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Abstract. The increasing complexity of educational and labour-market environments requires career guidance systems
capable of analysing heterogeneous data and generating personalised, interpretable recommendations. This study aims to
develop a hybrid artificial intelligence-based career guidance system that integrates clustering algorithms, a neural
network classifier, and an expert-rule module. The proposed system processes four groups of data: psychological profiles,
academic achievements, behavioural indicators obtained from digital learning environments, and labour-market
information. K-means and DBSCAN algorithms are employed to identify groups of users with similar professional
interests and learning characteristics, while a multilayer perceptron predicts the most appropriate career pathway. The
expert-rule component enhances the prediction results by generating transparent and interpretable recommendations. The
system was evaluated using accuracy, Fl-score, mean absolute error, and expert assessment of recommendation
interpretability. Experimental results indicate that the hybrid model achieved an accuracy of approximately 0.71-0.78
and improved the average F1-score by about 12% compared with a standalone neural network model. The proposed
approach demonstrates the potential of combining machine learning, neural networks, clustering, and expert knowledge
to improve the quality, stability, and transparency of career guidance. The developed system can be applied in schools,
colleges, and universities and can be adapted to changing labour-market requirements without redesigning the entire
model.

Keywords: artificial intelligence, career guidance, career recommendation system, machine learning, neural networks,
clustering, expert systems, explainable artificial intelligence, educational data mining, labour-market analytics.
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Amnoamna. Binim Oepy xkyiieci MeH eHOEK HapbIFBIHBIH KapKBIHJIBI ©3Tepyi 9pTYPIli JepeKTep Il KeIeH i TaJa1aiThIH XKHe
JKeKe TyJIFara OeifiMIenreH, TYCIHIIPIIETIH YChIHBICTAp KaJbINTACTHIPAThIH KACINTIK Oarmapiay xyienepin a3ipieyai
tanan ereni. Ockl 3epTTEyAiH MaKcaThl — KacTepliey alrOpPUTMJEPiH, HEHPOHMBIK JKENUIK XKIKTey MOJEINIH JKoHe
capanramaiblK epexesep Moy iH OipiKTipeTiH )KacaH bl MHTEJICKT HeTi3iHaeri TMOpUATI KacinTik Oaraapiay xyiecin
o3ipsiey. Y CBIHBUIFAH XYW ACPEKTEPAiH TOPT TOOBIH OHICHI: NMCUXOJOTHSUIBIK MPOGUIBIACP, OKY MKETICTIKTEpI,
mUQpABIK OiTiM Oepy OpTachIHAH alBIHFaH MiHE3-KYJIBIK KOPCETKIIMTepi KoHe eHOSK HapBIFBI TYpajbl akmapar. YKcac
KOCiOW KBI3BIFYIIBUIBIKTAPBI MEH OKY epeKIIeiKTepi 0ap maiaananymbuiapasl anepikray yurie K-means xone DBSCAN
ITOPUTMIEP] KOJJIaHbLIA/bI, aJl KONKa0aTThl NEepPUENTPOH €H KOJAMIBl KaciOn OarbITThI Oopkaiapl. CapantamanbiK
epexernep MOAYII MOJCTh HOTKEIePiH TYCIHAIPUIETIH YCHIHBIMIAPMEH TONBIKTEIpaabl. JKyHeHiH THIMALTIT accuracy,
F1-score, oprarmra abconrortik Kare (MAE) skoHe YCHIHBIMIAPIBIH TYCIHAIPLUTY ACHICHiH capanTaMalblK Oaranay apKbLIbI
OaranmaHabl. DKCIEPUMEHT HOTHXKeNepl THOpUATI MonenbAiH monairi mamamen 0,71-0,78 OonFaHBIH JKOHE JKEKe
HEHpPOHIBIK MOJAETBMEH CaJbICTBIpFaHAa opTama Fl-score kepceTkimiH mamameH 12%-Fa apTTBIpFaHBIH KOPCETTI.
3epTTey HOTIDKENEpl MAaIIMHANBIK OKBITY, HEHPOHIBIK JKENiJep, KJIACTepiiey XKOHE capanTaMaiblK Oimimai OipikTipy
KOCINTIK Oarmapiiay YCHIHBIMIIAPBIHBIH JQJIITH, TYPAKTBUIBIFBIH JKOHE TYCIHAIPITYiH KaKCApTATHIHBIH JOJIEIICH].
Y ChIHBUIFaH JKYlie MEKTeNnTep/e, KOJUIe/KIEPAE KOHE JKOFaphbl OKY OPBIHIAPBIHIA KOJIJaHyFa jKapambl )KoHe eHOeK
HapBIFBIHAAFBI ©3repicTepre coiikec OYKiM MOAebal KaliTa KypMai-ak Oeifimiene anampl.

Tyiiin co30ep:. xacaHbl HHTEIUICKT, KOCINITIK OaFaapiay, KOCINTIK YCHIHBIMAAP KYHeci, MAITHHAIBIK OKBITY, HEHPOHIBIK
XKeJIiep, KiacTepiiey, capanTaMalblK JKyHenep, TYCIHIIpIJeTiH xKacaHAbl UHTEIIEKT, OimiM Oepy AepeKTepiH Tannay,
eHOeK HapbIFBIH TaJIAAY.
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Annomayun. Bozpacrtaiomas CIOXHOCTh 00pa3oBaTelIbHOM Cpensl W pBIHKA TpyAa TpeOyeT CO3MaHus CHUCTEM
poOpUCHTAIINH, CIOCOOHBIX AHATU3UPOBATH PA3HOPOJHBIC JaHHBIE W (POPMHPOBATH MEPCOHAIM3UPOBAHHBIC,
HHTEPIPETUPYEMbIe PeKOMEHIAIK. L[ebl0 HACTOSIIEro MCCICIOBAHUS SBISETCS pa3paboTka THOPHIHON CHCTEMBI
po¢hOpUCHTAIIMH Ha OCHOBE MCKYCCTBEHHOTO MHTEIUICKTA, O0BEIUHSIONICH allTOPUTMBI KJIaCTEPU3aIluH, HEHPOCETEBOU
KiIaccu(UKaTOp W MOJIYJb SKCIEPTHBIX NpaBwil. [lpemnmaracmasi cuctemMa oOpabaThIBAeT YEThIpE TPYMIbI JaHHBIX:
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NICUXOJIOTHYECKHE NPOQMIN I0JIb30BaTeIeH, pe3ynbTarhl 00y4YEeHUs, MOBEICHYECKHE II0Ka3aTelH, IMOJy4YEeHHbIE U3
udpoBoii 00pazoBaTeNIbHOM Cpelibl, a TakKe HHPOPMAIMIO O PhIHKE Tpyaa. [Jist BBISBIEHUS TPYII [I0JIb30BaTENIeH CO
CXOXXKHUMH TPO(ECCHOHAILHBIME HHTEPECaMHn M OCOOEHHOCTSIMHM OOy4YeHWs] NPUMEHSIOTCS airoputMmsl K-means u
DBSCAN, a MHOTrOCJIOWHBII MepUenTpoH MPOTrHO3UpYyeT Hauboiee Moaxojsuiee NpodeccHOHANbHOE HaIpaBJICHHE.
DKCHepTHBIH MOJYJIb JAOTIOJIHSET pe3yJIbTaThl MOAEIH, (GOpMHUPYs MPO3padHble U MHTEPIPETUPYEMbIE PEKOMEHIALMH.
D¢ hekTHBHOCTH CHCTEMBI OLIEHMBANIACH C HCMOIB30BaHUEM METPHK accuracy, Fl-score, cpenHeit abCOMIOTHON OMmMOKH
(MAE), a Tarxke SKCIIEpTHOW OICHKH HWHTEPIPETHPYEMOCTH PEKOMEHMAIMH. OKCIepUMEHTAIBHBIE pPEe3yIbTaThl
MTOKa3ali, YTO THOPUAHAS MOJEIb TOCTHTIIa To9HOCTH oKouto 0,71-0,78 u obecriednia MOBBIIEHHE CPETHETO 3SHAYCHHUS
Fl-score mpumepHo Ha 12 % 1O cpaBHEHMIO C OTIENbHOM HelpoceTeBod Mopenbio. I[lomydeHHBIE pe3ynbTaThl
MOATBEPXKAAIOT, YTO OOBEANHEHNE METOJJ0B MAIIMHHOTO 0OyUeHNMs, HEHPOHHBIX CETeH, KJIACTEpU3alNU U HKCIIEPTHBIX
3HAQHMWH IO3BOJISICT TOBBICHUTH TOYHOCTh, YCTOHYMBOCTH M OOBSCHUMOCTH PEKOMEHAAIMH MO NpodecCHOHATBHON
opueHrtanuu. Pa3zpaboTaHHass cucTeMa MOXET HCIOJIB30BaTbCcd B IIKOJAX, KOJUIEMKaX M YHHUBEpCHUTETaxX U
aJlaTHPOBATHCS K U3MEHEHMSIM PBIHKA TpyJia 0e3 HE0OXOANMOCTH TIOJIHOHM MepepaboTKU MOAEIH.

Knrouegvle cnosa: MCKyCCTBEHHBIN MHTEIUIEKT, NMpoQOpUEHTAlMs, CHCTEMa peKOMeHIalui npodeccuil, MamnHHOE
06y‘I€HI/Ie, HeﬁpOHHbIe CCTHU, KJIaCTCpUusalusd, SKCICPTHBIC CUCTEMBI, 06’])51CHI/IMI)Iﬁ HCKyCCTBeHHLIﬁ HUHTCJIJICKT, aHaJIn3
00pa3oBaTeNbHbIX TaHHBIX, aHAJTUTHKA PhIHKA TPYZa.

MAIN PROVISION and labour-market information to generate

A hybrid Al-based career guidance system personalised career recommendations. Furthermore,
integrating clustering, neural networks, and explainable artificial intelligence (XAl) has become
expert-rule reasoning has been developed. The increasingly — important because career
proposed approach generates personalised and recommendations should not only be accurate but
explainable career recommendations using also transparent and understandable for students,
heterogeneous educational and labour-market teachers, career counsellors, and employers [ 5, 6, 7,

. : 8,9, 10].
data. Experimental results demonstrate improved De]spite significant progress in Al-based

prediction accuracy and recommendation quality  recommendation systems, many existing solutions
Compared with a standalone neural network. The re|y on a Sing|e machine |earning a|gorithm and

developed system can be effectively applied in  provide limited interpretability of the obtained
educational institutions and adapted to changing recommendations. In addition, relatively few studies

labour-market requirements. combine clustering techniques, neural networks, and
expert knowledge within a unified decision-support
INTRODUCTION framework that adapts to continuously changing

The rapid development of artificial intelligence labour-market requirements [11, 12, 13]. _
(Al) technologies has significantly transformed Therefore, the objective of this study is to

educational processes, career counselling, and labour- ~ develop a hybrid Al-based career guidance system
market analysis. Traditional career guidance methods ~ that integrates clustering algorithms, neural network
are primarily based on questionnaires, interviews, and ~ classification, and expert-rule reasoning to improve
psychological testing, which often rely on self- the accuracy,_stablllty, and interpretability of_career
reported information. They therefore may not fully ~récommendations. The proposed approach aims to
reflect an individual's abilities, learning behaviour, ~SuUpport educational institutions in providing data-
and professional potential. As a result, conventional ~ driven and personalised career guidance while
career guidance approaches frequently produce maintaining flexibility for future labour-market
generalised recommendations that do not adequately ~ changes.

account for the dynamic nature of the modern labour Research Gap. Despite the rapid advancement
market [1, 2, 3, 4]. of artificial intelligence technologies in education and

Recent advances in machine learning, Caréer guidance, most existing systems rely on
educational data mining, and recommender systems individual machine learning algorithms or standalone
have created new opportunities for developing neural network models W|th9ut mtegr.a'.ung mu'lt.lple
intelligent career guidance systems capable of heterogeneous data sources into a unified decision-
processing heterogeneous data from multiple sources,  SUpport framework [6, 7]. Existing studies have paid
These systems can integrate  psychological limited attention o combining psychoI(_)glcaI
characteristics, academic performance, behavioural —Characteristics, academic performance, behavioural
data collected from digital learning environments, ~data from digital learning environments, and labour-

market information to generate comprehensive and

71



e- ISSN: 3134-8467, p-ISSN: 2309-1177

personalised career recommendations [2, 10].
Furthermore, relatively few Al-based career guidance
systems provide transparent and explainable
recommendations that can be readily interpreted by
students, teachers, career counsellors, and other
stakeholders, highlighting the need for more
interpretable and adaptive hybrid approaches.

Scientific Novelty. The scientific novelty of this
study lies in the development of a hybrid Al-based
career guidance system that integrates clustering
algorithms, a neural network classifier, and an expert-
rule module within a unified decision-support
architecture. Unlike existing approaches, the
proposed system combines psychological, academic,
behavioural, and labour-market data to generate
accurate, personalised, and explainable career
recommendations. The integration of data-driven
machine learning techniques with expert knowledge
improves the accuracy, stability, and interpretability
of career guidance while enabling the system to adapt
to continuously changing labour-market demands [7,
11].

Research Objective. The objective of this study
is to develop and evaluate a hybrid artificial
intelligence-based career guidance system that
integrates clustering algorithms, neural network
classification, and expert-rule reasoning to generate
accurate, personalised, and explainable career
recommendations based on psychological, academic,
behavioural, and labour-market data.

Research Tasks. To achieve the research
objective, the following tasks were formulated:

1. To analyse existing artificial intelligence
approaches used in career guidance and
educational decision-support systems.

To design a hybrid architecture integrating
clustering algorithms, neural network
classification, and expert-rule reasoning.

To identify the most informative data
sources for personalised career
recommendation, including psychological
characteristics, academic performance,
behavioural indicators, and labour-market
information.

To evaluate the performance of the proposed
system using quantitative performance
metrics and expert assessment.

To assess the applicability of the developed
system for supporting career guidance in
educational institutions.
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Research Questions. This study addresses the
following research questions:
RQ1. Can a hybrid Al-based architecture
improve the accuracy of career guidance
compared with individual Al models?
RQ2. Does the integration of clustering,
neural networks, and expert knowledge
increase the interpretability of career
recommendations?
RQ3. Can heterogeneous educational and
labour-market data improve the quality of
personalised career guidance?

MATERIALS AND METHODS
System Architecture. The proposed hybrid

career guidance  system integrates  three
complementary artificial intelligence components:
clustering algorithms, a neural network classifier, and
an expert-rule module. The architecture was designed
to combine data-driven prediction with knowledge-
based reasoning, thereby improving both the accuracy
and interpretability of career recommendations [6, 9].
The system consists of five sequential stages:

1. Data acquisition;

2. Data preprocessing;

3. Clustering of users with  similar
characteristics;

4. Career prediction using a neural network;

5. Recommendation refinement through expert-

rule reasoning.

This modular architecture enables independent
updating of individual components while maintaining
the overall system performance.

Data Collection. The proposed system processes
heterogeneous information collected from several
complementary sources. These data describe learners'
personal characteristics, educational achievements,
behavioural patterns, and external labour-market
conditions, thereby enabling the generation of
accurate and personalised career recommendations.
The categories of input data used in the proposed
hybrid Al-based career guidance system are
presented in Table 21. The integration of these
heterogeneous data sources allows the system to
capture both individual characteristics and current
labour-market demands, thereby improving the
relevance and reliability of career recommendations
[1, 5].
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Table 1 - Input data used by the hybrid Al-based career
guidance system

Data

Variables Purpose
category
Interests: User profiling and
. personality
Psychological . X assessment of
. traits, aptitude, .
profile professional
career oo
suitability
preferences
GPA, subject Evaluation of
Academic achievements, | academic capability
performance | assessment and learning
results outcomes
LMS activity,
. attendance, Analysis of learning
Behavioural - ;
o learning behaviour and study
indicators
engagement, patterns
participation
Occupational
demand, Alignment of career
Labour- - .
required recommendations
market . .
- . competencies, | with labour-market
information
employment needs
trends

After integrating these heterogeneous datasets,
the collected information was preprocessed and
transformed into a unified feature set suitable for
machine learning algorithms. This approach enables
the hybrid Al model to generate comprehensive,
evidence-based, and explainable career
recommendations while maintaining adaptability to
changes in  educational and labour-market
environments.

Data Preprocessing. Before model training, the
collected data were cleaned, normalized, and
transformed into numerical representations suitable
for machine learning algorithms [9, 10]. Missing
values were processed using appropriate imputation
techniques, while categorical variables were encoded
using one-hot encoding. Continuous variables were
normalized using Min-Max scaling to ensure
comparable feature ranges during model training.

Clustering Module. To identify users with
similar educational and psychological characteristics,
unsupervised learning algorithms were employed.
Two clustering techniques were implemented:
K-means clustering for partitioning users into
homogeneous groups;

DBSCAN for detecting irregular clusters and
identifying potential outliers.
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The clustering results were subsequently used as
additional input features for the neural network
classifier [11, 13].

Neural  Network Classification.  Career
prediction was performed using a multilayer
perceptron (MLP). The network consisted of:
an input layer representing
characteristics;
two hidden layers with nonlinear activation
functions;
an  output
categories.

The model parameters were optimized using the
Adam optimizer with cross-entropy loss [9].

Expert Rule Module. To  improve
recommendation transparency, an expert-rule module
was incorporated into the system. The module applies
predefined logical rules developed in collaboration
with career guidance specialists. These rules validate
and refine the predictions generated by the neural
network  while  producing  human-readable
explanations that facilitate decision-making by
students, teachers, and career counsellors [7, 8].

Performance Evaluation. The performance of
the proposed system was evaluated using several
guantitative metrics:

student

layer representing  career

e Accuracy;

e Precision;

e Recall;

e Fl-score;

e Mean Absolute Error (MAE).

In addition, qualitative evaluation was
conducted through  expert assessment  of
recommendation interpretability and practical
usefulness.

Software Environment. The prototype system
was developed using Python and implemented with
TensorFlow, Scikit-learn, Pandas, NumPy, and
Matplotlib. Data processing and model training were
performed using the Jupyter Notebook environment.

RESULTS
System Performance. As shown in Table 2, the
proposed hybrid Al-based career guidance system
outperformed the standalone neural network model
across all evaluation metrics. The integration of
clustering algorithms, neural network classification,
and expert-rule reasoning improved prediction
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accuracy, increased the Fl-score, and reduced the
mean absolute error, demonstrating the effectiveness
of the proposed hybrid architecture.

Table 2 - Performance comparison of the proposed hybrid
Al-based career guidance system with a standalone neural
network

Reca
Il

Precisi
on

Accura
cy

Model

Standalo
ne
Neural
Network
Proposed
Hybrid
Al
System

0.68 0.70 0.69 0.31

0.78 0.81 0.79 | 0.75 | 0.22

The proposed hybrid Al-based career guidance
system was evaluated using quantitative performance
metrics and expert assessment. The integration of
clustering algorithms, neural network classification,
and expert-rule reasoning demonstrated improved
recommendation quality compared with individual
machine learning models [6, 11].

The neural network classifier successfully
identified the most appropriate career pathways based
on users' psychological characteristics, academic
achievements, behavioural indicators, and labour-
market information. The clustering module
effectively grouped users with similar educational
and professional profiles, allowing the classifier to
generate more personalised recommendations.

The hybrid architecture achieved an overall
prediction accuracy of approximately 71-78%,
depending on the dataset characteristics. The average
F1-score increased by approximately 12% compared
with the standalone neural network model, indicating
improved classification performance and greater
robustness.

Contribution of Hybrid Architecture. The
experimental results demonstrate that combining
several artificial intelligence techniques produces
more reliable recommendations than relying on a
single algorithm.

The clustering component reduced data
heterogeneity by identifying groups of users with
similar characteristics, while the neural network
learned complex nonlinear relationships between
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educational and psychological variables. The expert-
rule module further refined the prediction results and
generated interpretable recommendations that could
be understood by both students and career
counsellors. This combination substantially reduced
ambiguous recommendations and improved the
consistency of career predictions [7, 12].

Practical Implications. The developed system
can support educational institutions in providing
evidence-based  career  guidance. Potential
applications include:

career counselling in secondary schools;

university admission support;

educational planning;

vocational orientation;

lifelong career development.
Because the architecture is modular, new labour-
market indicators or educational datasets can easily
be incorporated without redesigning the entire
system.

DISCUSSION

The findings confirm that hybrid artificial
intelligence approaches offer significant advantages
over conventional career guidance systems based
solely on questionnaires or expert opinion [6, 10].

Unlike traditional methods, the proposed
approach integrates heterogeneous educational and
labour-market information within a unified intelligent
framework [7, 8]. This enables more personalised and
data-driven recommendations while maintaining
transparency through the expert-rule module.

The results are consistent with previous studies
reporting that hybrid Al models generally outperform
single machine learning algorithms in educational
decision-support systems. The incorporation of
explainable decision rules also addresses one of the
major challenges of artificial intelligence in education
by increasing user trust and facilitating practical
implementation.

Nevertheless, several limitations should be
acknowledged. The system was evaluated using a
limited dataset and predefined expert rules. Future
research should investigate larger and more diverse
datasets, incorporate deep learning architectures, and
evaluate the system in real educational environments
over longer periods.
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CONCLUSION

This study presented the development of a
hybrid artificial intelligence-based career guidance
system that integrates clustering algorithms, neural
network classification, and expert-rule reasoning
within a unified decision-support framework. The
proposed architecture enables comprehensive
analysis of psychological characteristics, academic
performance, behavioural indicators, and labour-
market information to generate personalised and
explainable career recommendations.

The experimental results demonstrate that
integrating multiple artificial intelligence techniques
improves the accuracy, stability, and interpretability
of career guidance compared with individual machine
learning approaches. The clustering module enhances
user profiling, the neural network effectively predicts
appropriate career pathways, and the expert-rule
component increases the transparency and practical
usability of the recommendations.

The proposed system has significant potential
for implementation in schools, colleges, universities,
and career development centres, where data-driven
decision support can contribute to more informed
educational and professional choices. Its modular
architecture also facilitates future adaptation to
evolving educational environments and labour-
market demands.

Despite these promising results, the study has
several limitations, including the use of a limited
dataset and a predefined expert knowledge base.
Future research should validate the proposed system
using larger and more diverse datasets, investigate
advanced deep learning and explainable artificial

intelligence techniques, and evaluate its long-term
effectiveness in real educational settings [6, 7, 8, 9,
10].

Overall, the proposed hybrid Al-based career
guidance system represents a promising approach for
improving intelligent educational decision support
and promoting more personalised, transparent, and
evidence-based career guidance.
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