
statistical methods such as ANOVA and Tukey’s HSD tests. This validates the 
system’s effectiveness in enhancing both assessment accuracy and learning 
outcomes.

Future research and development will focus on scaling the system to multiple 
disciplines and integrating advanced artificial intelligence techniques, including 
graph neural networks (GNNs), to enable personalized learning recommendations. 
Ultimately, Q-Bilim stands as a scientifically grounded, data-driven tool that 
contributes to the modernization and quality assurance of competency-based 
education.
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