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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 Al methods — such as graph
neural networks — to enhance analytical precision, personalization, and usability.

Keywords: competency-based education, learning outcomes, student
performance, educational analytics, Q-Bilim, assessment system
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Annortanus. Kyssipertinikke Herizaenres 6inim 6epy (CBE) oky HoTHxenepin
Ion Oaranay YIIiH alibIK sKoHe OOBEKTHBTI Oaranay MeXaHH3MJIEpiH Tajall eTesi.
Anaiia KenTereH OKy OpbIHAApbl Oaraniay KypalapblHBIH Kyieci3nirine, 0amn
KOIOJarbl CyOBEKTUBTITIKKE JKOHE KY3BIPETTEp, KYTIICTIH HOTHXKEJIEp MEH Oaranay
KpUTEPUIIIEepi apachIHaFkl 9JICI3 YijeciMre OalilaHbICThl KUBIHJIBIKTApFa o1 Jie
Tan OOJNBIN OTHIp. byl Makamaga Ky3bIpeTTepii, KYTUIETiH HOTHKEIepIi *KoHe
eJIILIeY KypaJiapblH e3apa OailaHBICTBIPATHIH ©JIIIEM IIK MOJISNIb apKBUIBI Oaraiay
YAepiciH KypbUIbIMAAI, aBToMarTangslpaTeid Q-Bilim mnaTenIekTyannpl Oaranay
XKyHeci TaHbIcThIpbUTabl. Q-Bilim xylecine Kypri3iireH SMIUPHUKAJIBIK 3epTTEY
2021-2024 sxbumapsl «JepexTep 0a3achlHBIH HETI3AEpi» KypchlHAA SpTYpIi
NMarbIHABIK JeHredingeri 170 OakamaBp CTYACHTIHIH KaThICybIMEH OTKI3IJIi.
BipsiHFaii TepT neHreini Oaranay mkazackl 0ipi3AiTikTi KamTamachi3 eTTi. ANOVA,
Tukey HSD, perpeccusiiblK >koHE KJIacTepliK Tajfdy CHAKTBI CTaTUCTHUKAIBIK
oflicTep TONTAap apachlHAAFbl aWbBIPMAIIBUIBIKTAPAbl aHBIKTAy, OKY YJTiUIepiH
CHIATTay jKoHe Oaraiay calMaKTapbIHBIH JKaJIIbl )KETICTIKKE dCEpPiH 3epTTey YIIiH
KOJLAaHBIIABL. Byt TOCI KY3BIPETTUIIKTIH KabINTACYbIHA BIKIIAT €TETiH (hakTopiap
KOHIHJEe MaHbBI3AbI TYCiHIKTEep Oepai. 3epTTeymiH Herisri HoTmwkeci — Q-Bilim
KYHeciHe iCKe achIpbUIFaH ayKbIMJbIL, KY3BIPETTUTIKKE OarbITTanraH Oaranay
MOJIETIiH 93ipJIey )KoHe OHBbI gas1enaey. HoTmxkenep Oaranay KypajlapbIHbIH CaaIMarbl
MEH CTYJIEHT JKETICTIKTepi apachlHAa alKbplH OainaHbIC Oap EKeHIH KepceTTi,
all KJIACTEpJiK TaJjiay >KOFapbl JKETICTIKKE JKETeTiHAepAeH OacTam KOCBIMILA
KOIAAy/lbl Ka)KeT eTeTiHlepre ACWiH opTYpil CTYIEHT TONTAapblH AaHBIKTaJbl.
Q-Bilim xyi#ieciHiH MpaKTUKAIBIK MaHBI3bI — Y3aK MEP3iM1 MOHUTOPUHT KYPri3y,
OKy OarmapiamaiapblHAArbl QJICI3 TYCTaplbl aHBIKTAy >KOHE OKBITYIIbLIApFa
JiepeKTepre HEri3leNreH jkelen memiMaep KaOwblimayra keMmekrecy. bonmamakra
XKYHeHi Oacka MOHJIepre KEHEUTY JKoHE aHAIMTHKAJBIK JTOJIIIKTI, KEKeJICHIIpYIi
KOHE KOJAMIIBUIBIKTEI apTTHIPY YIUiH rpadTHIK HEHPOHIBIK KEIep CHSIKTBI 03bIK
JKacaH/Ibl UHTEIUICKT 9/JiICTEPiH MHTETpalysIIay KOCIapiIanyaa.

Tyiiin ce3mep: Ky3ipeTTUTikke HerizmenreH OimiM Oepy, OKy HOTHXKeIepi,
CTYACHTTEPIiH yiarepimi, 6i1im 6epy ananutukacel, Q-Bilim, Oaranay xyiieci
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Annorauus. KomnerentHnoctnoe oOyudenune (CBE) TpeOyer mpo3payHbIX u
OOBEKTHBHBIX MEXaHHU3MOB OLICHMBAaHUsI Ui TOYHOTO H3MEPEHHs PEe3yJbTaTroB
oOyueHust. OfHAKO MHOTHE Y4eOHBIC 3aBEICHHUSI MO-TNPEKHEMY CTaIKHBAaIOTCS
c mpobimemMaMH, CBA3aHHBIMH C  HECOIIACOBAaHHBIMH  HMHCTPYMEHTaMHU
OLICHMBAHUS, CyObEKTUBHOCTBIO BBICTABICHHS OaioB M caboil CBA3BIO MEKAY
KOMIIETEHIIUSAMH, OXUAAEMBIMU pE3ylbTaTaMH M KPUTEPUSIMU OLICHUBaHUsS. B
JaHHOH paboTte npencrasieH Q-Bilim — uHTeUIeKTyanbHas cucTeMa OICHUBAHUS,
KOTOpasi CTPYKTYPUPYET M aBTOMATH3UpPYET NPOLECC OIEHKH C TOMOIIBIO
B3BCLICHHOW MOJIENN, CBS3BIBAIOLICH KOMIICTCHIIUH, OKHIACMbIE PE3yNbTaThl U
WHCTPYMEHTBI U3MEpeHHs. DMIUpUueckoe uccienosanue Q-Bilim mpoBoauiock
Ha Kypce «OcHoBHI 6a3 naHubx» B 2021-2024 rogax ¢ yuactuem 170 ctyaeHTOB
OakajaBpuata C pa3HbIM YPOBHEM IIOATOTOBKH. EnuHas dYeThIpexypoBHEBas
miKana oOecrednsa COIIaCOBAHHOCTh, a TaKHE CTAaTHCTHUECKUE METOBI, Kak
ANOVA, xpurepuii Tetoku (HSD), perpeccuoHHBIi M KIacTepHBIH aHaIN3,
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OBUTH WCIIOJIb30BaHbl JIJISl OICHKH PA3JIMYMA MEXIy TPYIaMH, BBISBICHUS
y4eOHBIX MAaTTEPHOB U U3yUEHUS BIUSHUS BECOBBIX KO3(P(HUIIMEHTOB HA UTOTOBBIC
pesynbrarbl. Takod MOIXO0J TO3BOJMJ TONYYHTh IpEJCTaBIIieHue o (hakropax,
BIMSIOIIMX Ha (OopMHpOBaHHE KoMIeTeHIMI. OCHOBHOM BKJIAJ HCCIICIOBAaHUS
3aKJTI0YaeTCS B pa3paboTKe W BaJWAAMH MAacCIITaOUPyeMOW KOMIICTCHTHOCTHO-
OpPUEHTHPOBAHHOW MOJIETM OIIEHWBAHU, peajn3oBaHHOW B cucteme Q-Bilim.
PesynbraThl mokazanay 4ETKYHO CBS3b MEK/Y BECaMH OLEHOYHBIX HHCTPYMEHTOB
Y aKaJIeMUYCCKUMU JIOCTIIKEHUSIMH CTYJICHTOB, a KJIACTCPHBIN aHAIU3 TTO3BOJIMII
BBUICJIUTh PAa3JIMYHbIC TPYIIIbl OOYYAIOIIUXCS — OT BBICOKOYCIICBAKOIIUX JIO
HY)KIalomuxcst B noaaepkke. [Ipakrtudeckas 3HaunMocts Q-Bilim mposiBisercs
B BO3MOXHOCTSIX [OJTOCPOYHOTO MOHHUTOPWHTA, BBISIBICHHS CIIA0BIX MECT B
00pa3oBaTeNbHBIX MpOrpaMMax W IOMOIIM IPETIOAaBaTeNIsIM B CBOCBPEMEHHOM
MIPUHSATHY PEIICHHIA Ha OCHOBE JaHHBIX. B qanbHeiIeM mianupyercs paciimpeHue
CUCTEMBI Ha JIPYyTHe IUCIUILINHBI M UHTETparus MeTonoB M — Takux kak rpadoBbie
HEUPOHHBIE CETU — JIJIS TOBLIICHUS aHATUTHYECKON TOYHOCTH, TIEPCOHATU3AIUN U
ymoOCTBa UCITOIB30BAHUIS.

KaroueBble cJoBa: KOMIIETEHTHOCTHO-OPHEHTHPOBAaHHOE 00OpasoBaHUe,
pe3ynbTaTel  OOydeHHs, aKaJeMUYecKas ycIIeBaeMOCTh, OOpa3oBareibHAs
ananuTHKa, QBilim, cucTemMa olleHUBaHUS

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 kuzyrettilikke
negizdelgen kurstard studentzhetistigin 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
Millan 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 Al-based learning analytics. Aldahwan and Alsaeed highlighted the potential
of artificial intelligence to enhance the functionality of Learning Management
Systems, demonstrating how Al-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 Al applications in higher education, identifying not only the opportunities
but also ethical and methodological limitations of Al integration Zawacki-Richter
O. etal. (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, Lopez-Nuiiez et al. carried out a systematic review of
digital competence evaluation in higher education, underscoring its significance
for quality assurance and sustainable educational development Lopez-Nufiez 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 differences in each academic year (p < 0.05). In addition,
regression analysis was conducted to determine the relationship between the
weighting coefficients 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 effectiveness of the system, to delve deeper into the factors influencing 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 (figure 1).

Architecture of the Q-Bilim System

[competency Model Bullder]
i

Assessment Engine

Analytics Dashboard

[Course Dynamics Tracker]
Reporting Module

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 “insufficient”. 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 specific course competencies.

100

Students
95 | = Regression line

90
85
80
To [

70+

Average Performance (0-100)

65

0.2 0.3 0.4 0.5 0.6 0.7 0.8
Assessment Weighting

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 identifies three main groups of students based on the
results obtained for competencies C1 and C2:

* high achievers (green);

* average achievers (blue);

* at-risk (red).

Cluster Analysis of Student Learning Trajectories

x x  At-risk
% Average
o 100 » High achievers
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Figure 3. Cluster analysis of student learning trajectories by competencies (C1 vs. C2)
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This classification allows teachers to identify students who need additional
support in a timely manner. In addition, analyzing differences 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.

Competency C1 »
—e— Competency C2 ~
75| —e— Competency C3 et?

70

65|

Average Score (0-100)

60|

B

2021.0 20215 2022.0 2022.5 2023.0 20235 2024.0
Academic Year

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 confirm the statistical significance
of these differences (p < 0.05).

Boxplot of Student Performance Across Years (ANOVA context)
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80 -]

15§

o
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Figure 5. Boxplot of student performance distribution across years, confirming statistically
significant differences (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 Millan (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 Al 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 (GNN5s)
may enable real-time recommendations for personalized learning support.
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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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