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EDITORIAL

International Journal of Cognitive Research in Science, Engineering and Education (IJCRSEE) is an
open access international peer-reviewed, open-access journal, which provides a platform for highlighting
and discussing various cognitive science issues dealing with the problems of cognition (and its evolution)
within some specific subject field - philosophical, psychological, linguistic, mathematical, psychogenetic,
pedagogical, ergonomic. Editorial Board strives to provide a possibility for the scientists of different fields
to publish the results of their research, technical and theoretical studies. IJCRSEE is multidisciplinary
in approach, and will publish a great range of papers: reports of qualitative case studies, quantitative
experiments and surveys, mixed method studies, action researches, meta-analyses, discussions of
conceptual and methodological issues, etc. IJICRSEE publisher is The Association for the Development
of Science, Engineering and Education, Vranje, Serbia. Co-publishers are: University Business Academy,
Faculty of Economics and Engineering Management in Novi Sad, Serbia, Faculty of Education, University
of Belgrade, Serbia, Center for Robotics and Artificial Intelligence CRAIE, Belgrade, Serbia and Don State
Technical University, Rostov on Don, Russian Federation.

|JCRSEE particularly welcomes articles on the results of scientific research in various fields of
cognitive science (psychology, artificial intelligence, linguistics, philosophy and neuroscience) catering
for international and multidisciplinary audience. Readers include those in cognitive psychology, special
education, education, adult education, educational psychology, school psychology, speech and language,
and public policy.|JCRSEE has regular sections: Original Research, Review Articles, Studies and articles,
Book Reviews, Case Studies, and is published three times a year. This journal provides an immediate
open access to its contents, which makes research results available to the public based on the global
exchange of knowledge. The journal also offers access to uncorrected and corrected proofs of articles
before they are published.

The main aim of the Journal is to discuss global prospects and innovations concerning major issues
of cognitive science, to publish new scientific results of cognitive science research, including the studies
of cognitive processes, emotions, perception, memory, thinking, problem solving, planning, education
and teaching, language and consciousness study, the results of studying man’s cognitive development
and the formation of basic cognitive skills in everyday life. The Journal seeks to stimulate the initiation of
new research and ideas in cognitive science for the purpose of integration and interaction of international
specialists in the development of cognitive science as interdisciplinary knowledge.

The International Journal of Cognitive Research in Science, Engineering and Education (IJCRSEE)
is an international, peer-reviewed, open access journal that publishes original empirical and theoretical
contributions at the intersection of cognitive science, education, psychology, and cultural studies. The
journal aims to advance understanding of cognitive processes, learning and teaching, as well as cultural
and social dimensions of education and knowledge.

[JCRSEE welcomes interdisciplinary research that explores how cognition, language, culture,
media, and technology shape educational practices, learning environments, and identity formation in
contemporary societies. By bringing together perspectives from cognitive psychology, pedagogy,
linguistics, cultural studies, and related fields, the journal seeks to foster theoretically grounded and
methodologically rigorous scholarship with clear implications for educational practice and policy.



The journal publishes:

- Original research articles

- Review articles

- Theoretical and methodological studies
- Case studies and monographic studies
- Book reviews

All submissions must be original, written in English, and are subject to a double-blind peer-review

process.

Scope of the Journal
|JCRSEE particularly encourages submissions in, but not limited to, the following thematic areas:

1. Cognitive Science and Psychology
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Cognitive science and cognitive processes (perception, attention, memory, learning, problem
solving, planning, inference)

Cognitive psychology and cognitive neurophysiology

Cognitive pedagogics and cognitive aspects of teaching and learning

Psycholinguistics and cognitive linguistics

Forensic psychology and applied cognitive research

Cognitive aspects of sport and physical culture

Cognitive aspects of the methodology of knowledge

. Education, Curriculum and Learning Environments

Cognitive research in education and educational psychology
Curriculum development and design of learning environments
Education administration and educational leadership

Elementary and secondary education

Innovative pedagogical models and active learning approaches
Teaching and learning technologies; learning systems platforms
Educational technology and media education

Science education and STEM/STEAM-oriented cognitive research

. Cultural Studies, Media and Identity in Education

Cultural studies and education

Cognitive culture studies and cultural cognition

Media, popular culture and society in educational contexts

Identity, diversity and culture (class, gender, ethnicity, generation, nation)
Digital culture and cultural practices in learning and socialization

Cultural policy and governance in education and science

Discourse, representation and ideology in educational and media texts

4. Language, Text and Cognitive Technologies

Text processing and cognitive technologies in education and research
Natural language understanding and educational applications

Media and multimodal texts in teaching and learning

Intelligent tutoring systems and adaptive learning environments

5. Artificial Intelligence, Digitalization and Education

Artificial intelligence in education and learning analytics
Cognitive aspects of human-Al interaction in educational settings
Digital platforms, online learning and hybrid learning environments



+  Ethical, cultural and policy implications of Al and digital technologies in education

JCRSEE has an international editorial board of eminent experts in their field from Russia, USA,
Republic of Macedonia, Germany, Hong Kong, Greece, Serbia, Australia, United Kingdom, USA, Turkey,
Nigeria, Bulgaria, Romania, Spain, Italy, Republic of Srpska, Croatia, Kingdom of Saudi Arabia (KSA),
India, China, Thailand, Israel, Malaysia, Morocco, Jordan,, Iran... We are confident that IJCRSEE will
attract a great number of editors, eminent scientists in the field. The selection will be based on the activities
of the editors and their desire to contribute to the development of the journal.

|[JCRSEE provides a platform for academics and scientists professionals to refer and discuss
recent progress in the fields of their interests. Authors are encouraged to contribute articles which are not
published or not under review in any other journal.

Each submitted manuscript is evaluated on the following basis: the originality of its contribution
to the field of scholarly publishing, the soundness of its theory and methodology, the coherence of its
analysis, its availability to readers (grammar and style). Normal turn-around time for the evaluation of
manuscripts is one to two months from the date of receipt.

Submission of an original manuscript to the journal will be taken to mean that it represents original
work not previously published, that is not being considered elsewhere for publication; that the author is
willing to assign the copyright to the journal as per a contract that will be sent to the author just prior to the
publication and, if accepted, it will be published in print and online and it will not be published elsewhere
in the same form, for commercial purposes, in any language, without the consent of the publisher.

The names and email addresses entered in this journal site will be used exclusively for the stated
purposes of this journal and will not be made available for any other purpose or to any other party.

The requirement for the submission of a paper implies that it has not been published before; that
it is not under consideration for publication anywhere else; that its publication has been approved by all
co-authors.

When considering submitting an article, the Editors have provided the following criteria to assist
authors with preparing their submissions:

Originality — The author should ensure that the manuscript has not been previously published nor
is being considered by another journal.

Plagiarism - Content should be properly referenced. Be sure to check the paper for possible
accidental plagiarism. Some plagiarism checker websites include: _http://www.ithenticate.com/, www.
antiplagiat.ru, www.grammarly.com, www.plagtracker.com or www.duplichecker.com

Writing — Please write in good English (American or British usage is accepted, but not a mixture of
these). For non-native English speakers, and perhaps even for some native English speakers, grammar,
spelling, usage, and punctuation of the texts are very important for an effective presentation. Hence,
manuscripts are expected to be written in a clear, cogent, and readily understandable by an international
readership.

Manuscripts must be submitted online. Electronic submission reduces the editorial processing and
reviewing time. As part of the submission process, authors are required to check off their submission
compliance with all of the following items, and submissions may be returned to authors who do not adhere
to the following guidelines:

The submission has not been previously published or presented to another journal for consideration
(or an explanation has been provided in Comments to the Editor).

The submission file is in OpenOffice, Microsoft Word, RTF, or WordPerfect document file format.

Where available, DOIs and URLSs for the references have been provided.

The text is single-spaced; uses a 12-point font; employs italics, rather than underlining (except
with URL addresses); and all illustrations, figures, and tables are placed within the text at the appropriate
points, rather than at the end.

The text adheres to the stylistic and bibliographic requirements outlined in the Author Guidelines.

If submitting to a peer-reviewed section of the journal, the instructions in Ensuring a Double Blind
Review have been followed.

A manuscript goes through the peer review process. Authors submit manuscripts to Editorial office
via the online system. The acknowledgement letter should be sent to the author to confirm the receipt
of the manuscript. The Chief Editor first reviews manuscripts. Chief Editor is assisted by Section Editors
(could also be Co- or Associated Editors). The Editor assigns a Section Editor to see the manuscript
through the complete review process and return it with a recommendation or decision. The manuscript
is checked to see if it meets the scope of the Journal and its formal requirements. If it is incorrect or
unsuitable, the author should be informed and the manuscript filed (or returned if requested) — direct
rejection. Manuscripts that are not suitable for publication in the Journal are rejected. A Rejection letter




is sent to the author stating the reason for rejection. If the manuscript conforms to the aims and scope of
the Journal, and formally abides by the Instructions to Authors it is sent out for review. Depending on the
type of paper, it could be accepted immediately for publication (invited Editorial, Book review etc) by the
Chief Editor.

Check that the manuscript has been written and styled in accordance with the Journal style; that
it carries an abstract (if applicable), keywords, correct reference system etc. and check that the correct
blinding system has been used. If anything is missing ask the author to complete it before the manuscript
is sent out for review.

The manuscript is sent out for review. The reviewer reads and evaluates the manuscript and
eventually sends a review report to the Chief Editor. The time for review can be set to 2-6 weeks depending
on the discipline (more time is usually given to papers in the humanities and social sciences). Make sure
to provide the reviewer with clear instructions for the work, e.g. outlined in the form of a Review report or
a number of questions to be considered.

Based on the reviewers’ comments the Chief Editor makes a decision to:

*  Accept the manuscript without further revision

*+  Accept after revision

*  Ask authors to resubmit

*  Reject

An acceptance letter is sent to the author and the final manuscript is forwarded to production.
Sometimes, the authors are requested to revise in accordance with reviewers’ comments and submit
the updated version or their manuscript to the Chief Editor. The time for review can be set to 2-6 weeks
depending on the discipline and type of additional data, information or argument required. The authors
are requested to make substantial revisions to their manuscripts and resubmit for a new evaluation. A
rejection letter is sent to the author and the manuscript is archived. Reviewers might be informed about
the decision.

After review a manuscript goes to the Copy Editor who will correct the manuscript concerning the
correct referencing system, confirmation with the journal style and layout. When Copy Editor finishes his/
her work they send manuscripts to the Layout editor.

Layout Editor is responsible for structuring the original manuscript, including figures and tables, into
an article, activating necessary links and preparing the manuscript in the various formats, in our case PDF
and HTML format. When Layout Editor finishes his/her job they send manuscripts to Proof Editor.

Proof Editor confirms that the manuscript has gone through all the stages and can be published.

This issue has 17 articles (17 Original researches). Our future plan is to increase the number of
quality research papers from all fields of science, engineering and education. The editors seek to publish
articles from a wide variety of academic disciplines and substantive fields; they are looking forward to
substantial improvement of educational processes and outcomes.
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Perceived Pedagogical Value of Digital Technologies Among
Engineering Students

Ivana Loncarevic' (2, Selena SamardZi¢ Cvijanovi¢'™ (), Robert Lakatos’

"Faculty of Technical Sciences, University of Novi Sad, Serbia
e-mail: ivanalon@uns.ac.rs, selena@uns.ac.rs, laki@uns.ac.rs

Abstract: The increasing integration of digital technologies in higher education raises important questions about their
real pedagogical value in teaching practice. The aim of this research was to examine students’ attitudes about the use of digital
technologies, their representation in teaching, and their influence on the perceived pedagogical value of teaching at the technical
faculty, examined through correlational and regression analyses. The research also included an analysis of the relationships
among digital technologies, student engagement, and students’ assessments of teachers’ digital competence, particularly under
conditions of limited technical resources. The research was conducted on a sample of 375 students in engineering study programs.
Data were collected using a structured questionnaire and analysed using exploratory factor analysis, reliability analysis of the
measurement scales (Cronbach’s alpha and, for the two-item scale, the Spearman-Brown coefficient), correlation analysis and
regression models. The results show that, although students generally have a positive perception of digital technologies and
teachers’ digital competence, exposure to advanced digital tools in teaching remains limited. Student engagement showed as
the most significant predictor of the perceived pedagogical value of digital technologies, along with the institutional support and
students’ digital competencies, which also made significant contributions. In contrast, teachers’ digital competence and level
of exposure to digital technologies were not significant predictors when considered alongside other variables. These results
demonstrate that the perceived pedagogical value of digital technologies primarily depends on the ability to encourage students’
interaction and active participation in the teaching process. The research also provides empirical evidence from the technical
faculty context and contributes to understanding the conditions under which digital technologies enhance teaching quality.

Keywords: Digital Technologies, Pedagogical Value, Engineering Students, Student Engagement

Introduction

Digital technologies are recognized for their potential to improve learning and encourage new teach-
ing methods. Research shows that using technology in education can lead to better academic performance,
increase student motivation, and provide more flexible access to educational resources (Chiu, 2021).

At the same time, while some research points to the benefits that the application of digital technolo-
gies in teaching brings, there are also those that point to challenges in their use. Challenges include pri-
marily the insufficient institutional readiness of educational institutions for the use of digital technologies,
their inconsistent use by teachers, as well as the problem of students’ interest in their application (Alenezi,
2021; Fuentes and LaBad, 2025; Kalyani, 2024).

The relevance of these issues is particularly pronounced in engineering education, where contem-
porary curricula increasingly rely on simulation software, computer-aided design (CAD), virtual labora-
tories, and data-driven tools that reflect the digitalized environments in which future engineers will work
(Alreiahi et al., 2024; Hsu et al., 2025). As engineering practice advances toward Industry 4.0 and 5.0
paradigms, digital competencies acquired through technology-rich learning environments have become
an integral part of the professional profile expected of graduates (Broo et al., 2022). Therefore, limited
‘Corresponding author: selena@uns.ac.rs
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integration of digital technologies into teaching may have long-term consequences, potentially restricting
students’ opportunities to develop discipline-relevant digital skills, widening the gap between educational
practice and industry expectations, and reducing the perceived relevance of instruction for a generation
of students accustomed to digitally mediated environments (Sjoberg et al., 2024).

Therefore, existing research indicates that in order to assess the effectiveness of the application
of digital technologies in the teaching process, in addition to their availability and/or regular use, it is
necessary to examine the context of students’ readiness to use them. It is shown that adequate technical
infrastructure of institutions, availability of digital tools for learning, as well as institutional support are most
often key factors for effective implementation of digital technologies in the teaching process (Redecker,
2017; Alenezi, 2021). At the same time, due to the discrepancies between the attitude of a certain insti-
tution on the use of digital technologies and their actual application in teaching (Ree et al., 2022), it is
necessary to conduct research that examines the experiences of students in relation to digital technolo-
gies within the framework of different higher education institutions and different study programs. In this
sense, student engagement, which combines behavioral, emotional and social engagement, as well as
cognitive investment (Bond et al., 2020; Bowden et al., 2021), in learning experiences becomes a subject
of interest for future research. At the same time, students’ digital literacy and their previous use of digital
technologies can influence how they assess the quality of teaching, the effectiveness of communication,
and the perceived value of using digital technologies (Sillat et al., 2021).

These elements are especially significant within higher education institutions emphasizing Science,
Technology, Engineering, and Mathematics (STEM) fields, given that problem-solving in these domains
necessitates the utilization of intricate and interdisciplinary approaches. The Faculty of Technical Sci-
ences of the University of Novi Sad offers a wide range of study programs in the STEM field, at all levels
of academic studies; basic, master and doctoral. Teaching at the faculty includes the constant develop-
ment of students’ skills, which gradually develop from fundamental to highly specialized research and
innovation. The focus is on practical work, project-based learning and cooperation with industry, which are
among the basic characteristics of STEM teaching methods.

In this study, the pedagogical value of digital technologies is understood as students’ evaluation of the
extent to which these technologies genuinely improve the quality of teaching and learning, rather than their
mere availability or frequency of use. This understanding builds on critical accounts of technology-enhanced
learning, which caution that enhancement cannot be assumed from access alone but must be judged against
qualitative changes in teaching and learning processes (Kirkwood and Price, 2014). Itis also consistent with
evidence that students appraise digital technologies primarily in terms of their perceived usefulness for learn-
ing — supporting understanding, organisation of study, and engagement — rather than their technical novelty
(Henderson et al., 2017). Perceived pedagogical value is therefore conceptually related to, but broader than,
the notion of perceived usefulness in technology acceptance models, as it refers to the contribution of tech-
nologies to teaching quality and student engagement within a specific institutional context.

The aim of this study, conducted at the Faculty of Technical Sciences of the University of Novi Sad, is
to examine the perception of first-year students about digital technologies. Investigating first-year students’
attitudes toward digital technologies in educational contexts is particularly important, given that their initial
academic encounters predominantly consist of core courses in various STEM fields. Courses such as
mathematics, physics, and introductory engineering are critical in shaping students’ overall learning expe-
riences and their initial attitudes toward technology-enabled instruction. Also, because first-year students
are not yet narrowly specialized, their attitudes are less affected by discipline-specific practices and more
indicative of general pedagogical approaches. Consequently, exploring their perspectives offers valuable
insights into the underlying acceptance, expectations, and perceived effectiveness of digital technologies
in teaching, which can subsequently inform broader curricular and instructional strategies in STEM fields.

The key objective of the research was to analyze students’ perceptions regarding the utilization of
digital technologies in education, their integration into pedagogical practices, and their influence on the
perceived quality of instruction and student involvement. The analysis focused on whether the utilization
of digital resources influences students’ evaluations of teachers’ digital competencies and the overall
quality of the educational process. The utilization of digital technologies under situations of objectively
constrained resources was also examined, encompassing technological limits, software accessibility, and
availability of specialist digital tools.
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Theoretical Framework

The integration of digital technologies within higher education has been extensively investigated
via diverse theoretical frameworks, each seeking to elucidate the determinants of technology adoption,
its utilization patterns, and its impact on pedagogical practices. Prominent among these models are the
Technology Acceptance Model (TAM), the Unified Theory of Acceptance and Use of Technology (UTAUT),
and competence-based structures such as DigCompEdu.

Davis in 1989 introduced the Technology Acceptance Model (TAM) putting in focus as a key factors
to someone’s attitude towards use of technology following two things: how useful they think it is, and how
easy itis to use. These beliefs then affect their intentions and, eventually, their actual use of the technology.

In higher education, TAM is often used to study how students accept digital learning systems. Ac-
cording to this model, tools that appear useful and simple to use tend to be evaluated more positively.
However, TAM has been criticized because it focuses mainly on personal perceptions and does not fully
take into account wider teaching practices, social dynamics, or institutional support, all of which also influ-
ence how technology is experienced in learning.

To address these limitations, the Unified Theory of Acceptance and Use of Technology (UTAUT), de-
veloped by Venkatesh et al. in 2003, expands the Technology Acceptance Model (TAM) by adding factors like
social influence and facilitating conditions. In educational settings, facilitating conditions include things like
the school’s infrastructure, access to digital tools, and how ready the organization is. Teachers’ pedagogical
approaches and their subject matter knowledge constitute significant social and instructional determinants.
The findings of this study provide some support for the Unified Theory of Acceptance and Use of Technology
(UTAUT), specifically by illustrating the importance of institutional support and students’ digital literacy in
shaping their evaluation of the educational benefits associated with digital technologies. Simultaneously, the
observation that mere exposure to digital tools does not correlate with perceived value implies that frequent
usage, in isolation, is insufficient; instead, more robust, pedagogically oriented justifications are warranted.

In this regard, the DigCompEdu framework (Redecker, 2017) offers a more comprehensive perspec-
tive by emphasising educators’ digital competence as a key factor in designing meaningful technology-en-
hanced learning experiences. DigCompEdu conceptualises teachers’ digital competence as an integration
of technical, pedagogical, and organisational skills that enable the effective use of digital technologies for
teaching and learning. Although the present study confirms that teachers’ digital competence is positively
associated with student engagement, its direct effect on perceived pedagogical value was not statistically
significant when engagement was included in the model. This suggests that teachers’ observable use of
digital tools has an indirect effect, mainly by their ability to create engaging learning environments.

This study’s main contribution is its emphasis on the mediating role of student engagement. Although
the Technology Acceptance Model (TAM) and the Unified Theory of Acceptance and Use of Technology
(UTAUT) don't explicitly include engagement, current educational research increasingly views it as a key
link between technology use and learning outcomes. Evidence suggests that students judge the value of
digital tools mainly based on how well those tools support active participation, motivation, and cognitive in-
volvement, rather than on the tools themselves or the teacher’s technical skill (Bond and Bedenlier, 2019).

Overall, the findings show that although TAM and UTAUT are helpful for understanding factors that
shape technology acceptance, they do not fully capture the educational benefits of digital technologies in higher
education. Conversely, the findings align most closely with a more expansive, engagement-centric viewpoint.
This perspective integrates the UTAUT model’s focus on institutional backing with DigCompEdu’s emphasis
on teacher proficiency, while prioritizing student engagement. This more holistic framework offers a more nu-
anced comprehension of digital technologies’ role in fostering meaningful learning; their efficacy is contingent
not solely on their accessibility, but also on the effectiveness of their integration within pedagogical practices.

Materials and methods

Sample and measure

The sample included 375 first-year students from the 10 study programs at the Faculty of Technical
Science, University of Novi Sad. A non-probability convenience sampling approach was adopted, with
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students drawn from across the ten study programs in order to capture disciplinary diversity within the
first-year cohort. First-year students were selected because, having recently transitioned from second-
ary to higher education, they were able to compare traditional, lecture-based teaching with technology-
supported teaching. The study was approved by the Ethical Commission of the Faculty of Technical Sci-
ences. Participants completed a paper-based survey administered in person during regularly scheduled
practical (tutorial/laboratory) classes from October 21 to December 4, 2024, during the first semester of
the 2024/25 academic year. The students were verbally informed about the voluntary research study and
confirmed their written consent in the questionnaire.

Data were collected using a structured questionnaire comprising three conceptually distinct seg-
ments. The first segment included the respondents’ basic sociodemographic characteristics (gender, study
program) and self-assessment of IT skills (low, medium, high). This part also included questions related to
experience and exposure to digital technologies in the teaching process, such as: the types of digital tools
teachers use (multiple-choice question), dominant form of teaching (traditional, digital, combined), use of
quizzes to assess knowledge, and attitude towards the use of knowledge testing applications. These vari-
ables are of categorical type and were used in descriptive and comparative analyses (Table 1).

Table 1. Characteristics of the sample (N = 375)

Variable Categories n %
Gender Female 110 29.3
Male 265 70.7
High 65 17.3
Perceived IT skills Medium 252 67.2
Low 58 15.5
Geodetic and Geomatic Engineering 33 8.8
Energy and Process Engineering 34 91
Biomedical Engineering 12 3.2
Mechanical Design Engineering 44 1.7
Study program Mechanical Engineering 72 19.2
Mechatronic Engineering 69 18.4
Traffic Engineering 48 12.8
Environmental Engineering 21 5.6
Safety Engineering 23 6.1
Disaster Risk Management 19 5.1
. yes 363 96.8
Presentation o 19 39
Videos yes 87 23.2
. . no 288 76.8
DT in the teaching process
Animation yes 62 165
no 313 83.5
yes 71 18.9
Internet platforms o 304 811
A yes 14 3.7
no 361 96.3
yes 2 5
Other no 373 99.5
Blackboard and chalk 109 291
Lectures are conducted DT 15 4.0
Combination 251 66.9
. yes 44 1.7
Quizz no 331 88.3
Yes 130 34.7
Would you like to have quizzes No 123 32.8
Not sure 122 32.5
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The second segment consisted of a 10-question assessment on a five-point Likert scale (1 - strong-
ly disagree to 5 - strongly agree). This part examined students’ views on: the pedagogical value of digital
technologies, the motivational effect of their application, the impact on the interaction between teachers
and students, the effectiveness in explaining the material, and communication through digital platforms.
The third segment included 8 Likert items that assessed the technical and organisational conditions for
the application of digital technologies in the teaching process, including: adequacy of technical equip-
ment, stability of the internet network, clarity and preparedness of instructions, availability of teaching
materials, and the possibility of online consultation.

The instrument was developed by adapting items from four previously published survey studies
and tailoring them to the STEM context. ltems measuring the perceived pedagogical value and the mo-
tivational and communicational aspects of digital technologies were adapted from Abdurashidova et al.
(2023) and from the perceived-usefulness and experience scales of Aimaiah et al. (2022); items measur-
ing teachers’ digital competence were adapted from the tutor-quality scale of Aimaiah et al. (2022); items
on the types of digital technologies used in teaching and on institutional and infrastructural support were
adapted from the ASTI Research and Surveys (2024) teacher survey and from TeSanovic et al. (2019),
which also informed the two-part categorical and attitudinal architecture of the questionnaire and the
self-assessment of IT skills. A small number of subject-specific items were generated by the authors on
the basis of preliminary interviews with students. Table 2 summarises the constructs, their indicators, and
their sources.

Table 2. Constructs, indicators, and sources of the questionnaire items

Construct / questionnaire segment  Example indicators (items) Source(s)

Sociodemographic characteristics ~ Gender; study program; self-assessed IT skills (low, medium, Tesanovic et al. (2019)

and self-assessed IT skills high)

Types of and exposure to digital Presentations, videos, animations, internet platforms, Al; ASTI Res%arch & Surveys
i ; . : o . (2024); TeSanovic et al.

technologies (DT) in teaching dominant form of teaching; use of quizzes

(2019)

“| prefer to attend classes that use digital technologies rather
Perceived pedagogical value than traditional lectures.”; “Digital technologies make the
process of teaching and monitoring more interesting.”

Abdurashidova et al. (2023);
Almaiah et al. (2022)

“Using digital technologies in teaching motivates me to be more
Communication/relational value actively involved in the learning process.”; “The use of digital Abdurashidova et al. (2023);
and student engagement technologies encourages better interaction between professors ~ Almaiah et al. (2022)

and students.”

“Professors use internet platforms to communicate with

Teachers’ digital competence students.”; “Professors use digital tools effectively to explain Amaiah et al. (2022), tutor-

material and communicate.” quality scale
Adequacy of technical equipment; organisation of technical ASTI Research & Surveys
Institutional support (Support Index)  support; stability of the internet network; availability of teaching  (2024); TeSanovi¢ et al.
materials; possibility of online consultation (2019)
Subject-specific items Items developed on the basis of preliminary interviews with Authors

students

The psychometric quality of the instrument was established in three ways. Content validity was
supported by grounding each construct in previously validated instruments (Table 2) and by review of
the adapted items within the research team. Construct validity was examined through exploratory factor
analysis using principal axis factoring with Varimax rotation, with sampling adequacy confirmed by the
Kaiser-Meyer—Olkin measure (KMO = .82 and .76 for the two parts of the instrument) and Bartlett's test
of sphericity (p < .001 in both cases). ltems were retained on the basis of factor loadings = 0.30 and
theoretical coherence, as detailed in the Results section. Internal consistency was acceptable for the
Perceived Pedagogical Value (a = .74), Support Index (a = .74) and Communication/Relational Value (a
= .70) scales. Teachers’ digital competence was measured with two items adapted from the tutor-quality
scale of Almaiah et al. (2022), in which tutor quality refers to teachers’ supportive and facilitating role in
technology-mediated teaching, including the use of online platforms for communication with students. The
original instrument comprised 34 items across nine constructs, rated on the same five-point Likert format
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used here, with internal consistency across constructs ranging from a = .76 to a = .90. As operationalised
in the present study, the dimension is represented by only two items and therefore captures students’
perceptions of teachers’ use of digital tools and platforms — a narrow, behaviourally oriented indicator
rather than the full construct as conceptualised in the DigCompEdu framework (Redecker, 2017), which
additionally encompasses pedagogical and organisational dimensions not assessed here.

The two items measuring teachers’ digital competence were adapted from a different source instrument
(Almaiah et al., 2022) and refer to teachers’ observable behaviour rather than to students’ own experience of
digital technologies in learning. Their initial communalities with the remaining items of the first segment were low
(.16 and .14), indicating limited shared variance with the rest of the item pool. An exploratory solution including
these items produced an improper solution, with a communality exceeding 1.0 during extraction — an outcome
typical of factors defined by few indicators with little common variance (Fabrigar et al., 1999). These two items
were therefore treated as an a priori two-item scale and were not included in the exploratory factor analysis.

Data analysis

In a preliminary step, all 18 Likert items were analysed jointly (KMO = .790; Bartlett’s test of spheric-
ity x3(153) = 1598.913, p < .001). This joint solution yielded five factors, with items from both conceptual
segments distributed across factors and no factor corresponding to either of the two intended content do-
mains. The solution was therefore not interpretable in terms of the instrument’s design. Because the instru-
ment had been constructed a priori as two conceptually distinct segments — (1) students’ perceptions of
the use of digital technologies in teaching, and (2) the technical and institutional conditions supporting that
use — which were intended to function as separate scales, the main analyses were conducted separately
for each segment. The joint analysis is reported for transparency; it is not treated as a test of the instru-
ment’s overall dimensionality, since the two segments were not intended to form a single measurement
space. The main exploratory factor analyses were conducted using principal axis factoring (PAF) with Vari-
max rotation and Kaiser normalization. The PAF method was selected over PCA because the goal was to
identify latent constructs underlying the observed items, rather than to reduce data dimensionality (Fabri-
gar et al., 1999). The maximum number of iterations for convergence was set to 250; all reported solutions
converged and all communalities remained within admissible bounds. Sampling adequacy was assessed
using the Kaiser—-Meyer—Olkin (KMO) measure, while Bartlett's test of sphericity was used to evaluate the
suitability of the correlation matrix for factor analysis. The number of factors was determined on the basis
of the scree plot, with the Kaiser criterion (initial eigenvalues > 1) considered as supporting evidence and
interpreted together with the theoretical structure of the instrument. Items were retained on the basis of
factor loadings = .30, a threshold appropriate for samples exceeding 350 respondents (Hair et al., 2018);
where an item loaded above this threshold on more than one factor, it was assigned to the factor with the
higher loading, and all cross-loadings are reported. Internal consistency was assessed using Cronbach’s a
for scales comprising three or more items. For the two-item measure, the Spearman-Brown coefficient and
the inter-item correlation are reported instead, as a is systematically attenuated by scale length and is not
the appropriate reliability index for two-item scales (Eisinga, Grotenhuis and Pelzer, 2013).

In the second instrument segment, internal consistency was additionally used as a secondary criterion for
item selection; this is an exploratory, data-driven procedure and is acknowledged among the study’s limitations.

Group differences were examined using independent-samples t-tests and one-way analysis of
variance, with Levene’s test used to assess homogeneity of variances. Associations between categorical
variables were analysed using Pearson’s chi-square test, with Cramér’s V reported as the effect size.
Pearson correlation analysis was used to assess relationships between continuous variables, and multi-
ple linear regression was used to examine predictors of perceived pedagogical value; standardised beta
coefficients, R? and adjusted R? are reported. Statistical significance was set at p < .05. All analyses were
conducted in IBM SPSS Statistics v26 [34].

Results

Factor Structure of the Questionnaire

The first segment of the instrument originally comprised 10 items. Three items were not included
in the exploratory factor analysis. The item “I don’t have to go to class to understand the course material”
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was excluded because its factor loading fell below the .30 threshold. The two items measuring teachers’
digital competence were treated as an a priori two-item scale, for the reasons set out in Section “Sample
and measure”, and were analysed separately (see below). Exploratory factor analysis was therefore con-
ducted on the remaining seven items.

Table 3. Rotated factor matrix of the first part of the Instrument

Factors’ loadings

ltems 1 9

| prefer to attend classes that use digital technologies rather than traditional lectures. T3 239
Digital technologies make the process of teaching and monitoring more interesting. J70 205
Multimedia content helps me understand the material better. 374 335
The use of digital technologies enables more efficient acquisition of new knowledge. 449 347

Using digital technologies in teaching motivates me to be more actively involved in the learning process. 429  .611
The use of digital technologies encourages better interaction between professors and students. 264 628

| have the impression that professors devote more time to lectures when they use digital technologies in 122

their teaching. .561

Note: Extraction method: principal axis factoring. Rotation method: Varimax with Kaiser normalisation. Loadings in bold
indicate the factor to which the item was assigned.

The Kaiser-Meyer-Olkin measure of sampling adequacy was good (KMO = .816), and Bartlett’s test
of sphericity was statistically significant (x3(21) = 729.08, p <.001), indicating that the data were suitable
for factor analysis. Principal axis factoring converged in 13 iterations, and Varimax rotation converged in 3
iterations; all extracted communalities were within admissible bounds. A two-factor solution was retained
on the basis of the Kaiser criterion (initial eigenvalues of 3.21 and 1.00), the theoretical structure of the
instrument, which distinguishes pedagogical from communication/relational value, and the interpretability
of the resulting factors. The scree plot (Figure 1) indicates a pronounced break after the first factor; the
second factor is therefore modest in magnitude, and this is noted among the study’s limitations. The two
factors accounted for 24.80% and 20.20% of the variance respectively (rotation sums of squared load-
ings), or 45.00% cumulatively — a moderate but reasonable value for instruments of this type (Hair, Black,
Babin and Anderson, 2018). The item structure and factor loadings are presented in Table 3.

Eigenvalue

1 2 3 4 5 i} T

Factor Number

Figure 1. Scree plot for the first part of the Instrument

The first factor, labelled Perceived Pedagogical Value, comprises four items concerning the con-
tribution of digital technologies to the quality and attractiveness of teaching. The second factor, labelled
Communication/Relational Value, comprises three items concerning the effects of digital technologies on
motivation and on communication between teachers and students. Three items loaded above .30 on both
factors and were assigned to the factor with the higher loading; all loadings are reported in full in Table
3. For one item (“Multimedia content helps me understand the material better”) the two loadings were of
comparable magnitude (.374 and .335), and its assignment should therefore be regarded as provisional.
Communalities for three items were below .35; with communalities in this range, larger samples are
required for stable factor recovery, a condition met by the present sample of 375 respondents (MacCal-
lum, Widaman, Zhang and Hong, 1999). Teachers’ digital competence was represented by the two items
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adapted from Almaiah et al. (2022) and was not derived from the exploratory factor analysis. Reliability
for this two-item measure is expressed as the inter-item correlation (r = .353) and the Spearman-Brown
coefficient (SB = .52); Cronbach’s a is not an appropriate index for two-item scales (Eisinga, Grotenhuis
and Pelzer, 2013). The limitations of this measure are addressed in the Limitations section.

The second part of the instrument includes 8 items related to institutional support and the utilisation
of digital technology. The PAF analysis was conducted (KMO = .763), and Bartlett’s test of sphericity was
statistically significant (x* (21) = 532.79, p < .001). Although the Kaiser criterion yields 2 factors (>1), the
other is borderline, and the scree plot clearly supports a single factor (Figure 2), named Support Index,
consisting of 7 items and explaining 40.1% of the variance; item “Professors give advantages to digital
technologies” was removed because its exclusion improved the internal consistency of the scale. The
Support Index item structure and factor loadings are represented in Table 4.

Table 4. Factor matrix of the second part of the Instrument

Factors’
ltems loadings
The faculty where | study has adequate technical equipment that is needed for the unhindered use of 634
digital technologies in the teaching process. '
Technical support for digital technologies at the faculty is well organised. 719
Classrooms are connected to a fast, stable internet network. 512
The instructions | receive for the use of digital technologies in teaching are adequately prepared. 615
| have adequate equipment for accessing digital materials from home. 404
The material used in the lectures is easily available. 546
Consultations with professors and assistants are available via online platforms. 465

3,000
°
2,500
2,000
)
= 1,500
.
g 1,000 ® i
i} ®
0,500 b °
0,000
0 2 4 6 8

Factor Number

Figure 2. Scree plot for the second part of the Instrument

The skewness and kurtosis for all scales do not exceed £2, indicating that the normality assump-
tion is not violated (West et al., 1995). Internal consistency was acceptable for the three multi-item scales;
for the two-item Teachers’ Digital Competence measure, the inter-item correlation (r) and the Spearman-
Brown coefficient (SB) are reported instead, as Cronbach’s alpha is not an appropriate reliability index
for two-item scales. Reliability estimates and descriptive statistics for all scales are presented in Table 5.
There is a positive correlation between perceived pedagogical value and communication/relational value
(r=.55, p <.001), between perceived pedagogical value and teachers’ digital competence (r = .128, p =
.013), and between perceived pedagogical value and support index (r = .192, p < .001). The remaining
correlations between factors were also statistically significant.
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Table 5. Descriptive statistics and internal consistency of instrument scales

Instrument scales M SD Sk Ku alr,SB
Perceived pedagogical value 3.64 0.75 -0.40 0.23 0.74
Communication/relational value 3.02 0.92 -0.03 -0.36 0.70
Teachers’ digital competence 3.76 0.89 -0.39 -0.31 0.35; 0.52
Support Index 3.67 0.73 -0.24 -0.36 0.74

Note: M = mean; SD = standard deviation; Sk = skewness; Ku = kurtosis; a = Cronbach’s alpha; inter-item correlation (r) and
the Spearman-Brown coefficient (SB)

Descriptive statistics indicate a moderately positive perception of the pedagogical value of digital
technologies (M = 3.64; SD = 0.75) and the digital competence of teachers (M = 3.76; SD = 0.89), while
communication/relational value is closer to the neutral value (M = 3.02, SD = 0.92).

DT exposure

Descriptive analysis shows that the average value of the index of exposure to digital technologies
in teaching was M = 0.62 (SD = 0.81), with values ranging from 0 to 4. These results indicate that, on
average, students are exposed to fewer than one additional advanced digital tool in the teaching process.
Although there is some variability in responses, the overall level of exposure remains relatively low. The
exposure to DT, depending on the type of study program, is shown in Figure 3.

Environmental Engin.

Safety Engin.

Disaster Risk Manag.

Traffic Engin.

Mechatronic Engin.

Mechanical Engin.

Study Programme

i

Mechanical Design Engin.

Energy and Process Engin.

Geodetic and Geomatic Engin.

Biomedical Engin.

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

o

Responsens relativeto study programme

B Al B Internet platforms M Animation M Video M No useof DT
Figure 3. Students’ attitude towards DT exposure regarding study programme

Group deference

To examine whether there are gender differences in perceptions of digital technologies in the teach-
ing process, an analysis of group differences was conducted. The analysis did not show statistically signifi-
cant differences between male and female subjects for the variables examined (t (373) =-0.51, p = 0.613).

To investigate whether there are differences in perceptions of the pedagogical value of digital tech-
nologies across students’ self-assessed IT skill levels, a one-factor analysis of variance (ANOVA) was
conducted. The assumption of homogeneity of variances was satisfied (Levene’s test, p = .431). The
results of the ANOVA showed a statistically significant difference among the groups, F (2, 372) = 5.41, p = .005.
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Post hoc Tukey test showed that students with high IT skills had significantly higher scores on the per-
ceived pedagogical value of digital technologies scale (M = 3.90) compared to students with medium (M
=3.62,p=.019) and low (M = 3.47, p =.005) IT skills. The difference between students with medium and
low IT skills was not statistically significant (p = .397).

A crosstab analysis was conducted to examine whether students’ exposure to advanced digital
technologies in the classroom differed between study programs. The results showed a statistically sig-
nificant association between the study program and the DT exposure index (x*(36) = 65.88, p = .002,
Cramer’s V = 0.21), indicating a small-to-moderate effect size. In total, more than half of students (54.7%)
reported no exposure to advanced digital tools in class, while 32.0% reported exposure to one tool, and
only a minority reported exposure to two or more tools. The distribution of the DT exposure index differed
across study programs, indicating that students in different fields have varying levels of integration of
digital technologies in the teaching process.

Regression analysis

To identify the significant predictors of perceived pedagogical value, a series of regression analy-
ses was done. The initial focus was on examining the relationship between teachers’ digital competence,
student engagement, digital exposure, IT students’ competence, and institutional support with the initial
variable. The findings reveal the following results.

Teachers’ digital competence is a statistically significant but weak predictor of student engagement
(B =0.110, p = .033), accounting for only 1.2% of the variance in this construct (R? = 0.012). Student
engagement then proved to be a strong predictor of the perceived pedagogical value of digital tech-
nologies (B = 0.551, p <.001), explaining 30.4% of the variance of the dependent variable (R? = 0.304).
When teachers’ digital competence and student engagement were simultaneously included in the model
for predicting the perceived pedagogical value of digital technologies, student engagement remained a
statistically significant predictor (8 = 0.544, p <.001), while the direct effect of teacher digital competence
was no longer statistically significant (B = 0.069, ns). These results indicate that student engagement
mediates the relationship between teachers’ perceived digital competence and the perceived pedagogical
value of digital technologies. In order to get a more complete understanding of the factors influencing the
perceived pedagogical value of digital technologies, the model was extended to include additional vari-
ables related to institutional support, students’ IT skills, and classroom exposure to digital technologies.
A multiple regression analysis was conducted that included, in addition to the above variables, the index
of institutional support, students’ IT competence (a dichotomous variable indicating higher or lower levels
of students’ self-assessed IT skills), and the index of exposure to digital technologies (DT exposure). The
overall model was statistically significant (F(5, 369) = 37.560, p < .001) and explained 33.7% of the vari-
ance in the perceived pedagogical value of digital technologies (R? = 0.337).

In this expanded model, student engagement again emerged as the strongest predictor (§ = 0.524,
p <0.001). In addition, the index of institutional support (8 = 0.126, p = .010) and students’ IT competen-
cies (B = 0.135, p = .002) made statistically significant contributions to the model. In contrast, teachers’
digital competence (B = 0.011, p = .815) and exposure to digital technologies in teaching (p = 0.024, p =
.582) were not significant predictors when other variables were included.

These findings indicate that the perceived pedagogical value of digital technologies in teaching large-
ly depends on student engagement, the level of institutional support, and students’ digital competencies.
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Teachers' digital competence

p=0.110" p=0.069
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B=0.126 * p=0.524""" B=0.135"

Perceived pedagogical value of DT

Figure 4. Regression model of the relationships among teachers’ digital competence, student engagement, and
the perceived pedagogical value of DT (p<.05, p <.001, ns=not significant)

Overall, the results indicate that although students express a positive perception of digital tech-
nologies and of teachers’ digital competence, the integration of advanced digital tools into the teaching
process remains relatively limited. In addition, student engagement has been shown to be a key factor
associated with the perceived pedagogical value of digital technologies.

Discussions

This study examined first-year engineering students’ perceptions of digital technologies (DT), their
representation in teaching, and the factors that predict the perceived pedagogical value of DT at the Fac-
ulty of Technical Sciences (FTN), University of Novi Sad. In relation to these objectives, three main findings
emerged. First, although students held moderately positive views of DT and of teachers’ digital compe-
tence, their exposure to advanced digital tools was limited and fragmented. Second, regression analyses
identified student engagement as by far the strongest predictor of perceived pedagogical value ( = 0.524,
p <.001), followed by smaller but significant contributions of students’ IT competencies (8 = 0.135, p =
.002) and institutional support (8 = 0.126, p = .010), with the full model explaining 33.7% of the variance.
Third, teachers’ digital competence and exposure to DT were not significant predictors once engagement
was taken into account. Taken together, these findings indicate that students judge the value of DT primar-
ily by its capacity to foster active participation, which is consistent with engagement-centred accounts of
technology-enhanced learning (Bond et al., 2020; Henderson et al., 2017) rather than with acceptance
models that foreground technology attributes alone. This is in agreement with previous findings showing
that the effectiveness of digital tools in higher education depends more on how they are pedagogically
embedded than on their technical sophistication (Henderson et al., 2017; Kirkwood and Price, 2014).

The participant group included 375 first-year students from ten different academic programs. The
distribution of responses across these programs was as follows: Biomedical Engineering (12 participants),
Geodesy and Geoinformatics (33 participants), Energy and Process Engineering (34 participants), Me-
chanical Design Engineering (44 participants), Mechanical Engineering (72 participants), Mechatronics
Engineering (69 participants), Traffic Engineering (48 participants), Disaster Risk Management (19 partici-
pants), Safety Engineering (23 participants), and Life Safety Engineering Environment (21 participants).
Among the responders, 70.7% are male and 29.3% are female.

Results show students’ low exposure to advanced digital technologies. This finding must be inter-
preted in relation to the actual types of DT used at the Faculty of Technical Sciences. Although digital tools
are employed in presentations with near universal prevalence (96.8%), the integration of more interactive
or conceptually advanced formats, such as videos (23.2%), animations (16.5%), and internet platforms
(18.9%), is significantly less common. The use of Al tools is minimal, at 3.7%. Conversely, while the in-
tegration of these resources improves the core organization and structure of course content, it does not
provide the heightened interactivity, feedback, and collaborative opportunities that often foster greater
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student engagement with the learning process. As a result, exposure to digital technologies did not sig-
nificantly correlate with perceived pedagogical value. Students generally viewed digital technologies as
beneficial for learning. The evaluations showed mostly positive results, with an average score of 3.64. In
contrast, students’ understanding is mainly based on basic technologies and teaching methods, rather
than on complex, interactive resources. This observation is consistent with studies indicating that digital
technologies (DT) characterized by low complexity and a focus on presentation fail to fully exploit technol-
ogy’s pedagogical capabilities (Baddar and Khan, 2023; Zou et al., 2025; Bond et al., 2020).

Furthermore, in many programs, a significant number of students reported not having much experi-
ence with advanced digital technologies. This was especially pronounced in Energy and Process Engi-
neering, Mechatronic Engineering, Traffic Engineering, Geodetic and Geomatic Engineering, and Safety
Engineering, where over half of the participants indicated that such tools were not utilized in their instruc-
tion. This suggests that traditional or basic forms of digital support continue to dominate instructional
approaches in these fields, which is consistent with previous research showing that higher education
teaching often relies on low-complexity digital tools rather than more advanced or interactive technologies
(Henderson et al., 2017; Kirkwood and Price, 2014).

Where exposure is present, it is most commonly limited to a single digital tool, as observed in pro-
grammes such as Biomedical Engineering, Disaster Risk Management, and Environmental Engineering,
indicating a partial but still relatively narrow integration of digital technologies. In contrast, programmes
like Mechanical Engineering and Mechanical Design Engineering show a more balanced distribution,
although even in these cases, the use of multiple advanced tools remains limited. Across all programmes,
exposure to two or more advanced digital technologies is consistently low, and the use of a broader
range of tools is almost absent. These patterns suggest that digital technologies are not systematically
embedded into teaching processes but are instead applied in a fragmented and surface-level manner.
Furthermore, the observed differences between study programs suggest that the use of digital tools varies
by discipline. This likely reflects differences in how curricula are structured, how teaching is done, and the
resources available at each institution (Bond et al., 2020). The data suggests that students’ chances to
engage with diverse and interactive digital learning environments are limited. This could hinder the poten-
tial of digital technologies to create more meaningful and transformative learning experiences.

Although only 11.7% of the people surveyed said they used quizzes to assess knowledge during
lectures, 34.7% of the students wanted to use more tools for evaluating knowledge in class. The limited
use of quizzes in education is mainly due to the need for licenses for many users on most platforms,
such as Kahoot, Mentimeter, and Quizizz, which the faculty currently doesn’t have. Interestingly, 32.5%
of students are unsure about quizzes, while 32.8% prefer not to use them to assess their understanding.
This outcome is likely attributable to the ambiguous phrasing of the question, which fails to underscore
the anonymity of student participants. These quizzes can enhance the educational process by providing
not only a knowledge assessment at the conclusion of lectures but also by awarding participants with the
top scores a specific amount of credit towards pre-examination requirements.

Findings related to individual characteristics suggest that gender does not appear to be a strong
differentiating factor in students’ perceptions of digital technologies or institutional support within this
context. This aligns with meta-analytic evidence indicating that gender differences in DT use and skills
are generally small and statistically insignificant in many modern student populations, particularly where
digital experience is widespread (Qazi et al., 2022). However, it is important to acknowledge that some
studies continue to report context specific gender variations in digital skills and attitudes, demonstrating
that such differences, while reduced, have not been entirely eliminated (Campos and Scherer, 2024).

The notable disparities observed among IT skill groups align with existing research (Le et al., 2022).
Students’ self-evaluated digital literacy influences their ability to navigate digital resources and their over-
all disposition toward technology-integrated learning. While a higher self-reported digital literacy doesn’t
always correlate with academic success, it consistently influences how students engage and how they
perceive digital learning environments. Students with higher digital literacy rated the pedagogical value
more positively. This finding supports the idea that a student’s readiness influences how they use digital
tools and how they assess their usefulness.

At the study program level, the findings suggest a variance in students’ engagement with sophisticated
digital technologies, contingent upon their specific study programs. This observation implies that the integra-
tion of digital resources is not uniform across academic fields, echoing previous research that highlights dis-
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ciplinary differences in the adoption and pedagogical utilization of digital technologies (Bond et al., 2020).

The considerable proportion of students indicating minimal interaction with advanced digital tools
may be explained by instructional approaches that emphasize fundamental technologies, including pres-
entation software and learning management systems, with more interactive and complex applications
being utilized less often (Henderson et al., 2017; Kirkwood and Price, 2014). These observations support
the view that digital transformation in higher education is a fragmented and context-dependent process,
shaped by differences in pedagogical design, instructor proficiency, and institutional resources (Tondeur
etal., 2017; Bond et al., 2018).

Relatively neutral perception of the communication/relational value of DT that students have is consist-
ent with the infrequent use of tools that support two way communication, such as learning platforms, online
communication channels, and formative quizzes. With limited opportunities for structured teacher to student
or peer to peer interaction students perceive fewer interpersonal or motivational benefits from DT, which
caps perceived value. Similar research demonstrates that in order to improve the relational and motivat-
ing aspects of learning, communication-oriented technology must be regularly and meaningfully integrated
(Baddar and Khan, 2023). Classroom formats at FTN reinforce this pattern. Most students experience a
hybrid but predominantly traditional teaching model a combination of blackboard and digital tools (66.9%),
while 29.1% attend fully traditional classes and only 4% experience DT only instruction. In such environ-
ments, DT is often used as an add on to a lecture centered approach rather than as a vehicle for active
learning. Consequently, student engagement (the strongest predictor of perceived value) depends more on
teachers’ pedagogical orchestration than on the presence of DT itself. When digital technology (DT) isn’t
integrated into practical, or collaborative learning, its perceived teaching benefits are limited. This aligns with
previous research, which shows that teachers need both structural and teaching support to move beyond
basic technology use (Le et al., 2022). Students generally viewed digital technologies as pedagogically
valuable and rated teachers’ digital skills positively. This is consistent with earlier studies that found a link
between teachers’ skills and their intention to use digital resources (Baddar and Khan, 2023; Wadmany and
Kliachko, 2014). However, in this study, the measured aspect of teachers’ digital competence had only a
small direct effect on perceived pedagogical value. Once student engagement was added to the model, its
effect disappeared. This implies that students only find teacher competence valuable when it leads to en-
gaging and interactive learning. In settings where presentations and a mix of traditional and modern teach-
ing methods are common, competence is evident, but its impact may be limited (Wadmany and Kliachko,
2014). This finding contrasts with studies that treat teachers’ digital competence as an independent driver of
perceived instructional quality (Baddar and Khan, 2023; Wadmany and Kliachko, 2014); the present results
suggest that its influence is conditional and largely mediated by student engagement, extending prior work
by clarifying the mechanism through which competence translates into perceived value.

Student engagement was the most important factor in determining perceived pedagogical value,
accounting for over 30% of the observed differences. Notably, the standardized coefficient for student en-
gagement ( = .524) was considerably larger than those for institutional support (B = .126) and students’
IT competence (B = .135), indicating that its contribution to perceived pedagogical value was approxi-
mately four times stronger than that of the other two significant predictors. This disproportionate weight
can be explained through the lens of active learning and interaction-based theories of learning (e.g., Bond
etal., 2020), which posit that behavioral and cognitive investment in the learning process is a more proxi-
mal determinant of perceived instructional value than the availability of resources or infrastructure per se;
institutional support and digital competence appear to function as enabling conditions, whereas engage-
ment operates as the mechanism through which these conditions translate into perceived value. This is
consistent with research in STEM education showing that engagement is strengthened when digital tools
are interactive, accessible, and support communication and independent learning (Le et al., 2022; Zakrze-
wski and Newton, 2022). The pattern of results further suggests that student engagement may operate as
a mediating mechanism between technological resources and students’ evaluations of teaching; however,
as a formal mediation analysis (e.g., structural equation modelling) was beyond the scope of this study,
this interpretation should be treated as tentative and represents a valuable direction for future research.

Furthermore, institutional support exhibited a significant positive correlation with perceived peda-
gogical value. This aligns with previous research highlighting the importance of infrastructure, reliable in-
ternet access, easily available materials, and clear guidance (Huong et al., 2025). When these conditions
are met, even basic digital tools can be used effectively, reducing obstacles for students and encouraging
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positive attitudes. Furthermore, systematic reviews of STEM education show that institutional challenges,
such as insufficient curriculum support, limited opportunities for peer collaboration, and inadequate pro-
fessional development, significantly hinder the use of digital technologies in education (Margot and Ket-
tler, 2019). These broader findings are reflected in the relatively infrequent use of advanced digital tools
seen in the current sample.

The consolidated research findings address the research objective by indicating that the perceived
pedagogical value of digital technologies in engineering higher education is determined less by their mere
availability and use, and more by the extent to which their application fosters student engagement, support-
ed by institutional backing and students’ competencies. Therefore, these findings extend technology-based
engagement learning models by demonstrating that teachers’ digital competence and institutional support
function as enabling conditions rather than direct determinants of perceived pedagogical value. From a
practical perspective, the findings suggest that institutional investments focused solely on improving teach-
ers’ digital skills or technological infrastructure are unlikely to enhance perceived pedagogical value unless
they are accompanied by pedagogical strategies that actively promote student interaction and participation.

This study, while contributing to the field, has some limitations that should be considered in relation
to the results. As the study employed a cross-sectional design, the regression models identify predictive
contributions rather than causal effects; therefore, the term ‘influence’ should be understood in a predic-
tive, not causal, sense. The study’s conclusions are based on self-reported assessments of digital skills
and participation. These assessments are subject to personal biases and individual differences in how
people respond. Future studies could improve survey methods by including objective measures of digi-
tal learning behaviors. These could involve learning analytics, performance data, or direct observations
of classroom interactions. This methodological triangulation would contribute to a more comprehensive
understanding of the fundamental processes that shape technology-enhanced learning environments.

The present study was undertaken within a single institution, concentrating on first-year students
enrolled in STEM programs within a single faculty in Serbia. This specific focus provides valuable per-
spectives on initial academic interactions with digital technology; however, it may limit the generalizability
of the results to other academic fields, educational structures, or higher levels of study. Comparative stud-
ies across multiple institutions could clarify the influence of organizational culture, curriculum design, and
national digitization initiatives on students’ perceptions of digital pedagogical approaches.

Several further limitations concern the instrument. First, teachers’ digital competence was assessed
with only two items capturing observable use of digital tools and platforms; factors defined by fewer than
three indicators are weakly determined (Fabrigar et al., 1999; Velicer and Fava, 1998), and the measure
covers only part of the DigCompEdu construct. Its non-significant direct contribution in the regression model
should therefore not be read as evidence that teachers’ digital competence is unimportant, as the estimate
is likely attenuated by measurement error and by the limited content coverage of the measure. Confirmatory
factor analysis on an independent sample, with an expanded item pool for the teachers’ digital competence
dimension, is a necessary next step. The second factor identified in the first instrument segment was also
modest in magnitude (initial eigenvalue = 1.00, accounting for 20.20% of the variance after rotation), and
the scree plot indicates a pronounced break after the first factor. Its stability should therefore be confirmed
on an independent sample. Third, in the second instrument segment one item was removed on the basis
of internal-consistency criteria, an exploratory procedure that may capitalise on sample-specific variation.

Future research should explore the qualitative aspects of student engagement in digitally enhanced
STEM learning environments. A thorough examination of how digital resources support complex thinking
and collaborative knowledge creation could help us better understand the conditions that allow digital
technologies to create impactful and transformative learning experiences.

Conclusion

This study set out to examine first-year engineering students’ perceptions of digital technologies
(DT) and to identify the factors that shape the perceived pedagogical value of DT in teaching at a techni-
cal faculty. In direct response to this objective, the study yields a clear main finding: student engagement
is the decisive determinant of perceived pedagogical value, accounting for the largest share of explained
variance (B = 0.524; model R? = 0.337), whereas teachers’ digital competence and the level of exposure to
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digital tools are not significant predictors once engagement is taken into account. Students’ self-assessed
digital competencies and institutional support make smaller but significant additional contributions. Thus,
the perceived value of digital technologies at the technical faculty depends primarily on the degree to
which technology-supported teaching actively involves students, rather than on the availability of tools or
teachers’ technical proficiency as such. At the same time, although students generally held positive views
of DT and of their teachers’ digital skills, their actual use of advanced digital tools remained limited, reveal-
ing a gap between the pedagogical potential of technology and its realised use in practice.

The significance of student engagement underscores the imperative for instructional strategies that
foster active involvement, interactive experiences, and the purposeful utilization of digital tools. Moreo-
ver, the substantial impact of institutional support underscores the requirement for a strong technical
infrastructure, readily available digital resources, and structured guidance elements proven essential for
effective technology enhanced instruction.

At the same time, the limited use of digital technologies and the differences seen across various
study programs align with known institutional and structural challenges. These challenges hinder educa-
tors’ ability to consistently integrate advanced technologies. These findings highlight the importance of
collaborative efforts within institutions that should integrate curriculum development, and strategic invest-
ments in digital infrastructure. This is crucial to ensure that technology integration is both pedagogically
sound and consistently applied.

This study essentially adds to the existing knowledge by showing that the perceived value of digital
technologies in education goes beyond just the teacher’s skills or how easy the tools are to use. Instead, it's
a complex idea influenced by factors related to students, teachers, and the institution. Subsequent investiga-
tions should build upon these findings by exploring how specific pedagogical designs affect engagement,
how digital competence develops over time, and how discipline specific digital practices may explain the
observed disparities among study programs. Consequently, by addressing these dimensions, institutions can
more effectively utilize digital technologies to foster high quality learning experiences within STEM education.
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Abstract: The aim of this study was to examine the perceptions of the teaching profession, satisfaction with the choice
of a study programme, and desirable work values in students in their final years of various areas of teacher education stud-
ies. The study participants were 443 students in their final year of teacher education studies in the Republic of Croatia. The
participants filled out the questionnaires designed to examine their intentions of finding a job in their professional field, their
satisfaction with the chosen study programme, the perception of the support received from their surroundings, their satisfaction
with a study programme, and the perception of the teaching profession and desirable work values. The findings have shown
that students tend to rank highly expert career and high demand of the teaching profession, while they give the lowest ranking
to the social status of teachers and their salary. Statistically significant differences were found in almost all of the examined
variables with regard to the area of study (interdisciplinary, humanistic, STEM, social). The perceptions of students who intend
to find employment in schools are statistically different in comparison with those of students who do not intend to or who are not
sure whether they would work in schools, with regard to their satisfaction with the chosen study programme and studies, and
their perceptions of the important work values. The logistic regression analysis results indicate that satisfaction with the chosen
study programme is the most important factor contributing to students’ intentions to find employment in school. The findings
highlight the importance of strengthening professional orientation and providing support to students during their studies, while
future research should further examine the factors underlying satisfaction with the choice of a study programme.

Keywords: intention of performing work, perceptions of the teaching profession, satisfaction with the choice of a study
programme and studies, teacher shortages, the importance of work.

Introduction

Avast body of research confirms that teachers are the most important factor associated with school
that has an impact on student learning and academic success (Chetty et al., 2014). In spite of that,
throughout the last two decades, numerous education systems around the world have been facing short-
ages of qualified teachers in schools (Nguyen et al., 2020). Considering the current teacher short- ages
and teacher demand, it is estimated that by 2030, there will be a shortage of approximately 44 million
teachers in primary and secondary schools on the global level (UNESCO and International task force on
teachers for education 2030, 2024). This teacher shortage points to a need to understand thoroughly the
factors that influence teacher retention and their professional motivation.

In the available literature, teacher turnover has been analysed from two complementary dimen-
sions: teacher attrition and teacher migration. Teacher attrition includes leaving the teaching profession,
while teacher migration implies a change of school or workplace within the same school. Contrary to attri-
tion, teacher retention implies a decision to stay in the teaching profession, either performing the same job
in the same school or performing the same job in a different school (Gundlach et al., 2024). Though it may
seem that a change of school does not reduce the total number of in-service teachers, research reveals
negative consequences of such changes affecting both teachers and their colleagues (Hahs-Vaughn and
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Scherff, 2008; Ingersoll, 2001), while teacher attrition has a much more significant impact.

Teacher attrition as a result of teachers leaving their profession results in many consequences,
including the financial costs arising from their replacement and training of new teachers. These costs may
range from 10,000 to 20,000 dollars per teacher (Allen et al., 2016; DeFeo et al., 2017). Apart from the
teachers who have already gained work experience, more attention is paid to teacher education students
who do not plan to work in schools upon completion of their studies. Elstad et al. (2021) define turnover
intention as a student’s intention to leave the teacher education studies or the teaching profession after
they have completed the studies. Research findings from Belgium indicate that only 69 — 95% of teachers
with a university degree decide to find employment in a primary school, 64 — 78% of them are willing to
start working in lower grades of secondary school, and only 21 — 46% plan to find a job in higher grades
of secondary school (Rots et al., 2014).

According to a report by the Organisation for Economic Co-operation and Development (OECD,
2019), teacher shortage and lower teacher education studies enrolment rates are among the greatest chal-
lenges education systems are facing on the global level. In order to solve this problem, the researchers
point to a need to examine the motives which affect one’s decision to enrol in teacher education studies
(Gonzélez Sanzana et al., 2024). Goller et al. (2019) claim that motivation for choosing the teaching pro-
fession is a predictor of the teacher education students’ success, as their motivation has a significant influ-
ence on their engagement in the studies (Kissau et al., 2019), commitment to their profession (Fokkens-
Bruinsma and Canrinus, 2014), and persistence in the teaching career (McLean et al., 2019). Therefore, it
can be concluded that motivated teachers are a key factor influencing the quality of any education system.

In the Republic of Croatia, no comprehensive research on the shortage of qualified educators has
not been published, although some studies indicate a shortage of educators and a decreased interest in
enrolling into teacher education studies. Domovi¢ and Drvodeli¢ (2025) emphasize the continuing short-
age of all subject teacher profiles (Grades 5 — 8 in primary school), especially in the STEM area. Previ-
ously conducted studies were mostly focused on examining the work of novice teachers and/or teachers
with longer work experience. However, there is still a lack of studies focusing on the analysis of teacher
education students’ perceptions. Therefore, with the aim of filling the research gap, this study will focus on
examining the perceptions of teacher education students in various areas of study and analysis results.
It will facilitate a deeper understanding of the choice of a study programme, satisfaction with the chosen
study programme, the perceptions about the teaching profession and desirable characteristics of the
future profession, which will create important implications for potential future actions.

Theoretical framework

The choice of a study programme

In order to comprehend the motives for choosing the teaching profession, the literature frequently
presents the FIT (Factors Influencing Teaching)-Choice model developed by Watt and Richardson (2007).
This model was used in the study as a conceptual framework and it encompasses multiple dimensions.
For the purposes of this study, various scales were used to assess the choice of a study programme (So-
cial dissuasion, Satisfaction with the choice of a study programme) and the perceptions of the teaching
profession (Social status, Salary, Expert career, High demand). Fokkens-Bruinsma and Canrinus (2012)
point out that there are other motives for choosing the teaching profession mentioned in the literature,
such as material aspects (job stability), professional aspects (interest in a certain scientific area or school
subject), and altruistic aspects (love and responsibility for improving the well-being of children and young
people). The decision to choose the teaching profession can also be made under the influence of people
from the immediate social environment who may offer support and encourage a person to enrol into
teacher education studies (Richardson and Watt, 2006).

Satisfaction with a study programme

Providing students with quality study programmes and additional services is crucial for the survival
of higher education institutions in an environment which has become increasingly competitive (Lapina
et al., 2016; Paul and Pradhan, 2019). Student satisfaction is positively related to motivation, academic
achievement and student retention at the faculty (Duque, 2014; Mihanovic et al., 2016; Nastasic et al.,
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2019). It also has a positive impact on the rating of educational institutions and student achievement. A
majority of scientists perceive student satisfaction as a multidimensional construct (Duque, 2014; Wach
et al., 2016; Wong and Chapman, 2023). Wong and Chapman (2023) list eight aspects of student satis-
faction which they classified into three categories: academic (satisfaction with the study programme and
the teaching process), institutional (satisfaction with the educational institution, the learning space and
equipment at the university, and the support offered), and student life at university (satisfaction with their
own learning process, the overall university experience and overall student life at university). Other impor-
tant elements of student satisfaction mentioned in the literature are: university climate, student-oriented
teaching, empathy, teacher competencies, curriculum, student-student interaction, student-teacher rap-
port, group size, lectures held according to the schedule, and the availability of the teaching materials
(Douglas et al., 2006; Elliot and Healy, 2001; Wong and Chapman, 2023).

The perception of the teaching profession

Young people shape the professional identity of a future teacher even before they embark on their
academic career. The initial professional identity is influenced not only by personal factors but also by a
broader social context observed by a young person, such as how much the teaching profession is ap-
preciated in the society or what attitudes people important to them (parents, peers) have regarding the
teaching profession (Torres-Cladera et al., 2021). Before opting for the teaching profession, young people
have gained an extensive experience of the teaching profession as students. It also includes their interest
in the courses, academic achievement, peer interactions and interactions with their teachers, as well as
their overall impression of school. Social dissuasion and personal experience may either encourage or
discourage them to choose the teaching profession (Bergmark et al., 2018).

Motivation for teaching is crucial when choosing the teaching career, both during the course of
teacher education studies and later on in the teaching career itself (Sinclair, 2008). Intrinsic and altruistic
motivation are dominant when choosing the teaching profession (Tang et al., 2015). However, Sinclair
(2008) points out that intrinsic motivation and enthusiasm may subside over time, as teachers are over-
whelmed with work and are not provided with the necessary support in their working environment, result-
ing in teacher attrition (Kim and Cho, 2014).

Desirable work values

Numerous concepts are being studied with regard to the workplace context, including work values.
Analysing the relevant scientific literature, Lyons et al. (2010) describe work values as general beliefs
about the relative desirability of various aspects of work (e.g., working conditions, salary, autonomy) and
work-related outcomes (e.g., achievement, prestige). Work values may be considered as internal expres-
sions of various needs or outcomes which individuals are trying to meet or achieve with their work, includ-
ing intellectual, social, and status needs, needs for respect and self-realization. Work values indicate what
each individual finds important in their work (Kuron, 2015). They organize work values in hierarchical or-
der, according to their importance, and use the set hierarchy as a reference point when making decisions
related to work and career (Lyons, 2010). There are also numerous classifications and approaches to
measuring workplace values, but in general, they can be classified into the following categories: intrinsic,
extrinsic, altruistic, and prestigious workplace values (Lyons and Kuron, 2014) and this study measures
work values across these established dimensions.

The aim and problems of the study

The aim of the study was to examine the perceptions of the teaching profession, satisfaction with
the choice of a study programme and the study programme itself, and desirable work values of students
in their final year of teacher education studies; to determine if the above-mentioned characteristics with
regard to the area of study and intentions to enter the teaching profession upon completing the studies
differ, and to examine to what extent the mentioned factors predict the students’ intention to enter the
teaching profession upon completing their studies.

In line with the aim of the study, the following questions were posed:

1. Are there differences in the perceptions of the teaching profession, satisfaction with the study pro-
gramme and desirable work values with regard to the field of study?
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2. Are there differences in the perceptions of the teaching profession, satisfaction with the choice of the
study programme, satisfaction with the study programme itself, and the desirable work values with
regard to the intention of finding employment in school upon completing the studies?

3. Which factors (perception of the teaching profession, satisfaction with the choice of the study pro-
gramme, satisfaction with the study programme itself, and desirable work values) account for the
explanation of the intention to find employment in school upon completing the studies?

Methods

Participants and procedure

A total of 443 students in their final year of teacher education studies in the Republic of Croatia
participated in the study. Potential outliers were identified based on absolute z-scores = 3.29, resulting in
the exclusion of nine participants. The removal of these participants did not alter the main findings of the
study. The final sample consisted of 434 participants, of whom 365 (84.1%) were female and 69 (15.9%)
were male. The average age of the participants is 23 years (M = 23.05; SD =1.35). As in a majority of
teacher education studies it takes five years to earn a master’s degree ina partlcular field, the participants
in this study were only students in their fourth of fifth year of study. The sample comprised 274 (63.1%)
students in their fourth year of integrated graduate studies or in their first year of graduate studies, and
160 (36.9%) students in their fifth year of integrated studies or in their second year of graduate studies.
The greatest number of participants, 57.8% (n = 251), are involved in interdisciplinary studies, 13.6% (n =
59) in humanities, 13.6% (n =59) STEM, and 15% (n = 65) in social studies. Most participants (77.4%; n =
336) enrolled into the faculty which was their primary choice, while 22.6% (n = 98) study at a teacher edu-
cation faculty which was not their first choice. In Croatia, senior students in secondary school make a list
of 10 study programmes according to their personal preferences, while the actual faculty enrolment de-
pends on their results in the school-leaving exams, and, at some faculties, on additional entrance exams.

The study was conducted via an online questionnaire, during the regular teaching period at facul-
ties. A QR code containing the link to an online questionnaire was sent to professors at teacher education
faculties, and they distributed it to students during regular classes. Participation was voluntary and anony-
mous, in line with the research code and approved by the Ethics Committee of the Faculty of Teacher
Education, University of Zagreb. Before filling out the questionnaire, the participants were informed that
they could withdraw from the study at any time. It took about 10 minutes to fill out the questionnaire.

Measuring instruments

Sociodemographic questions included were used to collect data about participants’ age, gender,
year of study, the faculty and area of study, as well as the city in which they study, and the academic title
they will earn upon graduation. In addition, the participants provided answers to two questions relating
to their choice of a study programme (When choosing your desired study programmes, was this study
programme your first choice?) and intention to work in their profession (Do you plan to find employment
in school when you graduate?). The possible answers were: yes, no, and not sure.

The choice of a study programme. In order to examine the perceptions of the choice of a study
programme, FIT-Choice Scale items were used (Watt and Richardson, 2007). The scale had already been
translated into Croatian (Jugovic et al., 2012) and two factors were extracted: Social dissuasion and Satis-
faction with choice. Each factor consists of three items (e.g., Did others influence you to consider careers
other than teaching?; How satisfied are you with your choice of becoming a teacher?). The participants
assessed their answers on a five-point Likert-type scale, points ranging from 1 - not at all to 5 — extremely.
Exploratory factor analysis was performed and, in line with the Kaiser-Guttman criterion, two factors were
extracted with eigenvalue greater than 1, explaining 68.78% of variance. The obtained factor structure is
in line with the original scale. The calculated internal reliability coefficients were a = .755 for the first factor,
and a = .765 for the second factor.

Satisfaction with a study programme. Satisfaction with a study was measured using seven items,
five of which were taken from the Student Satisfaction Questionnaire (Wong and Chapman, 2023) (e.g.,
How satisfied are you with your study programme?), while two items were added relating to overall satis-
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faction with a study programme and education (e.g., Do you consider that, upon completion of your stud-
ies, you will be fully qualified for independent work in school?). The participants used assessment ranging
from 1 — not at all to 5 — extremely. The performed exploratory factor analysis pointed to the single-factor
solution, explaining 52.03% of variance. The factor reliability coefficient is a = .830.

Perceptions of the teaching profession. 15 items taken from the FIT-Choice Scale (Watt and Rich-
ardson, 2007), that is, from its Croatian version (Jugovi¢ et al., 2012), were used to examine the percep-
tions of the teaching profession. The performed exploratory factor analysis extracted four factors: Social
status, Salary, Expert career, and High demand. The Social status factor consists of 5 questions (e.g., Do
you believe teaching is perceived as a high-status occupation?), the Salary factor consists of 3 questions
(e.g., Do you think teaching is well paid?), the Expert career factor consists of 4 questions (e.g., Do you
think teaching requires high levels of expert knowledge?), and the High demand factor consists of 3 ques-
tions (e.g., Do you think teachers have a heavy workload?). The participants assessed the questions on
a five-point scale, ranging from 1 — [ strongly disagree to 5 — | strongly agree. The four extracted factors
explained 67.49% of variance. However, a simple single-factor structure which would match the original
questionnaire was not obtained. Three questions had low factor saturation and were removed from the
analysis. The obtained reliability coefficients had the following values: a =.789; a = .883; a = 883; a = .612.
Since the obtained reliability coefficient a = .612 for the High demand factor was lower than the recom-
mended value of .70, the average inter-item correlation (AllC) was calculated additionally. The obtained
value .454 exceeds the normal recommended range, pointing to a high level of homogeneity among items.
As Cronbach’s alpha can underestimate reliability in shorter scales, and average AlIC is a more stable
internal consistency indicator, it was justified to retain and interpret this factor (Streiner et al., 2024).

Desirable work values. The Lyons Work Values Survey (LWVS; Lyons, 2003, 2010) was used to
examine the desirable work values. The survey contains 25 items which were translated into Croatian
language and adapted to Croatian context. The survey measures four dimensions of the desirable work
values: cognitive (includes characteristics such as diversity within the job, promotion prospects, a sense
of achievement); instrumental (suitable working hours, job security, benefits, etc.); altruistic (good col-
leagues, helping people, entertaining environment, etc.), and prestige (authority, prestigious job, influ-
ence, etc.). The participants assessed the importance of each individual future job characteristic on a
five-point scale, from 1 — not important at all to 5 — extremely important. The performed exploratory factor
analysis extracted four factors, in line with the original survey, explaining 55.26% of variance. The ob-
tained reliability coefficients had the following values: a = .859; a = .818; a = .797; a = .684. As reliability
value for the prestige factor was slightly lower, the average inter-item correlation (AlIC) was calculated
additionally, with value of .354, which points to a satisfactory item homogeneity and is a justification for
retaining and interpreting this factor (Streiner et al., 2024).

Results

The results of the descriptive analysis of all variables are presented in Table 1. Regarding the inten-
tion to find employment in school, 65.9% of participants reported that they planned to find employment in
school upon graduation, 9.4% did not plan to do so, while 24.7% were undecided. A full theoretical range
was achieved in almost all variables, which indicates that participants with low and high values of the
measured constructs were included in the sample. The social dissuasion dimension refers to a percep-
tion of being encouraged by one’s environment to choose teacher education studies and is normally as-
sessed as moderate, while satisfaction with a choice of a study programme and satisfaction with a study
programme itself are, on average, above the theoretical centre of the scale. In the perceptions of the
teaching profession, the lowest ranking was given to the social status and salary, while expert career and
high demand ranked highest. Among the desirable work values, those that were given the highest rank-
ing were the cognitive, altruistic, and instrumental dimensions, while the prestige dimension was given a
more moderate ranking. The skewness and kurtosis values of the continuous study variables were within
a range considered acceptable for the assumption of normality (Kline, 2011).
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Table 1. Descriptive statistics of the variables (N = 434)

Theoretical

Variable Observed range M SD Skewness Kurtosis
range

Social dissuasion 1-5 1.00-5.00 2.61 0.96 0.465 -0.247

Satisfaction with the choice of a

study programme 1-5 1.33-5.00 3.75 0.82 -0.561 -0.003

Satisfaction with a study pro-

gramme 1-5 1.29-5.00 3.18 0.62 -0.493 0.589

Perceptions of the teaching profession

social status 1-5 1.00 - 4.40 2.49 0.67 0.106 -0.208
salary 1-5 1.00-5.00 2.09 0.84 0.378 -0.445
expert career 1-5 2.67-5.00 442 048 -0.722 0.574
high demand 1-5 1.50 - 5.00 4.08 0.66 -0.514 0.349
Desirable work values
cognitive 1-5 1.38-5.00 4.33 0.54 -1.079 1.965
instrumental 1-5 1.71-4.29 3.95 0.40 -1.740 2.030
altruistic 1-5 1.71-5.00 423 0.56 -0.868 1.032
prestige 1-5 1.50 - 5.00 3.55 0.71 0.011 -0.349

In order to examine whether there are statistically significant differences in student perceptions with
regard to the area of study, the one-way analysis of variance (ANOVA) was conducted (Table 2). Given
the unequal group sizes, the assumption of homogeneity of variances was assessed using Levene’s test.
For the variables for which the assumption of homogeneity of variances was met, the standard one-way
ANOVA was conducted, whereas Welch’s ANOVA was used when this assumption was violated. For post-
hoc comparisons, Scheffé’s test was applied following the standard ANOVA, while the Games—Howell test
was used following Welch’s ANOVA. To control the Type | error rate associated with multiple comparisons,
the Bonferroni correction was applied. Thus, differences were considered statistically significant at p <
.0083 for an overall significance level of .05 and at p <.0017 for an overall significance level of .01.

The post-hoc analysis revealed statistically significant differences in encouragement to choose the
teaching profession, satisfaction with the choice of a study programme, and satisfaction with studies.
Students in the STEM area report the highest level of encouragement from their environment to choose
the teaching profession, while students in social studies report the lowest level. These two groups differed
significantly (Cohen’s d = 0.50), indicating a moderate effect size.

Students in the interdisciplinary studies seem to exhibit the highest level of satisfaction with the choice
of a study programme, and differed significantly from students in the humanities (Cohen’s d = 0.62), STEM
(Cohen’s d = 0.49) and social studies (Cohen’s d = 0.45), with moderate effect sizes. In student satisfaction
with the studies, a statistically significant difference was determined between the students in social studies
and students in interdisciplinary areas (Cohen’s d = 0.52), indicating a moderate effect size.

With regard to perceptions of the teaching profession, salary received the lowest overall rating.
Students in the interdisciplinary areas reported the lowest rating of salary, and differed significantly from
the students in humanities (Cohen’s d = 0.66) and social studies (Cohen’s d = 0.55). In addition, STEM
students differ significantly from students in social studies (Cohen’s d = 0.62). Although the perception of
teacher status received a relatively low rating overall, students in social studies reported a slightly higher
rating, than students in the STEM (Cohen’s d = 0.86), interdisciplinary (Cohen’s d = 0.81) and humani-
ties (Cohen’s d = 0.65) areas, with moderate to large effect sizes. When assessing the demands of the
teaching profession, students in social studies reported the lowest rating, and differed significantly from
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students in the interdisciplinary area (Cohen’s d = 0.87), the humanities (Cohen’s d = 0.76) and STEM
(Cohen’s d = 0.94). These differences corresponded to moderate to large effect sizes.

With regard to the desirable characteristics of the future profession, statistically significant overall
differences were found for cognitive, instrumental, altruistic and prestigious characteristics, however, the
overall effect sizes were small. For the cognitive characteristics and prestige, although the overall differ-
ences were statistically significant and associated with small effect sizes, the post-hoc analysis did not
reveal statistically significant differences between any individual areas of study following the Bonferroni
correction. Similarly, statistically significant overall differences with small effect sizes were found for in-
strumental characteristics (Welch's F(3, 125.857) = 3.744, p = .013) and altruistic characteristics (Welch'’s
F(3, 123.856) = 6.199, p = .001). However, the post-hoc analysis did not reveal statistically significant
differences between individual areas of study after applying the Bonferroni correction.

Table 2 . Differences in perceptions with regard to the area of study (N = 434)

Area of study

A B c D

N = 251 N =59 N =59 N =65 ANOVA F ,
Variable M S M SD M SD M SD F(3430) P weleh P L
Social dissuasion ~ 2.64 092 246 094 296 105 231 094 5455  001*  / / C-D 037
Satisfaction with the / / A-B
choiceofastudy ~ 393 079 341 086 351 090 360 065 10103  .001* cp 066
programme '
Satisfactionwitha 545 64 331 061 319 053 340 052 5438 00t || A-D o
study programme
Perceptions of the teaching profession
social status 241 065 250 065 237 067 291 060 132 oot ! DB‘é\' 073

/ /| A-B,D

salary 194 080 242 092 198 075 247 081 11.036 .001* - 071
expert career 441 049 444 042 451 050 435 049 1324 266 / / - 009
highdemand 417 063 410 064 419 056 359 071 15327 oot~ | ! DB‘é\' 097
Desirable work values
cognitive 442 051 424 053 423 051 418 063 6091 001 / / - 035
instrumental 400 035 397 034 38 040 378 057 / | 3744 013 - 038
altruistic 433 049 410 062 411 055 405 069 / [ 6199 .001* - 045
prestige 365 071 333 064 331 071 357 071 5731 001 / / - 038

Note: * p<.05; ** p<.01
Group A — interdisciplinary area of study; B — humanistic area; C — STEM; D — social studies area

The following research task was to examine whether there were differences in the examined vari-
ables with regard to students’ intentions to find employment in schools. Given the unequal group sizes,
the assumption of homogeneity of variances was assessed using Levene’s test. For the variables for
which the assumption of homogeneity of variances was met, the standard one-way ANOVA was conduct-
ed, whereas Welch’s ANOVA was used when this assumption was violated. For post-hoc comparisons,
Scheffé’s test was applied following the standard ANOVA, while the Games—Howell test was used fol-
lowing Welch’s ANOVA. The analyses revealed statistically significant differences between the observed
groups with regard to satisfaction with the chosen study programme, satisfaction with studies and in the
assessment of the importance of individual desirable characteristics of future profession (Table 3).
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Table 3. Differences in perceptions with regard to intentions to find employment in school (N = 434)

Employment intention

A B C
N =286 N=41 N=107 F
, p  FWelch p n?
Variable M SO M SD M SD (2431) P
Social dissuasion 263 096 273 098 251 094 0987 .374 / / - .005

Satisfaction with the choice

of a study programme 410 0.62 247 077 332 062 / [ 125787 .001** A-B,C 412

Satisfactionwithastudy 595 o565 287 079 312 064 |/ | 5461 006* A-B 035
programme

Perceptions of the teaching profession

social status 249 066 249 072 248 067 0014 986 | / - .000
salary 210 082 198 088 212 088 0448 639 | / - 002
expert career 445 046 434 061 434 048 2640 073 / - 012
high demand 411 062 402 084 401 070 [ | 916 404 - 005
Desirable work values

cognitive 440 049 434 051 416 062 8252 .001° | | A-C 037
instrumental 398 037 392 031 38 049 / | 3043 052 017
altruistic 360 070 355 077 340 072 3101 046 / 014
orestige 431 053 402 071 408 054 9743 001* | ;oA

Note: * p < .05; ** p < .01
Group /I\) - studentg who intend to find employment in school upon graduation; Group B — students who do not intend to find employment in
school upon graduation; Group C — students who have not yet made a decision whether to find employment in school or not.

Statistically significant differences were found in the perceptions of satisfaction with the chosen
study programme (Welch’s F(2, 96.895) = 125.787, p < .001). Students who intend to find employment in
schools upon completing their studies are more satisfied with their choice of the study programme than
students who did not have such intentions (Cohen’s d = 2.33) and those who were undecided (Cohen’s d
=1.26), indicating very large effect sizes. Statistically significant differences were found in the perceptions
of satisfaction with studies (Welch’s F(2, 93.426) = 5.461, p = .006). Students who intend to find employ-
ment in schools upon completing their studies are more satisfied with their studies than students who do
not intend to find employment in schools (Cohen’s d = 0.56), indicating a moderate effect size. Students
who intend to find employment in school differed statistically significantly from undecided students in their
assessment of the importance of desirable characteristics of their future profession (Cohen’s d = 0.44),
indicating a small effect size. Regarding the importance of prestige, students who intend to find employ-
ment in school differed statistically significantly from those who do not have such intentions (Cohen’s d =
0.46) and those who are undecided (Cohen’s d = 0.42), whereby small effect sizes were determined as
well. No statistically significant differences were found for the remaining examined variables between the
observed groups according to the applied criterion of statistical significance.

The following research task was to determine the extent to which the examined variables contribute
to students’ intentions to find employment in school. The multinomial logistic regression was employed
for data analysis (Table 4), as the criterion variable comprised three categories. The “yes” category was
used as the reference category, and the model estimated the likelihood of being in the “no” and “unde-
cided” categories relative to the “yes” category. The regression model was statistically significant, x*(26)
= 245.52; p < 0.01. Goodness-of-fit tests indicate a satisfactory fit of the model to the data. Neither the
Likelihood Ratio Test, x%(840) = 864.10; p > 0.05, nor Pearson’s test, x*(840) = 486.16; p > 0.05 were
statistically significant. To assess the goodness of fit of the multinomial logistic regression model, three
standard pseudo-R?measures were examined: the Cox and Snell, Nagelkerke’s and McFadden’s R% The
Cox and Snell R? was .432, Nagelkerke’s R? was .530, and McFadden’s .336, indicating a satisfactory
model fit and an improvement over the intercept-only model. The Likelihood Ratio Tests showed that only
satisfaction with the choice of a study programme (x> = 182.49, p <.001) and cognitive work values (x* =
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6.93, p = .031) made statistically significant contributions to the model. None of the remaining predictors
significantly improved model fit (all p > .05). The model correctly classified 74.0% of the cases overall.
Classification accuracy was highest for students intending to work in schools (91.3%), followed by those
not intending to work in schools (61.0%), whereas prediction accuracy was considerably lower for unde-
cided students (32.7%). Multicollinearity diagnostics indicated no evidence of problematic multicollinearity
among the predictors. Tolerance values ranged from .540 to .913, while Variance Inflation Factor (VIF)
values ranged from 1.095 to 1.853.

Table 4. Results of multinomial logistic regression predicting employment intention

no vs. yes undecided vs. yes

Variable Exp(B) 95% CI p Exp(B) 95% ClI p

gender 0.27 0.09-0.86 .026 0.66 0.33-1.31 235
first choice 0.75 0.25-2.26 612 1.09 0.58 -2.07 179
Social dissuasion 1.16 0.70-1.92 568 0.85 0.64-1.13 272
sg;mgg with the choice of astudy g1 o1-003 001" 013 008-022  .001*
Sr?gsl{:‘;tfa’}lt"; thastudy programme 434 05g_313 493 126 075-209 381
Salary 1.28 0.69-2.40 432 1.13 0.79-1.61 494
High demand 0.66 0.32-1.37 267 0.88 0.56 - 1.38 587
Status 2.28 1.01-5.17 047 1.13 0.81-2.11 264
Expert career 1.55 0.55-4.38 412 1.16 0.60-2.23 .666
Cognitive work values 4.07 0.86-19.13 .076 0.72 0.30-1.76 477
Instrumental work values 1.09 0.20-5.77 921 1.29 0.53-3.16 570
Altruistic work values 0.73 0.25-2.17 473 1.04 0.52-2.11 .902
Prestige 0.43 0.18-1.04 .062 0.69 042-1.14 153

Note. The reference category for the criterion variable was “yes”. OR = odds ratio; Cl = confidence interval.

Estimates of the individual parameters are presented in Table 4. For the “no” category, relative to the
‘yes” reference category, satisfaction with the choice of a study programme was statistically significantly as-
sociated with students’ intentions of finding employment in school. An odds ratio (OR) below 1 indicates that
higher satisfaction with the choice of a study programme was associated with a lower likelihood of being in
the “no” category relative to the “yes” category. In this comparison, gender and perceived status of the teach-
ing profession were also statistically significant predictors. For the “undecided” category relative to the “yes’
reference category, satisfaction with the choice of a study programme was likewise statistically significantly
associated with the students’ intentions of finding employment in school. As satisfaction with the choice of
a study programme increases, the likelihood of being in the “undecided” category decreased relative to the
‘yes” category. None of the other individual predictors reached statistical significance in this comparison.

Overall, the multinomial logistic regression results indicate that satisfaction with the choice of a
study programme was the most consistent predictor of students’ intentions of finding employment in
school. A higher level of satisfaction with the choice of a study programme was associated with lower
likelihood of indecisiveness or the intention not to find employment in school in reference to employment
intentions. Gender and perceived status of the teaching profession were statistically significant only in the
comparison between the “no” and “yes” categories, whereas the other examined predictors did not make
statistically significant contributions to these comparisons.

Discussions

This research provides an insight into perceptions of various dimensions of the teaching profession
in students. Students assessed lowest the salary and social status dimensions of the teaching profession.
This is not surprising, as many researchers have pointed to low perceptions of the teaching profession
with regard to their salary and social status in a majority of countries (e.g., Lehtinen et al., 2025; Watt and
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Richardson, 2012), which eventually results in a low status of this profession on a global scale (la Velle,
2019). Although there have been efforts to acknowledge teaching as a profession and to assign it a high
social status, it still largely remains a semi-professional occupation (Hargreaves and Flutter, 2019). Fur-
thermore, a relatively low assessment of the social dissuasion factor indicates that participants were not
influenced to a great extent by other people in their environment to consider choosing a different career
instead of the teaching career. It can be assumed that they had autonomy when they were choosing their
future profession. The findings obtained in other studies indicate that the choice of the future profession
is significantly influenced by the relationships with peers and parents (Owusu et al., 2021; Suryani and
George, 2021). Contrary to that, a high assessment of the perception of the expert career dimension
reveals that students frequently associate the teaching profession with a high level of expert and content
knowledge, as well as with a wide range of professional skills, mostly those relating to teaching, dem-
onstration, and communication. A similar pattern was detected by Puklek Levpu$&ek and Depolli Steiner
(2024), whose findings show that students in Slovenia give a high ranking to the teachers’ expertise, but a
lower ranking to their social status and the material component of the teaching profession, which reflects
imbalance between the demands and reward in the teaching profession.

Within this first research question, we analysed the differences in the perceptions of the teaching
profession, satisfaction with a study programme and desirable work values with regard to the area of
study. The obtained findings point to several patterns which enable a deeper understanding of student
attitudes to the teaching profession. It has been shown that there are no significant differences in the per-
ceptions of the expert career between students in different areas of study, which suggests that expertise
is considered a universal and an unquestionable value. In addition, differences were detected neither in
the perceptions of the cognitive dimension of the desirable future job nor in the importance of prestige in
the future job. It is interesting to note that students in the STEM area believe that they were encouraged
to choose the teacher education studies the most, in which they differ from students in the social studies
area. Such result is indicative because in Croatia, as in other parts of the world, students are less likely
to opt for teacher education studies within the STEM area, which eventually results in a lack of qualified
teachers in schools (Domovi¢ i Drvodeli¢, 2025). As for the students in the disciplinary studies, who are
primary teacher education students, they seem to be most satisfied with the choice of a study programme
and significantly differ from students in humanities, social and STEM areas. The reason for that is that
primary education teachers’ employment prospects are relatively limited to primary school. Students are
aware of this fact, and those who enrol in the primary teacher education studies already know what their
future job will be, unlike students in other areas of study who have more employment prospects upon
completing their studies. At the same time, students in interdisciplinary studies are least satisfied with
their study programme. Gibson (2010) points out that the most powerful factors which affect student
perceptions of the overall satisfaction with a study programme are: the quality of teaching, the skills and
knowledge gained, and the curriculum. There are also many non-academic factors, such as students’
feeling of belonging and the perception of responsibility and care of the educational institution for its
students. Wong and Chapman (2023) found that informal interaction between students is significantly as-
sociated with satisfaction in all of the three examined aspects — academic, institutional, and student life at
university. Since numerous factors can have an impact on the satisfaction with a study, it is necessary to
carry out more research in order to identify the reason for such assessment. Regarding the desirable work
values, students in interdisciplinary studies give the highest ranking to all dimensions, including prestige.
This indicates that they are developing a clear and positive professional image of the teaching profession
and that they are aware of the high demands and social status of their future job, which can reflect their
previous professional orientation and focus on the future employment in primary school.

Within the second research question, we examined the differences in the perceptions of the teach-
ing career, satisfaction with the choice of a study programme, satisfaction with the study programme,
and desirable work values, with regard to the intention to find employment in school upon completing the
studies. About two-thirds of participants intend to find employment in school, but one-third of students,
although they have enrolled into teacher education studies, either do not intend to or are not sure if they
would find employment in school. The obtained findings indicate that the intention to find employment in
school is an important differentiating factor in perceiving the study programme and the teaching profes-
sion. The students who intend to work in school upon completing their studies show a higher level of
satisfaction with their choice of a study programme and overall study experience, and have a more posi-
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tive perception of the cognitive demands and social status. It should be pointed out that the intention of
finding employment in school is most profoundly influenced by the choice of a study programme, which
has been expected, as these students’ professional aspirations relating to the study programme and
future employment coincide. Such results suggest that positive professional orientation during the course
of study contributes to a higher sense of purpose and value of the chosen educational path. Similar pat-
terns have been noticed in international research. For example, Roness and Smith (2009) claim that a
significant number of students in teacher education studies in Norway express insecurity about entering
the teaching profession, which proves that professional decision about entering the teaching profession
is not always stable or simple. An integrative literature review conducted by Thomas Dotta et al. (2025)
shows that the teaching profession is still appealing to candidates motivated by intrinsic reasons and
social usefulness, but that external factors such as low salary, demanding working conditions and limited
promotion prospects are huge obstacles. In addition, Wang et al. (2022) found that teacher education
students in Scotland often exhibit ambivalent attitudes to choosing the teaching career, acknowledging on
the one hand professional fulfilment and social value of the profession, and emphasizing the negative as-
pects associated with workload, stress, salary, and social status on the other. In line with that, the findings
of this study can be interpreted in a broader context of global trends which point to a complex relationship
between professional ideals and real working conditions in the teaching profession.

With regard to the third research question, we tried to determine the factors important for explain-
ing the intention to find employment in school upon completing the studies. Although satisfaction with the
choice of a study programme and cognitive work values significantly contribute to the logistic regression
model, the obtained results indicate that the satisfaction with the choice of a study programme variable is
the only variable statistically significantly associated with the intention of finding employment in the teach-
ing profession. The cognitive work characteristics relating to professional growth, goal achievement and
overcoming intellectual challenges are important for all three groups of participants (those who intend to
find employment in school, the undecided participants, and those who do not intend to work in school),
but are not critical. In other words, the students who are satisfied with choosing teacher education studies
are more likely to plan to find employment in school. This finding confirms the importance of early satis-
faction with the chosen profession and identification with the chosen study programme as key factors in
the process of shaping professional intentions. A positive experience throughout the study may increase
the inclination to the teaching profession, while dissatisfaction or doubts regarding the choice of a study
may result in a lower level of interest for continuing the teaching career. Contrary to the expectations, the
perceptions of salary, social status, high demands of working in school or the prestige related to the teach-
ing profession have not proved to be significant for the intention to find employment in school. This finding
suggests that the decision to stay in the profession does not solely depend on the external or material
factors but also on intrinsic motivation and satisfaction with one’s professional choice.

In brief, we identified various dimensions of choice and employment in the teaching profession which
Croatian teacher education students perceive as significant, depending on the area of study and their intentions
of finding employment in school upon graduating from university. Unlike numerous other studies emphasizing
the importance of social, material or individual factors for finding employment in the teaching profession (e.g.,
Diindar, 2014; OECD, 2018; Pavin Ivanec, 2020; Sutcher et al., 2019), this study has shown that the choice of
a study programme is of crucial importance for the intention of finding employment in school. Research on moti-
vation for teaching is frequently focused only on the individuals who have already decided to enter the teaching
profession (See et al., 2022). The current findings contribute to the literature by suggesting that research should
encompass the population of high school students who have not yet made such a decision.

Conclusions

A high social status associated with the teaching profession is of key importance for the entire society.
Lately, more and more attention has been paid to teacher shortage at all levels of education, both in Croatia
and around the world. However, most research has been focused on the teachers who found job in the teach-
ing profession and on their plans to stay in or leave school, or on the teachers who abandoned the teaching
profession and the reasons leading to such a decision. Since the trend to give up the intention of finding em-
ployment in the teaching profession has been noted in teacher education students, the aim of this study was
to examine the perceptions of the teaching profession, satisfaction with the choice of a study programme,
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satisfaction with a study programme, and desirable work values in students in their final year of study.

The findings indicate that there are differences in a majority of the examined variables with regard
to the area of study, which is important to take into consideration when designing educational policies
and strategies for attracting student teachers. It has been specially pointed out that satisfaction with the
choice of a study programme is crucial for the intention to find employment in the teaching profession.
This finding suggests the importance of strengthening professional orientation and providing support to
students during their studies in order to help them identify with the teaching profession. Future research
should be focused on a more thorough examination of satisfaction with the choice of a study programme
construct, which could be multidimensional and associated with a range of personal and contextual fac-
tors. In order to prevent teacher shortage, which is already present in Croatia, primarily in the STEM area,
it is necessary to act systematically and meaningfully at the national level to increase interest in enrolling
into teacher education faculties.

However, the study has certain limitations. Although students from all Croatian universities partici-
pated in the study, the sample is not representative, so the generalization of the findings should be done
with caution. A cross-sectional study design does not facilitate drawing conclusions on causal relationships
nor monitoring the changes in the employment intentions throughout a certain time period. Secondly, the
research was based on the data collected based on self-assessment, which may have involved certain bias
in the answers provided by the participants. Thirdly, the gender structure was unequal, as female students
made up a majority of the sample, which may limit the possibility of generalizing the results. Finally, the
expressed intention of finding employment in school does not have to necessarily result in the actual deci-
sions on employment upon completing the studies. Future longitudinal research might therefore examine if
the employment intentions change over time and to what extent they reflect the actual professional choices.

Despite the limitations, the findings of this study contribute to a better understanding of the stu-
dent teachers’ perceptions of professional and career perspectives and can be taken as a basis for shap-
ing the measures which would encourage greater interest for the teaching profession and contribute to
its better social status. The obtained results enable practical insights which may be considered a starting
point in designing a systematic, comprehensive and long-term solution at the national level which would,
taking into account the quality and the status of the teaching profession, include creating high-quality
teacher education study programmes and a policy for attracting, employing and retaining teachers in the
teaching profession.
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Abstract: In this qualitative study, | analysed the magnitude of cognitive overload among professors employed in Indian
state-run universities and its impairment of their academic performance. The research was conducted in the Indian higher
education framework, where the ever-increasing cognitive overload has significantly impacted academic performance and role
expectations of professors. This qualitative study examines the causes of cognitive overload among professors at state-run
universities, as well as its impact on their academic performance. This study offers a clearer understanding aimed at establish-
ing cognitive overload as an obstacle to work efficiency within the Indian micro-environment. Semi-structured interviews were
conducted with 40 assistant professors, associate professors and professors working at 20 state-run universities in India. The
collected data were then examined thematically. Seven interrelated themes surfaced: (1) Task switching and interruptions -
continuous juggling between tasks; (2) Pedagogical impact - effects on teaching quality; (3) cognitive symptoms - difficulty in
thinking and understanding; (4) Social symptoms - difficulty in interaction and collaboration; (5) Behavioural manifestations
- altering behavioural patterns; (6) Physical and emotional toll - complete physical and mental exhaustion and (7) Coping
and support - dealing with the problem and assistance. These themes were persistently mirrored across participants, indicat-
ing robust data saturation. The study provides insights on the challenges faced by professors in managing their job-related
responsibilities in the context of rising cognitive load arising from the administrative setup of Indian universities. The study
reveals the impact of cognitive overload on the effectiveness of academic and research performance of Indian professors.

Keywords: Cognitive Overload, Academic Performance, State-run Universities, Task Switching, Pedagogical Impact, Cognitive
and Social Symptoms, Behavioral Manifestations, Coping and Support.

Introduction

In recent decades, the demand for higher education in India has increased rapidly, especially from
groups that have traditionally been left behind or excluded from educational networks. This has put al-
ready tightened governments under enormous pressure to provide support to their endeavour of imparting
quality education to all (Bhatty et al., 2022). Higher education in India is principally administered by the
state-run education network, which is controlled by the government at the central, state, and local levels
(Robert, 2021). The current state of the teaching profession in state universities in India is experiencing
a profound contradiction. While new reforms are being implemented to bring transparency and improve
teacher welfare, the profession is facing a serious crisis due to the increasing reliance on contractual and
guest faculty (Takker and Ramchand, 2022).

Professors are the second most important human resources at universities after students, and the
quality of their teaching has an impact not only on the quality of their educational guidance services but
also on their career guidance. However, upon entering the teaching profession, new professors often find
that they lack the exposure, expertise, and ability to empathize with students. In some cases, they may
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not be able to adapt quickly to changes in their role expectations and be unable to meet the teaching and
mentoring needs (Narayanan et al., 2025). In a typical state-run university in India factors such as high
teaching loads, large class sizes, multiple modalities, diversity in student learning needs and curriculum
updates particularly after the implementation of NEP-2020 etc are giving rise to cognitive overload among
professors (Apat and Swain, 2023).

Cognitive overload is defined as a psychological condition that arises when the volume of infor-
mation or the number of concurrent tasks outpaces the capacity of a person’s working memory. In such
a state, our brain turns “saturated”, making it tough to productively process, understand or hold on to
new information (Krish, 2000; Jaeggi et al., 2007; Pace et al., 2021; Lahlou, 2025). Cognitive overload
relates to the openness of people to massive amount of information that has a comprehensive meaning.
More specifically, it can interfere with information processing and decision-making abilities (Bolisani et al.,
2018). Cognitive overload implies to a state of affairs in which the processing demands involved in a task
may surpass the processing capability of the cognitive system (Mayer and Moreno, 2003). Accordingly, it
reflects the inability of an individual to demonstrate problem-solving capability or make decisions due to
severe cognitive processing limitations. To study the impact of cognitive overload on professors is of great
importance as it relates to pertinent outcomes like job satisfaction, quality of student progression and
overall academic performance. It can sizeably affect the quality of life of professors alongside the teaching
quality and academic upliftment of the future workforce.

Cognitive overload has much to do with many of our intellectual problems. Professors today have
a multitude of tasks and responsibilities, so much so that multitasking has become a way of life. Informa-
tion is perpetually forced upon professors, and regardless of how much information is received, they feel
that more is needed, and of reasonable standard and distinctness. The universities need to help address
these issues. But the means and efforts remain deficient (Martini et al., 2019; Rodriguez, 2011). In a typi-
cal setting today, professors in universities have to perform multiple roles like that of a teacher, examiner,
researcher and administrator and mentor. A satisfactory performance of all these roles requires continual
overhauling of information processing on his end, thereby giving rise to cognitive overload (Garcia-Arroyo
and Segovia, 2019). The overall implication of cognitive overload on university professors is serious.
When the compulsions of teaching, research, publications, and administrative tasks intersect simultane-
ously, the brain’s information processing capacity begins to collapse. This makes it difficult to maintain
focus, reduces decision-making ability, and reduces creativity. As a result, professors face hardships in
attaining academic excellence, producing high-quality research papers and often fail when trying to apply
creative teaching pedagogies in their classrooms (Garcia-Arroyo and Segovia, 2019). Constant mental
fatigue increases stress, which reduces productivity in general and creates a profound sense of discon-
tent with academic endeavours.

In the current study the researcher has made an attempt to comprehend the implication of cogni-
tive overload on task related performance of professors teaching in various state-run universities across
northern India. The research has been carried out by conducting a qualitative study through focused
interviews of 40 assistant professors, associate professors and professors working across twenty state-
run universities. The target audience of participants are the professors who are actively employed as
permanent/regular teaching faculties in various academic streams like humanities, sciences, commerce,
management, engineering, medical science, linguistics, agricultural science, music and law and are also
discharging administrative assignments simultaneously at a state-run university in India. Therefore, there
are certain fundamental questions concerned with cognitive overload among professors which the re-
searcher thinks are worth considering:

1. How does regular task switching and interruptions affect the state of cognitive overload among
Indian professors?

2. How do Indian professors subjectively perceive and explain the manifestations of pedagogy, cogni-
tion, behaviour, emotions social relations on their cognitive overload?

3. What coping strategies do Indian professors use to manage cognitive overload for maintaining their
professional performance?

The answers to the above questions should enlighten social science researchers who prepare
surveys on cognitive overload of professors. Expanding the knowledge of cognitive overload can help
researchers build models by analysing trends collected. This will enable professors to develop more effec-
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tive strategies to optimize the performance for attaining professional distinction. This study investigates the
current state of cognitive overload among professors in India and its potential impact on academic perfor-
mance, thereby enhancing the standard of professional assignments delivered by the academicians. The
existing literature lacks empirical research on the level of cognitive overload among university professors. In
light of recent regulatory developments in India like National Educational Policy-2020 rollout, the viewpoint
of professors on cognitive overload requires further study to upgrade academic and overall professional
performance. Thus, the objective of this research is to delineate the factors and impact of cognitive overload
from the standpoint of state-run university professors, to achieve desirable academic performance.

Theoretical Foundation

This paper is based on the notion of Cognitive Load Theory propounded by Sweller (2011) that dif-
ferentiates three kinds of cognitive load:
* Intrinsic cognitive load — It is related to the intrinsic complicatedness of the material under process. In
a typical university setting, this coincides with the innate cognitive stipulations of teaching, research
and executive decision making.

* Extraneous cognitive load — It is the load created by the way information is dispensed or by the pro-
cesses surrounding a task. This implies administrative procedures, meeting arrangements, accredita-
tion paperwork and university workflows that introduce needless cognitive load to the deep-rooted
complexness of the activity.

+ Germane cognitive load — The cognitive load associated with filtering, learning, and purposeful obliga-
tion. For university professors, this is about the intellectual resources that are engaged in contempla-
tive teaching, innovative research, and scholarly reasoning.

As stated by Sweller, cognitive overload is the result of the total intrinsic and extraneous load ex-
ceeding the dimensions of an individual’s functional memory, leaving inadequate supplies for germane
processing. Cognitive overload for university professors occurs when the mingling of complicated aca-
demic activities (intrinsic) and burdensome administrative processes (extraneous) exceeds cognitive ca-
pability and hinders worthwhile participation in teaching and research (germane).

Kirsh’s (2000) supporting framework additionally emphasizes that cognitive overload extends be-
yond the mere accumulation of facts and encompasses the configuration, timeliness and feasibility of the
flow of information. This perspective is particularly important for professors who have to deal with many
demands at the same time and are constantly interrupted.

Methodology

Study design

This is a qualitative interview-based study that focuses on the awareness of cognitive overload and
its potential impact on academic performance among professors currently teaching in various public uni-
versities in North India. A detailed review of the literature indicates that there exists no detailed literature
identifying patterns of teacher cognitive overload in the Indian context. Therefore, the qualitative research
methodology through semi-structured interviews is appropriate for gaining new knowledge about the ef-
fects of cognitive overload. Semi-structured interviews are the most suitable method for collecting primary
data because open-ended questions allow the researcher to procure complete details and gain a deeper
comprehension of the subject.

Operationalization of cognitive overload

The author operationalised cognitive overload using a multilayered structure advanced by Sweller
(2011) and Kirsh (2000) for conducting this qualitative research. Cognitive overload in data capturing and
data interpretation was recognized by the researcher based on the following four interpretive benchmarks:

(i) Functional memory saturation — periods when participants reported incompetency in processing, re-
taining or recalling information while managing multiple coinciding activities. This was differentiated
from normal workload in that it focused on handling collapses rather than the magnitude of activity.
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(ii) Task switching cost — specific proof of performance deterioration (e.g. zoning out, problems in re-
claiming attention, fumbles) when moving between pedagogical and executive tasks. The focus was
on the standard of cognitive execution, not the quantity of tasks.

(i) Personal cognitive stress — self-assessed mental exhaustion, concentration hurdles, and decreased
decision-making capability specifically related to information filtering demands in opposition to be-
havioural or motivational objections.

(iv) Information processing deficit — self-reported inability to categorize or reject immaterial information,
resulting in a sense of cognitive “saturation” that hindered academic obligations.

The study meticulously separated cognitive overload from job-related stress, burnout and normal
workload:

+ Occupational strain was coded if respondents reported anxiety, stress or mental stimulation without

explicit cognitive processing defaults.

* Burnout was coded when respondents reported emotional fatigue, dissociation or decreased profes-

sional efficiency, irrespective of cognitive execution.

+ Normal workload was coded when respondents mentioned task magnitude or time constraint but were

still cognitively functioning without any stated memory or distraction issues.
Data were construed as cognitive overload solely when respondents expressly connected their
problems to information handling restrictions (e.g. lapse in memory, ‘mind blanking’, inability to pursue
conversations). This systematic differentiation is presented in Table 1 below:

Table 1. Distinction between cognitive overload and other associated constructs

Construct Fundamental Indicators Distinction from Cognitive Overload

Loss of memory, difficulty in concentration, reduced Emphasis on cognitive capability

Cognitive Overload ability to process information, impaired decision making. overloaded by filtering demands

Occupational Stress  Anxiety, stress, mental stimulation, concern Devoid of the explicit cognitive-processing

default element
Burnout Emotional fatigue, dissociation, curtailed personal Behavioural/emotional decline as opposed
achievement to cognitive saturation

Not necessarily beyond cognitive

Natural Workload Time constraint, task magnitude, work pressure processing capability; can be handled

Participant selection

The interviewees selected for the study are assistant professors, associate professors and profes-
sors working across 20 universities run by the Central Government of India and other state governments
of various states of North India. The researcher utilised his professional connections, developed during 10
years of service at a State-run University of Uttar Pradesh (the largest Indian province in terms of popula-
tion and number of universities). After the professors were interviewed, the researcher asked the profes-
sors to share recommendations from their academic networks about who would be the best fit for this
study. There were also referrals from professors who refused to participate in the study. The main inclusion
criteria were that professors must be employed as permanent/regular faculty members at public universi-
ties and must hold at least one non-academic portfolio at their respective universities. Few professors
openly stated that they were unable to answer interview questions because of their reluctance/hesitation
to participate in the research. Some professors directly emphasized that the opinions expressed reflected
their personal worldviews developed during their time at the university and did not necessarily align with
the university in which they worked. All of the professors interviewed requested personal and institutional
anonymity, which is understandable. Some of the referrals pertained to those professors who had already
retired from a university department and therefore could not qualify to be a part of the research.

Sampling method

The researcher has used chain-referral sampling also known as snowball sampling to select partici-
pants from various universities with the aim of developing an understanding on the subject matter through
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real-time experiencers, from distinctive viewpoints and dynamics. Snowball sampling is a widespread
sampling technique mainly used for approaching the covered inner circle and the classes basically found
far away from the conventional researches in social sciences (Atkinson and Flint, 2001). The chain-
referral or snowball sampling was of immense help in getting referrals from the interviewed professors
to further approach more professors. The rationale behind the use of chain-referral sampling was to gain
access to such professors who hold expertise in the relevant domain, these included professors particu-
larly from different academic disciplines right from humanities, science, social sciences and commerce
who had a sizeable experience in terms of working in the administrative domain alongside their regular
teaching assignments. The respondent professors were employed across different universities holding
key administrative positions like Head of the department, Dean of the faculty, Course coordinators, Com-
mittee conveners/members, Proctor, Warden etc.

Sampling size

This study has been finalized with a sample size of 40 professors, almost all of these professors
are employed in state-run universities as head of department, dean of faculty, course coordinators, among
others. The fundamental premise of qualitative research is that it is based on the study of phenomena
rather than numbers of responses. Comparing the response rates of quantitative studies to qualitative
studies is not regarded as reasonable and does not save time. This study is highly insistent, interactive
and reiterative. Every single interview was cautiously examined until the point at which fresh patterns
ceased to emerge in the responses. This was the point at which the researcher resolved to wind up fur-
ther interviews. This is called saturation i.e., the procedure of conducting a series of interviews, one after
another, usually with different respondents until all concepts begin to appear multiple times during the
interview without any new concepts emerging (Trotter Il, 2012).

Collection of Data

The discussion with professors were conducted primarily over video calls, physical interactions
and telephone. The interviews were conducted in a cost-effective manner and at the convenience of the
concerned professor. The researcher made an attempt to incorporate questions that would provide as-
sistance in finding the pertinent information which was needed to reach the eventual conclusion. Every
interactive session was carried out for a mean time-span of 29.22 minutes. The actual duration of each
session is specified at a later stage in the research paper. A time tracker was utilized by the researcher in
order to document the exact time consumed in all the interviews. The researcher went ahead with seven
semi-structured questions which were asked for organizing the interviews. The physical interviews were
administered in the cities of Varanasi, Lucknow and Siddharth Nagar while video call-based interviews
and over the telephone interviews were organized from cities like Kanpur, Ayodhya and Gorakhpur. To
start with, the researcher introduced himself to the professors, a small introduction of the interviewee
professor was also pursued, accompanied by the objective of the research which was elucidated to the
professors. The interviews were conducted only after the objective of this research was comprehended
and consented to.

Analysis of Data

As the purpose of this study is to get a deeper understanding of the experiences and perceptions of
professors, qualitative content analysis is considered as a method of data analysis as it can furnish invalu-
able insights through the analysis of texts in detail. In qualitative data analysis, a researcher has the alter-
native to carry out the same methods used in quantitative studies as well (Bhatia et al., 2020). High quality
content analysis does not refute a hypothesis, but aims to develop hypotheses for prospective quantitative
studies. Content analysis is only useful if it is outlined systematically and clearly (Elo and Kyngas, 2008).
Latent analysis is executed on raw data accumulated during the interview to extract purposeful inferences.

This study takes into consideration two significant stages of qualitative content analysis which are data
synthesis and data structuring. The primary step consisted of transcribing each interview and integrating the
data, which decreases the risk of omissions. The secondary step consisted of an orderly qualitative content
analysis of the professors’ remarks on research questions. This is followed by coding and classification to
identify broad themes such as task switching and interruptions, pedagogical impact, cognitive symptoms,
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social manifestations, behavioural manifestations, physical and emotional toll and coping and support.

According to our analysis, major thematic areas and topics related to cognitive overload and aca-
demic performance emerged during the 34th interview. Redundancy began to step into the response at
this point, and was hardly ever ascertained after that. It is satisfactory to draw out that approximately 85%
of the factors connected to cognitive overload that can negatively affect academic performance were dis-
covered during the 35th interview. Therefore, the study was conceptually based and deductive.

Diligence

This study was carried out by me as the sole author, an assistant professor at a state-run univer-
sity in India (the opinions articulated by the author are the outcome of research and personal worldviews
advanced during his work at the university, and do not inevitably correspond with the university in which
he works). The complete research is segregated into multiple parts, and its maintenance is the sole re-
sponsibility of the author. The interview process began with a succinct introduction of the faculty member
who participated in the interview process. All data was transcribed by the author. All activities, including
faculty searches, scheduling faculty interviews, developing semi-structured questionnaires, and literature
reviews, were performed solely by the author. It also required considerable meetings with fellow experi-
enced researchers which usually persisted for some minutes to even an hour.

Ethical Implications

Participants voluntarily confirmed their participation by replying to the messages sent to them by
the researcher on platforms like WhatsApp, e-mail, or LinkedIn. This research is neither listed at any place
nor has been appraised by an institutional ethics committee. Confidentiality of the study is maintained by
destroying all audio recordings post-decryption of the data considering its sensitivity and potential ramifi-
cations for the respondents. Moreover, this was also done anonymously. In all the data presented in this
study efforts have been made by the researcher to maintain confidentiality by giving indicative introduction
of various universities where the participant professors are currently employed and their explicit or implied
relationship with cognitive overload.

Findings

Since the brain’s working memory capacity is limited and the sheer amount of available information
is quite large many teaching faculties across the globe are susceptible towards cognitive overload. Post
experiencing unsettling circumstances teaching faculties in higher education may choose sub-optimal
alternative which actually is heuristic streamlining. According to Sweller (2011), cognitive overload rep-
resents a state of affairs where the demands laid down on the working memory transcends its already
bounded dimension, obstructing information filtering and learning.

Table 2 presents the questions developed during the interviews. Considering the opinion-based
complexion of the subject matter under exploration and keeping in view that the objective of the investi-
gation is significantly probative, the comprehension of participant insight and supplementary qualitative
details were favoured than the sole study of quantitative data. At the end of each interview the findings
were compiled and studied. The transcripts were cautiously analysed by the researcher for identifying
patterns and drawing conclusions.
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Table 2. Theme based semi-structured questions for interview

No. Theme

Questions

1 Task switching and interruptions

2 Pedagogical impact

3 Cognitive symptoms

4 Social manifestations

5 Behavioural manifestations
6 Physical and emotional toll

7 Coping and support

Do you find it difficult to regain your concentration after being interrupted by
non-academic tasks like attendance, committee work, administrative chores, ac-
creditation planning and event planning?

Have you recently delivered a lecture where you felt you were just “going through
the motions” rather than deeply engaging with students because your mind was
preoccupied with pending administrative deadlines?

Do you walk into a classroom or office and forget what you were about to do
because your mind was processing too many other tasks?

Do you avoid taking on new and interesting academic projects like new research
collaborations simply because you feel too “mentally full” to handle them?

Have you noticed yourself becoming short-tempered or less patient with students
or colleagues when you are under a high volume of simultaneous demands?

Do you experience physical symptoms like headaches, eye strain or fatigue
specifically linked to days with high administrative or grading loads?

Is there a formal or informal support system within your university that helps you
manage overwhelming workloads? If not so, where do you currently “offload”
your tasks?

Table 3 gives the demographic characteristics of all the respondents participating in the study. The
transcripts from the study which were analysed, encompassed 40 interviews with 21 assistant professors,
12 associate professors and seven professors working across 20 state-run university of India. Thirty-one
respondents (77.5%) were men while nine respondents (22.5%) were women. Respondents reported a
mean + standard deviation of 8.00 + 6.54 years of university teaching experience.

Table 3. Demographics of the professors participating in the interview

Attributes Figure
Age

25-35 03
35-45 12
45-55 15
55-65 10
Gender

Male 31
Female 09
Experience

0-10 years 16
10-20 years 15
20-30 years 07
30-40 years 02
>40 years 00
Current position

Assistant Professor 21
Associate Professor 12
Professor 07
Number of administrative portfolios being held

0-1 19
1-2 "
2-3 06
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Attributes Figure
34 03
>4 01

Administrative portfolio wise distribution (Assistant Professor/ Associate
Professor/ Professor)

Dean of Faculty 04
Head of Department 09
Course Coordinator 1
Director/Coordinator — Internal Quality Assurance Cell (IQAC) 03
Chief Proctor 02
Hostel Warden 05
Controller of Examinations 03
Faculty Incharge — University Guest House 01
Member — Admission / Examination Committee 14
Member — Departmental Research Committee 12

Member — National Assessment and Accreditation Council (NAAC) / Na-

tional Institution Ranking Framework (NIRF) Committee 15

Table 4 presents particulars about the interviewed professors and the universities they are currently
working at (names of the universities have not been disclosed as per the requests of the respondents),
and the scheduled dates for each interview. The interviews took place over a six-month period, from
September 2025 to February 2026. The researcher has strictly tried to maintain the confidentiality of all
respondents. In fact, at the very outset of the interview the researcher informed the respondents that their
identities will be disclosed only if they explicitly agree to be identified, to which all the respondents were
reluctant considering the sensitivity of the subject matter.

Table 4. Details of the professors interviewed

Professors University Designation  Interview date
(dd/mmlyyyy)
Professor 01 (P01) A noteworthy agricultural and technology university accredited A++ Assistant 21-09-2025
by NAAC Professor
Professor 02 (P02)  One of the oldest technology universities having a 105- year history ~ Assistant 24-09-2025
and accredited A+ by NAAC Professor

Professor 03 (P03)  Areputed law university established in 2005 and accredited Aby NAAC ~ Professor ~ 27-09-2025
Professor 04 (P04) A 115-year medical university accredited A++ by NAAC with a CGPA  Assistant 30-09-2025

of 3.67 Professor

Professor 05 (P05)  Alanguage university situated in the capital city of a key Indian state ~ Assistant 02-10-2025
and accredited B++ by NAAC Professor

Professor 06 (P06)  One of the prominent open universities having more than 80,000 Associate 05-10-2025
learners enrolled Professor

Professor 07 (P07) A university dedicated to the study of Sanskrit language and Assistant 06-10-2025
accredited A by NAAC Professor

Professor 08 (P08) A leading technology university ranked in top 100 for engineering Assistant 11-10-2025
and accredited A by NAAC Professor

Professor 09 (P09) A university established for the welfare of persons with disabilities Professor 17-10-2025
and accredited A by NAAC

Professor 10 (P10)  One of the largest universities of India with more than 4,00,000 Associate 22-10-2025
enrolments and accredited A by NAAC Professor

Professor 11 (P11) A 100-year-old university established for the promotion of musicand  Assistant 26-10-2025
accredited A++ by NAAC Professor

Professor 12 (P12)  Aleading university with more than 550 affiliated colleges and Assistant 01-11-2025
accredited A++ by NAAC Professor

Professor 13 (P13)  One of the top 5 universities in India as per NIRF rankings and Assistant 08-11-2025
granted with institute of eminence status Professor
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Professors University Designation Interview date
(dd/mmlyyyy)

Professor 14 (P14) A 150-year-old central university accredited A+ by NAAC with a Assistant 11-11-2025
CGPA of 3.26 Professor

Professor 15 (P15)  Arecently established and rapidly growing central university Associate 14-11-2025
accredited A++ by NAAC Professor

Professor 16 (P16) A university running many professional and vocational study Associate 19-11-2025
programmes accredited A++ by NAAC Professor

Professor 17 (P17)  An almost 70-year-old state government university recently Professor 24-11-2025
accredited by A++ by NAAC

Professor 18 (P18) A more than 100-year-old state university with a large alumni base Assistant 24-11-2025
accredited B++ by NAAC Professor

Professor 19 (P19)  One of the reputed state government universities of India recently Assistant 24-11-2025
accredited A++ by NAAC with a CGPA of 3.55 Professor

Professor 20 (P20)  Arelatively new state government university growing quickly with Associate 29-11-2025
more than 250 affiliated colleges Professor

Professor 21 (P21) A university dedicated to the study of Sanskrit language and Associate  04-12-2025
accredited A by NAAC Professor

Professor 22 (P22)  One of the oldest technology universities having a 105- year history ~ Assistant 08-12-2025
and accredited A+ by NAAC Professor

Professor 23 (P23) A university established for the welfare of persons with disabilities Assistant 13-12-2025
and accredited A by NAAC Professor

Professor 24 (P24)  One of the top 5 universities in India as per NIRF rankings and Associate 17-12-2025
granted with institute of eminence status Professor

Professor 25 (P25)  Arelatively new state government university growing quickly with Professor ~ 20-12-2025
more than 250 affiliated colleges

Professor 26 (P26) A university established for the welfare of persons with disabilities Assistant 24-12-2025
and accredited A by NAAC Professor

Professor 27 (P27)  Aleading technology university ranked in top 100 for engineering Assistant 30-12-2025
and accredited A by NAAC Professor

Professor 28 (P28)  Aleading university with more than 550 affiliated colleges and Associate 31-12-2025
accredited A++ by NAAC Professor

Professor 29 (P29) A noteworthy agricultural and technology university accredited A++ Assistant 07-01-2026
by NAAC Professor

Professor 30 (P30)  One of the reputed state government universities of India recently Professor 14-01-2026
accredited A++ by NAAC with a CGPA of 3.55

Professor 31 (P31) A 150-year-old central university accredited A+ by NAAC with a Associate 19-01-2026
CGPA of 3.26 Professor

Professor 32 (P32)  One of the prominent open universities having more than 80,000 Assistant 23-01-2026
learners enrolled Professor

Professor 33 (P33)  Aleading technology university ranked in top 100 for engineering Assistant 28-01-2026
and accredited A by NAAC Professor

Professor 34 (P34) A more than 100-year-old state university with a large alumni base Associate 31-01-2026
accredited B++ by NAAC Professor

Professor 35 (P35)  Arelatively new state government university growing quickly with Assistant 03-02-2026
more than 250 affiliated colleges Professor

Professor 36 (P36) A 115-year medical university accredited A++ by NAAC with a CGPA  Associate 05-02-2026
of 3.67 Professor

Professor 37 (P37)  An almost 70-year-old state government university recently Assistant 12-02-2026
accredited by A++ by NAAC Professor

Professor 38 (P38) A more than 100-year-old state university with a large alumni base Professor 15-02-2026
accredited B++ by NAAC

Professor 39 (P39) A language university situated in the capital city of a key state and Associate  22-02-2026
accredited B++ by NAAC Professor

Professor 40 (P40)  One of the top 5 universities in India as per NIRF rankings and Professor  28-02-2026

granted with institute of eminence status

Figure 1 presents the time span of each professor interview and the majority of interviews fell within
the duration range of 23 minutes to 34 minutes. The mean length of the interview was 29.22 minutes

www.ijcrsee.com

201


www.ijcrsee.com

Shukla, S. (2026). Cognitive Overload and its Plausibility in Impairing the Academic Performance of Professors in State-
run Universities — A Qualitative Study in Indian Microenvironment, International Journal of Cognitive Research in Science,
Engineering and Education (IJCRSEE), 14(2), 193-210.

where the shortest interview took place with associate professor 31 which lasted for 19 minutes. The
interview with assistant professor 5 was the lengthiest, spanning a total of 42 minutes.

Interview Duration
45
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Figure 1: Time consumed in interviewing professors

In accordance with the operational definition elucidated above, the study emphasized on the iden-
tification of failures encountered in cognitive processing particularly related to information overload. Each
theme in the list below is related to one or more of the four interpretive benchmarks (functional memory
saturation, task switching cost, personal cognitive stress, or information processing deficit). The under
mentioned seven themes surfaced constantly throughout all interviews. The core themes that transpired
through the careful scrutiny of transcripts collected by the researcher were task switching and interrup-
tions, pedagogical impact, cognitive symptoms, social manifestations, behavioural manifestations, physi-
cal and emotional toll, coping and support.

Task switching and interruptions

The fundamental notion of “non-academic work” is now out of the equation, every single thing that
the university administration expects us to do has to be at the very top of our priority list. If, while we are
engaged in teaching a key concept in the class and we are at once asked to prepare for an urgent ac-
creditation meeting, the psychological association breaks entirely. Thereafter, simply regaining that level
of focus takes at least two days. This has happened so many times now that we have submitted to the
belief that “multitasking” is our basic motto—although the quality of the delivery is compromised (P01,
P04). So, the frequent switching between teaching and administrative tasks is detrimental to quality. The
repeated loss of focus makes effective classroom performance lacklustre, leading to imminent dejection
among professors (Mclnnis, 2000). On similar grounds, continuous disruptions diminish the quality of
research, and academic writing also suffers drastically. / view reqular task switching and continuous inter-
ruption as a hurdle. Yes, repeated obstructions are definitely an issue—mainly when you are involved in
extensive research or original writing. The trouble emerges when some tasks are abruptly forced upon
you. Although | strive to set clear boundaries but regaining the lost focus is difficult (P02, P11, P16).

This constitutes a form of organized cruelty being imposed on our intellectual being. If the adminis-
trative machinery feels that teachers are machines, then they should be reminded that even the most well-
oiled machines need time to reboot (P10). The ever-increasing cognitive burden in universities is gravely
testing the mental limits of professors. Today’s workload is excessive, and while keeping pace with time
is essential, it is equally important that university administration respects human capabilities (Berg and
Seeber, 2025). After three decades of active service, | can state this with utmost sincerity and certainty
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that while working in a university you are bound to manage a multitude of tasks concurrently. Through my
observations | can state that when | first came into service some 32 years ago, the sheer volume of tasks
was far less than it is today. Still, the right way to move forward is to reconcile with the modern times; or
else, stress is bound to occur (P30).

This question aligns with the thought process of every teacher who had set his foot in academics
to teach and perform quality research, yet today finds himself narrowed down to the status of an office
worker. The single most worrisome mess affecting our universities is mental fatigue. The sad part is that
by the time we somehow manage to reclaim our focus, the day is almost over (P05, P13). In such an
alarming situation where, mental fatigue is diverting state-run university professors from teaching and re-
search, the core competencies are clearly getting eroded (Foli et al., 2025). It is indeed a matter of grave
concern which needs to be dealt with immediately. | would take this liberty and say that we, as teachers,
are slowly giving up on our core competence since we have turned ourselves into ‘managers,’ rather than
‘educators’, whatever may be the reason (PO7).

Pedagogical impact

Very recently, the deadline for submitting the Annual Performance Assessment Report (APAR)
was approaching at my university. | was engaging a class for the M.Sc. students. | was standing there,
writing quantum mechanics equations on the board—but my mind was roaming in the midst of the APAR
modules which were yet to be finalized. At one point, a student came up with a query, which | answered;
nonetheless, | later figured out that | didn’t even entirely listen to the question (P06). The preoccupation
of mind with administrative tasks is impairing uninterrupted academic dialogue between the teacher and
the taught (Mintrop and Charles, 2017). The circumstances have become so intense that professors are
getting forced to present study material mechanically. Once, while | was delivering a lecture on the Union
Territories under the Indian Constitution, my mind was engrossed with a University Purchase Committee
meeting prior to which | had to sign the semester mark sheets also. Even though | kept going with my
verbal flow, | had this feeling that | was not fully involved in a ‘discourse’ with the students, rather | was
merely lecturing them (P15).

Honestly, sometimes it feels like a ‘spiritual failure.” One day, | was teaching the poetry of John
Milton, However, my focus remained with the committee convened in the Registrar’s office, where the
Pre-Ph.D. coursework matter awaited resolution. Though, | recited the poetry, | failed to become absorbed
in its true meaning. Although, | have resolved that, from now on, | observe at least ten minutes of silence
before entering the classroom (P05). The persistent inability of state-run university professors to immerse
themselves in teaching due to cognitive overload is making them feel that there is a serious lack of full
presence on their part. Yet, there is a belief that in times of lack of energy there is no harm in taking hon-
est breaks (Headlee, 2020). | would call this issue a ‘multitasking failure.” Whenever | notice that the
students are getting bored because of lack of energy in me, | pause the lecture midway with the intention
to hold extra classes on the next working day. | believe it is far better to honestly take a break in such
situations. The students appreciate this as well (P08, P21). Moreover, expanding administrative pressure
in universities is eroding academic discipline, making this disconnect a strange routine. Nevertheless, the
administrative pressures in universities have become so immense that academics has been confined to
a secondary role. No innovation involved, no voluntary dialogue. It is an upsetting state of affairs, but this
is the ‘new normal.’ (P10, P29, P37)

Cognitive symptoms

This question strikes a deep chord with me because the incidents like these have now become very
common. The brain simultaneously swirls with thoughts of administrative files, a Ph.D. scholar’s thesis, and
my electricity bill. My mind continues to be a storehouse of knowledge, still the key to approach it has prob-
ably gotten buried somewhere underneath a soaring stack of non-academic work (P21). There is a mental
tangle encountered in the midst of university-level tasks known as ‘cognitive overload.” Further, while nego-
tiating committee coordination, admissions and examination related work in the university, professors tend
to lose sight of their core purpose. This shows that this is not merely a usual occurrence, but rather a sign of
deeper concern. | would term this a ‘cognitive overload.’And yes, this has been occurring with me frequently.
Not long ago, | was made the convener of a committee within my faculty, and concurrently, admission work
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was in progress. | came to my office, unlocked the door, went in, and then sat there thinking about the exact
purpose | had come for? | don't believe that this is a normal phenomenon, rather a warning sign (P36).

Yes, this happens to me. When you are simultaneously serving as the chairperson of three uni-
versity-level committees, supervising five research scholars, and confronting the pressure of collecting
data for rankings like NAAC and NIRF, the mind gets confined in a ‘multitasking trap.’ It depicts the critical
point where the mind fundamentally refuses to take any further load (P27). While the “multitasking trap”
represents the brain’s limit, the “professorial blank moments” refer to an intense form of mental fatigue
(Vveinhardt and Sroka, 2022). The mind becomes absolutely drained due to mounting workload, which
underscores the mental state of professors. They have come to a point, where the brain disapproves of
any further supplementary load. I've even coined a name for situations like these—'Professorial Blank
Moments.” What happens with me is that sometimes, | just stare at my notes, striving to find out the exact
topic which was covered in the previous session. It becomes extremely draining (P14, P18).

Social symptoms

At the beginning of my career, | used to say ‘yes’ to every research collaboration and every new
research opportunity. Yet, over a period of time, | have hopelessly declined many opportunities for inter-
national association. | feel “mentally overcharged” just because | do not have sufficient time for research
(P18, P26, P39). Cognitive overload induced time constraint is now forcing even those professors who
are in the early stages of their career to turn down international collaborative opportunities as they are left
with no choice (Koudsia and Kirchner, 2024). This mental burden reaches its peak when administrative
responsibilities, such as headship of the department, compel them to refuse even gripping research col-
laborations. | was recently about to commence on a research paper in sustainable marketing alongside
a young researcher. The theme was completely new and stimulating to me. But once | went through my
schedule, I figured out that the administrative responsibility of being the Head of the Department, attend-
ing perpetual administrative meetings and on top of that, the reporting requirements forced me to give up
on the exciting collaboration. | had to eventually decline (P16). Cognitive overload has risen has a threat
because it has completely inundated the capacity of professors by making the new partnership seem
certain to fail. | would go to the extent to say that | have reached the point of overflow. | presently have
four Ph.D. scholars, two ongoing research projects, and in addition to this, | serve as the Secretary of
the department’s Research Committee. Considering this, | have a strong feeling that If | take on any new
research collaboration, either the project will fail, or | will (P11).

Behavioural manifestations

“In recent times, perhaps, | have noticed, a distinct note of irritability in my voice. Patience is a
quality for which | am widely known. My students always said, “Ma’am, do you ever get angry?” Yet, in
recent months, | have started to witness changes in me. On one occasion, | was concurrently drafting
minutes of the meeting for two different committees when an M.Sc. student came up to me. She asked a
simple question which was regarding the Fredholm integral equation formula. | looked at her in irritation
and replied “That is elementary knowledge, you should have memorized it by now?” This incident serves
as a stark reminder that the cognitive overload we bear is slowly robbing us of our gentleness (P22).
Cognitive workload has caused a severe decline in the patience level of Indian professors. It has not
only inflated the irritability factor but is also affecting the relationship structures (Das, 2025). Moreover,
cognitive overload is impairing the composure. Yes, it happens. And | feel no hesitation in admitting it.
However, | would also like to add that | am not solely responsible for this. When you are subjected to so
many pressures simultaneously, your patience begins to wear thin. Sometimes, we do get this realization
that our exasperation is not directed at our colleagues or students, but rather at the establishment that
is overtiring us and just because of this our relationships are the first thing to suffer (P17, P25, P37). ltis
important for professors to acknowledge that losing patience under extreme pressure is natural, which
can impact relationships. But what matters is the resolve to prioritize personal relationships and remain
patient. Over the past few months, | have found myself growing irritable even towards my peers, family
and some close acquaintances. Perhaps a hint of impatience in my tone has crept in. Honestly, | have
started to feel that people are shying away from me. But now, | have made a firm resolve that no matter
how big the workload, | would never lose patience with people I really care for (P14).
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Physical and emotional toll

I have noticed myself minutely that on days when | have to spend seven or eight consecutive hours
attending back-to-back physical and virtual meetings or evaluating end semester examination answer
books, by evening, my eyes start to feel burning sensations, and | experience head pressure. This is not
ordinary fatigue; rather, it is the integrated effect of ‘digital eye strain’ and ‘mental fatigue.’ The sad part is
that | cannot afford avoidance as the deadlines are stiff and the system commands that results must be
delivered quickly (P05). The two fundamental reasons behind the problems faced by professors are per-
sistent workload and emotional fatigue. They suffer from “health-related issues” like digital eye strain and
neck and shoulder stiffness (Wood, 2020). Still, they feel compelled to disregard their health in the face of
challenging times. Being the senior most professor and the chief proctor in my university, | have to juggle
committee meetings, resolve disciplinary matters and above all evaluate the answer sheets. These days,
I have begun to invariably experience stiffness in my neck and shoulders by late afternoon, followed by a
blurring of vision. The worst part is that these health issues don’t usually get cured with ordinary medica-
tion because they are not a result physical exertion only, but of mental fatigue as well (P25). Therefore,
a rational assessment is that prolonged sitting and mental stress are causing physical problems such as
stiffness in the neck and shoulders and blurred vision (Jasnak and Rao, 2025). Furthermore, the inability
to take rest at regular intervals is making these issues even worse.

Last semester, when | spent around 45 consecutive days preparing the self-study report of my
university to be submitted on the NAAC portal, the pain in my neck became so grievous that | just could
not move my head. Seeking medical attention, | had to approach a physiotherapist who told me that my
posture has deteriorated due to prolonged sitting and | have become a possible candidate of spondylitis.
But still when deadlines emerge and there is pressure to submit data, how can [ hardly just get up and go
for a walk? Although, | am now planning to make it a rule to take a ten-minute break every hour (P20). The
extent of despair among professors is such that despite doctor’s warnings, they do not envision a pos-
sibility of change in their lifestyle unless changes are instituted in university functioning. The doctors are
now literally reprimanding us to either change our lifestyle or invite stress-induced hypertension. Nonethe-
less, we are helpless, because unless changes are installed in the way the university functions a lifestyle
change seems like a joke and the pain behind it runs deep (P18, P23, P31, P35, P40).

Coping and support

At our university, there is no formal support system in place where we can offload the sheer volume of
work we are burdened with. Informally, | “redistribute” it to my research scholars. All the rudimentary admin-
istrative tasks like filing and document compilation are handled entirely by our research students. We know
this isn't just, but we are short on choices (P23, P34, P38). In the light of growing cognitive burden on profes-
sors, they are forced either to shift a sizeable portion of the workload onto the students or to make temporary
arrangements at their own level (Manuel et al., 2018). On top of this, there is a serious lack of robust poli-
cies and systems at university level. The one who is once bestowed upon the responsibility of a task by the
administration does it till eternity. There is no mental health support at the university, nor is there any precise
policy for the allocation of workload. However, informally, | have created a small “support system” of my own.
Yet, these are all only makeshift measures. The real respite must come at the institutional level (P05).

Frankly speaking, | don't see any staff help desk or a workload assessment committee in the
university, and even if there is one, it is probably functional only on paper. So, to offload my work, | have
conceived a mechanism-I have learned to “prioritize my procrastination.” The most compelling tasks are
completed first and the rest keeps getting rescheduled (P29). In the absence of university-level formal
support, professors resort to prioritizing through procrastination for cognitive load management. They do
not shy away from recognizing that psychological counselling for them is limited merely to paperwork,
and the true support comes informally. The formal support system is merely nominal. Our university has
a ‘Psychological Counselling Cell,” but its activities have been confined to nothing more than organizing
guest lectures. The actual support is informal—our colleagues. At the institutional level, we are all funda-
mentally unattended (P20, P25). Eventually, state-run university professors from India admit that formal
support system is minimal, with the universities failing to provide psychological support (Kundu and Bej,
2025). In our universities, ‘mental support’ seems to be missing. As a personal coping mechanism, we go
out into our gardens and water the plants, in the evenings-This is our ‘therapy.’ (P16, P28, P32)

www.ijcrsee.com
205


www.ijcrsee.com

Shukla, S. (2026). Cognitive Overload and its Plausibility in Impairing the Academic Performance of Professors in State-
run Universities — A Qualitative Study in Indian Microenvironment, International Journal of Cognitive Research in Science,
Engineering and Education (IJCRSEE), 14(2), 193-210.

Conclusion

The findings of the qualitative investigation lay out interesting factors that address the three re-
search questions developed earlier about the different possible effects, manifestations and strategies to
mitigate cognitive overload. This paper set out to investigate the current status of cognitive overload and
its critical role in affecting the performance of state-run university professors in India. Findings clearly
suggest that professors working in the state-run university framework in India endure immoderate cogni-
tive overload. The primary contribution is to examine the challenges faced by the professors in efficiently
managing their job-related responsibilities in the context of rising cognitive load coming from the adminis-
trative modus operandi of each university. The secondary contribution is to reveal the impact of cognitive
overload on the effectiveness of academic and research performance of Indian professors.

Practical implications

This research carries diverse implications for university administrative staff and students. Pro-
fessors at state-run universities in India confront a fundamental choice: whether to prioritize academic
work over administrative tasks or the reverse. Ideally, professors should work more on the academic
endeavours-such as instructional delivery, curriculum development, research mentorship and educational
innovation-while treating administrative responsibilities as peripheral. The most prominent, though chal-
lenging, would be that professors treat their administrative role and their academic role as two distinct jobs
that happen to be done by the same person. They need to build a strict psychological and behavioural fire-
wall between the two (Mady, 2019). This research adds extensively to the existing knowledge of cognitive
overload, academic exhaustion and coping and support of Indian professors because, till date studies in
Indian scenario are scarce. The results of this research have direct and practical inferences for university
executives, policy makers, and academicians. The recommendations that follow arise directly from the
seven themes that have emerged from the study and are presented within a multi-layered university level
framework as opposed to generic suggestions:

A. Recommendations derived from Findings:

1. Task switching and interruptions:

+ Assign certain days in a week as “academic priority days” where professors are free of admin-
istrative gatherings and low-priority correspondence.

* Provide at least two to three hours per day on a continuous basis for teaching readiness, re-
search and student assistance cum mentoring.

+ Confinement of administrative meetings to only two particular days in a week.
2. Pedagogical impact:

+ Enforce a compulsory and quick 10-minute “de-pressurization” session before each class in
which faculty revisit their teaching goals bereft of any administrative interruptions.

+ Establish a rigorous “no interruptions” policy during teaching time, deferring all administrative
correspondence until the class is done.

* Provide a way for professors to label “teaching preference” status on their schedules, to signify
that they are not available for administrative assignments.

3. Cognitive symptoms:

+ Create a simplified quarterly self-appraisal mechanism for professors with administrative portfo-
lios according to the four criteria employed in this research (functional memory saturation, task
switching cost, personal cognitive stress, or information processing deficit).

+ Develop a “cognitive load index” that aggregates academic load, number of administrative port-
folios, membership of committees, and accreditation responsibilities; establish a maximum ad-
missible threshold score.

+ The university administration needs to ensure that no one professor can hold more than two
major administrative positions at a time.
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4. Social symptoms:

* Provide a “research sabbatical leave” every three years wherein administrative responsibilities
are decreased to the extent of 50% to make room for research collaborations.

+ Create an earmarked university fund to recruit research assistants on part time basis to under-
take administrative documentation for funding proposals and collaborative projects.

+ Develop a mentoring scheme for junior professors to partake administrative loads with experi-
enced colleagues during high-demand intervals of research activity.

5. Behavioural manifestations:

+ Offer compulsory training sessions on emotional intelligence, endurance and self-assured cor-
respondence for professors who have administrative roles.

+ Arrange monthly “debriefing sessions” among professors to share tough interpersonal experi-
ences and comprehend coping schemes.

+ Make sure that classified advisory services are available and diligently advertised to professors
who encounter testiness or relationship stress.

6. Physical and emotional toll:

* Implement mandatory 10-to-15-minute motion breaks after every 90 minutes of rigorous admin-
istrative or grading task.

+ Ergonomic assessments and adaptable workspaces for professors with elevated administrative
burdens.

+ Offer health and wellness interventions like sponsored physiotherapy, subsidized eye care and
psychological health consultancy.

+ Limit sustained screen-based tasks to a capping at six hours a day.
7. Coping and support:

+ Form an institutionalised Workload Assessment and Support Committee at the university level
to evaluate and fairly spread administrative duties among all faculty members.

+ Establish a dedicated Staff Help Desk to assist faculty with critical administrative support (filing
and documentation) during high intensity periods.

+ Build a peer assistance circle so professors can briefly unload low priority tasks to coworkers
during contingencies.

+ Validate the role of Ph.D. scholars in helping with administrative tasks, if the ethical protocols
are adhered to and their personal academic endeavour is not hampered.
B. Comprehensive university level framework for cognitive overload minimization:

The recommendations proposed in this study can be skilfully integrated through a three-layered
pathway:

Table 5. Proposed framework for cognitive overload reduction

Tier Level Interventions Accountable Party
Individual Cognitive load self-appraisal, block Professional / Human Resource
1 (Professor centered) scheduling training, conscientiousness Development Cell of the university
workshops, subsidized health camps
Task preference mechanism, peer task Dean of the Faculty / Head of the
2 Faculty / Department offloading system, combined administration Department / Faculty committees
(Operational unit) calendars, workload allocation cell /
committee
Administrative duty restrictions, policy University Senate or Executive
Institution for academic time priority, dedicated Council/ Office of the Vice
3 (Structural) psychological cell assistance, persistent Chancellor / NAAC or NIRF

audits of cognitive load, definitive workload ~ Coordination Committees
distribution policy
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C. Model implementation framework:

* Phase 1 (0-6 months): Collect threshold cognitive load data, initiate mindfulness campaigns and set
up faculty workload assessment committees.

* Phase 2 (6-9 months): Execute secured time policies, establish professors help desk and initiate
workload reallocation.

* Phase 3 (9-12 months): Assess effectiveness with qualitative response cum assessment and quanti-
tative cognitive load analysis; adapt interventions according to results.

Research limitations

Due to its qualitative nature, this study is limited by the inability to generalize the results. The
purpose of qualitative research is to focus on concept development rather than universal applicability
(Draper, 2004). Therefore, future studies should accentuate quantitative methodologies. Specifically, the
factors identified in the results and discussion could be operationalized into a questionnaire, allowing
a large-scale study to assess the influence of the themes identified in the interviews with professors.
Furthermore, the relationships between the factors identified, namely task switching and interruptions,
pedagogical impact, cognitive symptoms, social manifestations, behavioural manifestations, physical and
emotional toll, coping and support would provide another encouraging opportunity for further research.
Another alluring pathway for fresh research could be a study of the differences in perception of professors
from state-run universities and private universities towards cognitive overload.
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Abstract: Various factors, including knowledge, beliefs, and instructional practices, influence the quality of pre-service
and in-service mathematics teachers’ instruction. The relationships among these factors have been investigated in many
previous studies. This systematic review investigated the relationships among knowledge, beliefs, and instructional prac-
tices of pre-service and in-service mathematics teachers by analyzing included studies from 2015 to 2023. The study used
systematic review methodology and the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines, along with descriptive and qualitative statistical analyses. A collection of 38 relevant studies, selected from data-
bases such as Google Scholar, Mendeley, ScienceDirect, Scopus, and Taylor & Francis Online, was analyzed to answer the
research questions after a screening and eligibility assessment using inclusion and exclusion criteria. The research results on
the relationships among knowledge, beliefs, and instructional practices of pre-service and in-service mathematics teachers
reported in the included studies are relatively diverse. In particular, most research shows that teachers’ knowledge affects
their beliefs and the quality of teaching in their instructional practices. In contrast, their instructional practices promote the
development of their knowledge, reflect, and enhance their beliefs. However, the proportion of studies finding the relationships
among these factors to be insignificant remains relatively low. Based on these findings, the study makes recommendations to
stakeholders for in-service mathematics teachers’ professional development and training, as well as pre-service mathematics
teacher training programs. In addition, the study highlights limitations and suggests new research directions for the future.

Keywords: Beliefs, instructional practices, knowledge, mathematics teachers.

Introduction

Teachers’ knowledge, beliefs, and instructional practices are three areas of research interest and
are also essential to the effectiveness of the teaching process. The relationships among the above three
factors are also of interest to many researchers in studies related to professional development for teach-
ers (pre-service and in-service). Many empirical studies have shown that the quality of teachers’ instruc-
tion is one of the main factors affecting student learning outcomes (Hattie, 2009, as cited in Baier et al.,
2019; Hasim et al., 2022; Pagiling and Taufik, 2022). Therefore, teachers need professional development
to improve their knowledge, understanding, and instructional practices to ensure student learning devel-
opment (Hasim et al., 2022). As a result, educators frequently conduct research on methods to improve
teacher education and to predict teaching quality based on teachers’ knowledge and beliefs (Baier et al.,
2019). In particular, teachers’ professional knowledge, including conceptual and practical knowledge of
general pedagogy and subject content, is core to their overall competency (Hasim et al., 2022). According
to these authors, teachers with solid, extensive knowledge can apply various teaching strategies, primar-
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ily to support students in becoming self-aware and strategic learners (Hasim et al., 2022).

Research on the influence of teachers’ beliefs on instructional practices is considered an important
aspect of mathematics education. In particular, mathematics teachers’ beliefs include two main aspects:
beliefs about the nature of mathematics and beliefs about teaching and learning mathematics (Balanlay,
2021). According to Nguyen and Tran’s (2023) study, mathematics teachers held sophisticated beliefs about
teaching and learning, a holistic view of knowledge, and mathematical proficiency. Therefore, many previ-
ous studies suggest that belief and knowledge are two factors that affect teachers’ instructional practices
in the classroom (Muhtarom et al., 2019; Purnomo et al., 2016). At the same time, many studies continue
to show a relatively weak relationship among mathematics teachers’ knowledge, beliefs, and instructional
practices (Auslander et al., 2023; Moh’d et al., 2021). Therefore, it can be observed that previous studies
have yielded both consistent and inconsistent conclusions regarding the relationships among the elements
of knowledge, beliefs, and instructional practices of mathematics teachers (Kaspersen et al., 2017).

Several systematic reviews have previously examined the relationships among knowledge ele-
ments, beliefs, and instructional practices of mathematics teachers. Depaepe et al. (2020) surveyed stud-
ies on the relationship between teachers’ professional knowledge and the quality of their instructional
practices in mathematics education. First, the study provided an overview of approaches for defining
mathematical expertise. Second, the relationship between teachers’ professional knowledge and instruc-
tional practices was highlighted, with a focus on the indirect roles of teachers’ professional beliefs and
their situation-specific knowledge and skills. Third, the study described the teacher competency model
as an integrated model of knowledge, beliefs, situation-specific skills, and classroom behavior. The study
discussed current research on the relationship between teaching quality and professional teacher knowl-
edge. Another study by Hasim et al. (2022) on STEM (Science — Technology — Engineering — Mathemat-
ics) education and sustainable development identified sustainable development activities in STEM edu-
cation and their impact on teacher knowledge and teaching methods. Peer-reviewed studies published
between 2017 and 2021 were selected from the Scopus, Web of Science, and EBSCOhost databases.
Research shows that sustainability activities in STEM had an indirect but strong influence on teachers’
knowledge and instructional practices. In particular, Minarni et al. (2018) conducted a narrative review to
discuss the relationships between teachers’ teaching beliefs and practices, their instructional practices
and student learning outcomes, and their beliefs and instructional practices and learning outcomes. Re-
search results indicate that (1) mathematics teachers’ beliefs guide them in determining the instructional
practices they consider appropriate, (2) student-centered learning approaches improve student learning
outcomes, and (3) teachers’ beliefs and instructional practices, along with a student-centered approach,
can motivate students to build mathematical knowledge and improve math learning outcomes actively.
The difference between the current study and the previous studies is that this study aims to compile
information regarding various studies covering the relationships among knowledge and beliefs, beliefs
and instructional practices, and knowledge and instructional practices among pre-service and in-service
mathematics teachers by using a systematic review guided by the PRISMA in educational and social sci-
ence journals published worldwide from 2015 to 2023. Additionally, this study discusses various research
methodologies used in selected studies, enabling researchers in the field of mathematics education to
determine appropriate approaches for their future studies.

The relationships among knowledge, beliefs, and instructional practices are a topic of consider-
able interest, and the research literature is divided on the degree to which these factors are correlated
(Kaspersen et al., 2017). Previous studies have yielded few results on the influence of beliefs on math-
ematics teachers’ instructional practices. Fennema et al. (1996; as cited in Lui and Bonner, 2016) did
not find the expected relationship between beliefs and changes in mathematics instructional practices.
As cited in Thompson (1992; as cited in Lui and Bonner, 2016), several qualitative studies have shown a
relatively weak relationship between beliefs and instructional practices. The previous results of insignifi-
cant associations between beliefs and practices may be due to many external factors influencing teacher
instructional practices, such as school and classroom habits and resources. Second, further research is
needed on the significance of beliefs and knowledge in instructional planning. The study by Cady et al.
(2006; as cited in Lui and Bonner, 2016) suggested that content knowledge, pedagogical knowledge, and
professional experience may mediate the relationship between teachers’ teaching beliefs and practices.
This study aims to explore the complex, intertwined relationships among these factors, as previous stud-
ies have concluded. Thus, a systematic review is required to provide an overview of recent research
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on the relationships among pre-service and in-service mathematics teachers’ knowledge, beliefs, and
instructional practices. The findings of this study can serve as a reference for designing mathematics
teacher education and professional development programs. Additionally, by identifying research gaps, the
paper opens the door to future studies that will delve deeper into specific aspects of these relationships.

Knowledge describes the cognitive aspects of teachers’ competencies (Dunekacke et al., 2016).
The concepts of teachers’ knowledge encompass subject knowledge, curriculum, pedagogy, global is-
sues, and other topics (Carney et al., 2016; Lo, 2023). Mathematics teachers’ knowledge can be defined
as a three-dimensional structure that includes mathematical content knowledge, mathematical pedagogi-
cal content knowledge, and general pedagogical knowledge (Abdul Rahman et al., 2019; Dunekacke et
al., 2016; Tinh et al., 2021; Yang et al., 2020). In the “in-the-head-of-teacher” context, teachers’ content
and pedagogical content knowledge can be distributed and situated (Kaiser et al., 2017). Content know!-
edge is knowledge acquired from books during the learning process and includes mathematical defini-
tions, concepts, algorithms, and procedural knowledge (Blomeke and Kaiser, 2014; Dong et al., 2020),
belonging to different branches of mathematics such as algebra, geometry, numbers, and data (Blémeke
and Delaney, 2012). Meanwhile, pedagogical content knowledge is subject-specific knowledge for teach-
ing and helps students absorb knowledge (Shulman, 1986; as cited in Yang et al., 2020). Pedagogical
content knowledge is often divided into two main components, including knowledge about how to teach
concepts (how to present concepts and knowledge about problems) and knowledge about students’ think-
ing (how to present concepts and knowledge about problems) and knowledge about students’ thinking
(students’ perceptions and confusion) (Scheiner et al., 2019; Copur-Gencturk and Li, 2023; Yang et al.,
2020), allowing teachers to predict students’ options and confusions when solving problems, explain stu-
dents’ ideas, and predict students’ responses to specific tasks (Carney et al., 2016). Many empirical stud-
ies have confirmed the importance of pedagogical content knowledge for the quality of teacher education
and student learning outcomes (Copur-Gencturk and Li, 2023).

Beliefs are the foundation of thought and behavior, acting as “cognitive filters” through which new
knowledge and experiences are interpreted and acted upon (Swan, 2006; as cited in Calleja, 2022; Lin,
2021). Therefore, belief helps predict individual behavior (Calleja, 2022; Dunekacke et al., 2016). In the
context of education, teachers’ beliefs are described as a combination of personal perspectives, deeply
held values, judgments, and implicit assumptions about mathematics, curriculum, education, students,
teaching, and learning, which were shaped by their knowledge, experience, and instructional practices
(Calleja, 2022; Felbrich et al., 2012; Lamichhane, 2017).

Many studies have classified teachers’ beliefs to explain better concepts in teaching mathemat-
ics, classroom roles, and teachers’ choice of teaching activities (Calleja, 2022; Dunekacke et al., 2016).
Askew et al. (1997) proposed three types of teachers’ beliefs, called transmission, discovery, and connec-
tionist, including beliefs about the nature of mathematics, beliefs about teaching mathematics, and how
students learn mathematics (as cited in Calleja, 2022; Aljaberi and Gheith, 2018; Balanlay, 2021; Carney
et al., 2016). In particular, beliefs about the nature of mathematics influence teachers’ views on teaching
and learning mathematics (Guler and Celik, 2023; Nguyen and Tran, 2023). Teachers’ beliefs about the
nature of mathematics concern cognition, concepts, meanings, rules, and mental images related to math-
ematics, while beliefs about teaching and learning mathematics are also important. Teachers’ opinions on
how mathematics is taught and how students learn mathematics were surveyed by Lamichhane (2017)
and Yang et al. (2020). Specifically, a transmission belief views mathematics as a collection of fixed, spe-
cific, irrefutable knowledge based on deductive logic, to be transferred to students (Carney et al., 2016).
A connectionist belief views mathematical content as a connected set of topics and concepts and focuses
on students’ problem-solving methods and strategies (Askew et al., 1997; as cited in Carney et al., 2016).
With this in mind, teachers are expected to facilitate learning activities and discussions by providing chal-
lenges to clarify mathematical concepts and relationships (Carney et al., 2016). A discovery belief views
mathematics as a unified synthesis of knowledge. This method involves the teacher acting as a facilitator,
establishing a classroom setting where students can investigate ideas and approaches to problem-solving
(Carney et al., 2016). In addition, teachers’ beliefs can also be considered in terms of efficacy beliefs,
that is, teachers’ beliefs and awareness of their ability to teach students with different requirements and
standards to achieve learning outcomes. Students are expected to participate and achieve outcomes
(Ekstam et al., 2017). Research by Beswick (2012) shows that teachers with more than one belief type
tend to teach consistently with a different belief type in each specific context.
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Instructional practices occur in classroom settings, creating conditions for students to learn (Baier
et al., 2019; Depaepe and Kdnig, 2018; Makamure and Jita, 2019; Wadanambi and Leung, 2019). Many
researchers believe instructional practices can be considered from teacher-centered and student-cen-
tered approaches (Hogan et al., 2013). In particular, the student-centered approach has been adopted
in many countries in recent years due to its ability to respond to educational reforms (Cai and Howson,
2013). Specifically, this teaching approach allows students to actively participate in activities to solve real-
world, meaningful mathematical problems, creating conditions for them to predict, verify, collect informa-
tion, analyze data, communicate, and collaborate (Yang et al., 2020).

Teachers’ instructional practices can be described in terms of student learning support, classroom
management, and cognitive activation (Baier et al., 2019). Learning support includes teachers’ behaviors
that create a friendly, personally supportive learning environment that motivates and encourages students to
participate in learning and provide feedback (Baumert et al., 2010). Classroom management is considered
adequate when teachers ensure continuous student learning and limit disruptions and conflicts in the class-
room (Korpershoek et al., 2016). Additionally, teachers demonstrate instructional practices with high cogni-
tive activation ability by providing students with cognitively challenging tasks and creating. Thus, instructional
practices require both in-service and pre-service teachers to have knowledge, responsibility, attitudes, skills,
and experience, thereby contributing to the development of teachers’ knowledge in depth and breadth.

The relationships between knowledge and beliefs, knowledge and instructional practices, and
teachers’ beliefs and practices have all been the subject of numerous prior studies. The results of studies
on the relationships between these factors are relatively diverse. Teachers’ knowledge and beliefs have
a close two-way relationship. Indeed, previous studies found that teachers with a strong background in
mathematics hold strong beliefs about the nature of mathematics and mathematics teaching and learning,
and vice versa (Abdul Rahman et al., 2018; Blomeke and Kaiser, 2014). In contrast, as the nature and
teaching and learning of mathematics become more complex, teachers’ content and pedagogical knowl-
edge increase, with a greater demand for higher quality (Pagiling and Taufik, 2022).

Regarding the relationship between teachers’ knowledge and instructional practices, many stud-
ies have shown the importance of knowledge for teacher teaching quality, contributing to shaping their
instructional practices, especially for aspects of classroom management and student support (Baier et al.,
2019; Carney et al., 2016; Dong et al., 2020; Ermnest, 1989; as cited in Yang et al., 2020; Lui and Bonner,
2016). Specifically, mathematical content knowledge is directly related to teachers’ instructional practices,
whereas other types of knowledge, such as pedagogical content knowledge and general pedagogical
knowledge, are closely related to them (Ernest, 1989; as cited in Yang et al., 2020).

The gap between theory and practice in education is a challenge educators must address to pro-
mote mathematics teaching and learning. Belief is considered one of the factors contributing to narrowing
or widening that gap. Therefore, investigating the relationship between beliefs and mathematics instruc-
tional practices is necessary to provide an overview of the training and development of mathematics
teachers (Purnomo et al., 2016). Regarding this relationship, many studies have confirmed that teachers’
beliefs play a decisive role in their instructional practices and vice versa, for changes in their instructional
practices can lead to a change in teachers’ beliefs (Beswick, 2005; as cited in Calleja, 2022; Aljaberi
and Gheith, 2018; Yang et al., 2023). According to Carney et al. (2016) and Dong et al. (2020), teachers’
beliefs strongly influence how they apply new teaching methods and the depth and duration of their appli-
cation. Specifically, teachers’ beliefs, including beliefs about the nature of mathematics and beliefs about
mathematics teaching and learning, play the role of contextual filters through which teachers categorize
instructional practices (Aljaberi and Gheith, 2018; Lui and Bonner, 2016), interpret their experiences,
shape their interactions with students, and conduct instructional activities in the classroom (Aljaberi and
Gheith, 2018; Yang et al., 2023; Wadanambi and Leung, 2019). However, teachers’ beliefs about efficacy
are an important basis for predicting teaching quality, level of cognitive activation, and teacher learning
support (Ekstam et al., 2017). In particular, teachers with high levels of efficacy beliefs often tend to teach
student-centered, make efforts to apply new teaching methods, and support students’ learning at an
individual level (Holzberger et al., 2013; Saadati et al., 2019), as well as flexibility in classroom manage-
ment and lesson design (Temiz and Topeu, 2013), while teachers with conventional beliefs tend to teach
teacher-centered (Saadati et al., 2019). However, some studies still suggest no relationship between
teachers’ beliefs and instructional practices (Wilkins, 2008; as cited in Guler and Celik, 2023).

This systematic review investigates the relationships among three core constructs in mathemat-
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ics education: knowledge, beliefs, and instructional practices among pre-service teachers and in-service
teachers. The study synthesizes evidence from relevant studies published from 2015 to 2023. The follow-
ing research questions defined the study’s focus.
1. What are the essential characteristics of the included studies, such as year of publication, coun-
try, and research subjects (pre-service or in-service mathematics teachers)?

What research methods are used in the included studies?

What is the relationship between teachers’ knowledge and beliefs?

What is the relationship between teachers’ knowledge and instructional practices?
What is the relationship between teachers’ beliefs and instructional practices?

ISANE o N

Materials and methods

Design

To answer the above research questions, several different research methods can be used, such as
the research of Nguyen et al. (2020), which uses bibliographic and content analysis methods; research
by Do and Phan et al. (2021), Phan et al. (2022), and Pham et al. (2022) using the bibliometric analysis
method. However, a systematic review effectively synthesizes and summarizes research results on a
specific issue. It is a thorough, transparent process for identifying, evaluating, and synthesizing research
evidence. It helps improve the accuracy of conclusions by considering consistency. Itis summarized in the
results of many studies on the same topic (Juhl and Lund, 2018), conducted methodically or scientifically,
using a pre-designed protocol to collect and synthesize data with the lowest possible level of bias (Hanley
and Cutts, 2013).

This systematic review follows the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines (Moher et al., 2010) to provide an overview of studies on the relationships
among knowledge, beliefs, and instructional practices among pre-service and in-service mathematics
teachers. The following diagram shows the study protocol (see Figure 1).

Y N N
f f [ Methods for
Inclusion criteria Databases for Search terms se?élégin
and exclusion selectin for retrieving Screenine
criteria for studie sg relevant data g
selecting studies studies extraction
L ) L ) |_and analysis )

Figure 1. Protocol for selecting studies

Search methods

The databases were searched until the end of January 2024 to select studies that examined the
relationships among knowledge, beliefs, and instructional practices of pre-service and in-service math-
ematics teachers. Various electronic databases were used, including Google Scholar, Mendeley, Scien-
ceDirect, Scopus, and Taylor and Francis Online. These popular databases were available online and
provided much relevant research on mathematics education. In particular, to limit the number of included
studies and ensure the selection of high-quality studies, we selected studies by checking the Scopus
database. Systematic review studies (Andersen et al., 2022; Hasim et al., 2022) also had a similar data-
base approach. In addition, to limit bias, the authors independently searched the above databases using
predetermined search strings and criteria and performed title screening. , abstract, and full texts based on
those criteria to select for research. After working independently, the authors met to discuss the identified
studies and agreed on the included studies.

The following search strings were used to find relevant studies on the research topic, with the syn-
tax adapted for each database: (mathematics teachers) AND (knowledge), (mathematics teachers) AND
(beliefs), (mathematics teachers) AND (instructional practices), (mathematics teachers) AND (practices),
(mathematics teachers) AND (relationship) AND (knowledge), (beliefs), AND (practices). The search was
limited to peer-reviewed studies published in English from 2015 to 2023.
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Inclusion criteria

Selected studies were studies that met the following criteria: (1) experimental studies or survey
studies, (2) research subjects that were pre-service or in-service mathematics teachers, and (3) examined
the relationships among knowledge, beliefs, and instructional practices of mathematics teachers.

Exclusion criteria

Studies that were not selected fell into the following cases: (1) the research design was not experi-
mental or survey, (2) the research object differed from pre-service and in-service mathematics teachers,
(3) the research results were unrelated to the theme of the relationships among knowledge, beliefs, and
instructional practices of mathematics teachers.

Search results

The database search yielded 163 relevant studies. The Excel platform established a database
of authors, titles, year of publication, country, abstracts, research methods (sample, research design,
instruments), and research results. After removing duplicate studies and selecting titles and abstracts, 65
studies were obtained. The full-text review and eligibility evaluation process was carried out following a
discussion among members, during which 27 studies were excluded. After the study selection process, 38
suitable studies were chosen for analysis in this systematic review. Figure 2 shows the steps for selecting
the included studies according to the PRISMA guidelines.

c
0
=
8
E'E Records |dent|f|ed data bases: —> Dup“cate records removed
c : -
Registers (n=163 =
g g [ ) (n=72)
&
'E Records screened by title and Records excluded
g abstract (n =91) (n=26)
&
)
2
E Full text articles assessed for
=2 eligibility (n = 65) Full text articles excluded
- (n=27)
5 Studies included in review
9 (n=138)
=
o
=

Figure 2. Selection process based on PRISMA (Moher et al., 2010)
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Results

Research question 1: Demographic characteristics of the selected studies

The statistical results for the year of publication of the 38 selected studies are shown in Figure 3. It
can be observed that, from 2015 to 2023, the number of studies published in 2022 and 2023 represents
the highest proportion, with a rate of 21% (8 studies per year), whereas in 2019, 2020, and 2021 the rate
was 11% (4 studies per year). Meanwhile, the number of studies published in 2015-2018 does not exceed
5 per year, representing no more than 10%.

PUBLICATION YEAR
2015
30 2016
10%

2017
8%

2018
5%

2019
10%

2020
11%

Figure 3. Distribution of the publication year

Geographical distribution statistics can be meaningful for practical comparisons of research results
(Andersen et al., 2022; Ashraf et al., 2021). Figure 4 shows the distribution of country affiliations of the
selected studies based on the information from the first author. Statistical results show that many studies
on the relationships among knowledge, beliefs, and instructional practices of mathematics teachers have
been conducted in the United States (11 studies) and China (7 studies). Meanwhile, the number of studies
in other countries is significantly lower. In particular, four studies have been conducted in Germany, three
in Indonesia, two in Turkey, and one in Brazil, Finland, Malta, Norway, the Republic of Korea, Rwanda,
South Africa, Sri Lanka, Taiwan, and Vietnam.

12

10

%] I [=)]
’ @-
" m-
W
®-
M G
‘-
/(-‘6
-
° -
C;‘,) -
.. @
W
> -~
° -
G
& ° N
S O -

A @ A N & &
& & & & Y S <
S T F RN ¥ (9 @ (J
QQ,QOK ¢ S N \(b & -'@b
o \)Q\\
S
X

Figure 4. Geographical Distribution
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The selected studies are experimental or survey studies that aim to clarify the relationships among
the elements of knowledge, beliefs, and instructional practices of pre-service and in-service mathematics
teachers. Therefore, the research subjects of these studies may include in-service teachers or/and/or
pre-service teachers. The statistical results show that the research subjects in these studies are relatively
diverse; however, most studies are conducted with in-service teachers. Specifically, 23 studies were con-
ducted on in-service teachers, 13 on pre-service teachers, and two on research subjects, including both
in-service and pre-service teachers; see Table 1.

Table 1. Participants in the Included Studies

Participants Studies n

In-service teachers  Auslander et al. (2023), Baron (2015), Calleja (2022), Carney et al. (2016), Copur-
Gencturk and Li (2023), De Souza and Lopes (2021), Dong et al. (2020), Gomez Johnson
and Williams (2023), Guler and Celik (2023), Hunt et al. (2023), Jenfen et al. (2022), Li
etal. (2022), Moh'd et al. (2021), Moliner and Alegre (2022), Munter and Correnti (2017),
Munter and Wilhelm (2021), Nguyen and Tran (2023), Suryanti et al. (2022), Thurm and
Barzel (2020), Yang et al. (2021), Yang et al. (2023), Yu et al. (2022), Zhang (2022)

23

Pre-service teachers  Dunekacke et al. (2016), Ekstam et al. (2017), Guler and Celik (2018), Kaspersen et al.
(2017), Kim (2018), Lin (2022), Lo (2023), Makamure and Jita (2019), Muhtarom et al. (2019), 13
Purnomo et al. (2016), Rakes et al. (2022), Wadanambi and Leung (2019), Yang et al. (2020)

Both Baier et al. (2019), Lui and Bonner (2016) 2

Research question 2: Research methods of the selected studies

The selected studies use various research designs to investigate the relationships among math-
ematics teachers’ knowledge, beliefs, and instructional practices, including experimental, case study, and
survey designs (see Figure 5). In addition to the advantages of experimental research with longitudinal
data sets and survey research being possible with sufficiently large sample sizes, the use of case studies
allows the review, observation, and analysis of relevant real-life conditions in researching the relationships
among elements of teachers’ knowledge, beliefs, and instructional practices (Calleja, 2022; Yang et al.,
2023). The statistical results show that 14 of the 38 selected studies were experimental, 14 were surveys,
and 12 were case studies.

Survey

Case study

Experimental study

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Figure 5. Research designs of the included studies

According to Figure 6, the selected studies employ a range of research methods, including quanti-
tative, qualitative, and mixed-methods approaches. Consequently, 21% of the selected studies are quali-
tative, 36% are quantitative, and 43% are mixed methods studies.

www.ijcrsee.com
218


www.ijcrsee.com

Nguyen, T. T. et al. (2026). The Relationships among Knowledge, Beliefs, and Instructional Practices of Pre-Service and In-
Service Mathematics Teachers: A Systematic Review, International Journal of Cognitive Research in Science, Engineering and
Education (IJCRSEE), 14(2), 211-229.

Quantitative

Mixed- m;;b/:d
methods
43%

Figure 6. Research methods of the included studies.

The selected studies involve research subjects, including pre-service and in-service mathematics
teachers, and sample sizes vary across studies depending on the research design. The statistical results
show that 10 studies have sample sizes of less than 20, most of which are case studies. Meanwhile, the
remaining 28 studies, 11 with sample sizes greater than 200, are surveyed and experimental. The study
with the smallest sample size was conducted by Purnomo et al. (2016) with 1 participant, and the study
with the largest sample size was carried out by Carney et al. (2016) with 3933 participants.

The selected studies use various assessment instruments to evaluate the relationships among
pre-service and in-service mathematics teachers’ knowledge, beliefs, and instructional practices, includ-
ing tests, surveys, interviews, observations, and other instruments. According to Table 2, surveys are
used by most studies (25 studies, accounting for 65.79%) due to their ability to be implemented with
a reasonably large sample size and their suitability for surveying teachers’ knowledge and beliefs. Ad-
ditionally, tests (12 studies, 31.58%), interviews (14 studies, 36.84%), and observations, either direct or
via video recordings (15 studies, 39.47%), are used in many studies, especially in experimental research
and case studies. Furthermore, in some selected studies, other assessment instruments are also used,
such as reflective journals, field notes, lesson plans (Baier et al., 2019; Baron, 2015; Suryanti et al.,
2022), reported lessons, course content, task forms (Yang et al., 2023), and drawings (Lin, 2021), to
evaluate teachers’ instructional beliefs and practices.

Table 2. Instruments Used in the Included Studies

Instruments  Included studies n %

Tests Auslander et al. (2023), Baier et al. (2019), Dunekacke et al. (2016), Ekstam et al. (2017),
Guler and Celik (2018), JenRen et al. (2022), Munter and Correnti (2017), Munter and Wilhelm 12 31.58
(2021), Rakes et al. (2022), Thurm and Barzel (2020), Yang et al. (2020), Yang et al. (2021)

Survey Auslander et al. (2023), Calleja (2022), Carney et al. (2016), Copur-Gencturk and Li
(2023), De Souza and Lopes (2021), Dong et al. (2020), Dunekacke et al. (2016), Ekstam
et al. (2017), Gomez Johnson and Williams (2023), Guler and Celik (2023), Hunt et al.
(2023), JenRen et al. (2022), Kaspersen et al. (2017), Lui and Bonner (2016), Makamure 25 65.79
and Jita (2019), Moh'd et al. (2021), Moliner and Alegre (2022), Munter and Correnti
(2017), Munter and Wilhelm (2021), Suryanti et al. (2022), Thurm and Barzel (2020),
Wadanambi and Leung (2019), Yang et al. (2020), Yu et al. (2022), Zhang (2022)

Interview Auslander et al. (2023), Calleja (2022), Kaspersen et al. (2017), Kim (2018), Makamure
and Jita (2019), Muhtarom et al. (2019), Munter and Correnti (2017), Munter and Wilhelm
(2021), Nguyen and Tran (2023), Purnomo et al. (2016), Suryanti et al. (2022), Wadan-
ambi and Leung (2019), Yang et al. (2023), Yu et al. (2022)

Observation  Auslander et al. (2023), Baron (2015), Dunekacke et al. (2016), Guler and Celik (2023), Li
etal. (2022), Lui and Bonner (2016), Moh'd et al. (2021), Muhtarom et al. (2019), Munter
and Correnti (2017), Munter and Wilhelm (2021), Nguyen and Tran (2023), Purnomo et al.
(2016), Wadanambi and Leung (2019), Yang et al. (2021), Yang et al. (2023)

Others Baier et al. (2019), Baron (2015), Lin (2021), Suryanti et al. (2022), Yang et al. (2023) 5 13.16

14 36.84

15 3947
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Research question 3: The relationship between mathematics teachers’ knowledge and beliefs

Table 3. Relationship between Mathematics Teachers’ Knowledge and Beliefs

Included studies

There are relationships between teachers’ knowledge and beliefs.

1 Dunekacke et al. (2016): The data show a positive relationship between knowledge and beliefs.

2 Ekstam et al. (2017): Research results show that the relationship between subject knowledge and teacher efficacy
beliefs for instruction was only indirect (via interest).

3 Kim (2018): The research results show that pre-service teachers with confidence in constructivist and student-
centered teaching have a higher understanding of mathematical, pedagogical, and technological knowledge.

4 Lin (2021): The results show that teachers’ beliefs in teacher-centered teaching positively impact content knowl-
edge, while teachers’ beliefs in student-centered teaching impact content knowledge with their pedagogical content
knowledge and positive emotions.

5 Lo (2023): The results show that mathematics teachers’ beliefs about teaching and learning mathematics correlate
with their pedagogical content knowledge to a certain extent.

6 Luiand Bonner (2016): The study shows different relationships between the beliefs and knowledge of two groups
of in-service and pre-service teachers. Specifically, while pre-service teachers’ constructivist teaching beliefs
positively impact their conceptual knowledge, in-service teachers have difficulty forming and developing conceptual
knowledge.

7 Yang (2020): Research results show that pre-service teachers’ beliefs about the nature of mathematics and
constructivist beliefs about mathematics teaching and learning serve as bridges between content knowledge and
pedagogical content knowledge in instructional practices.

There are no relationships between teachers’ knowledge and beliefs.

1 De Souza and Lopes (2021): The research results show that teachers have solid mathematical knowledge and
skills, but are not confident in their ability to apply knowledge in the classroom.

2 Moliner and Alegre (2022): The study shows no relationship between mathematics teachers’ beliefs and knowl-
edge.

Table 3 presents an analysis of studies on the relationship between mathematics teachers’ knowl-
edge and beliefs. Among the nine studies investigating this relationship, seven report a relationship be-
tween teachers’ beliefs and knowledge, and two confirm that this relationship is insignificant. Research by
Ekstam et al. (2017) shows that subject knowledge only has an indirect impact on teacher efficacy beliefs,
whereas pre-service teachers’ personal interests have a significant impact. Specifically, these studies
show that teachers’ content and pedagogical content knowledge significantly influence pre-service and
in-service teachers’ beliefs about teaching and learning mathematics and facilitate changes in these be-
lief structures. This shows that pre-service teachers’ beliefs are subject to change, underscoring the
significance of process- and application-oriented orientations in teacher education (Ekstam et al., 2017).
Meanwhile, studies by Lui and Bonner (2016), Kim (2018), Yang (2020), Lin (2021), and Lo (2023) confirm
the positive effect of beliefs on teachers’ knowledge development and pedagogical content knowledge.
Beliefs about constructivist and student-centered teaching are particularly prevalent (see Table 3). How-
ever, the studies by Moliner and Alegre (2020) and De Souza and Lopes (2021) report different results,
indicating no relationship between mathematics teachers’ knowledge and beliefs.

Research question 4: The relationship between mathematics teachers’ knowledge and
instructional practices

The results of the analysis of selected studies on the relationship between knowledge and instruc-
tional practices of mathematics teachers are shown in Table 4. Of the 18 studies investigating this rela-
tionship, 13 show a relationship between teachers’ knowledge and instructional practices, while 5 show
little to no relationship. Research by authors Baron (2015), Lui and Bonner (2016), Munter and Correnti
(2017), Baier et al. (2019), Muhtarom et al. (2019), Dong et al. (2020), Moliner and Alegre (2022), Rakes
etal. (2022), Yu et al. (2022), Zhang (2022) and Auslander et al. (2023) indicate that teachers’ knowledge,
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including content knowledge, pedagogical content knowledge and general pedagogical knowledge, has
a significant impact on teacher instructional practices related to goals, plans, approaches, and teaching
experiences. Meanwhile, Makamure and Jita (2019) and Nguyen and Tran (2023) argue that changes in
instructional practices can improve content knowledge and pedagogical content knowledge among pre-
service and in-service mathematics teachers. However, some studies by Lui and Bonner (2016), Guler
and Celik (2018), Yang et al. (2020), Moh'd et al. (2021), and Yang et al. (2021) also point out that al-
though there are in-service and pre-service teachers who have solid knowledge, it is not reflected in their
instructional practices, that is, there are some groups of teachers’ knowledge that there is a negligible
relationship with their instructional practices (see Table 4).

Table 4. Relationship between Mathematics Teachers’ Knowledge and Instructional Practices

Included studies
There are relationships between teachers’ knowledge and instructional practices.

1 Auslander et al. (2023): Research results show that mathematics teachers’ content knowledge shapes
instructional practices.

2 Baieretal. (2019): The research results show a significant connection between the pedagogical expertise
and the quality of the instructional practices of mathematics teachers.

Baron (2015): The research results show that knowledge can impact teachers’ instructional practices.

Dong et al. (2020): The research results show that teachers who are knowledgeable about the nature of
pedagogy and methods tend to have fewer difficulties in teaching.

5  Lui and Bonner (2016): The results show a positive relationship between teachers’ conceptual knowledge and
instructional practices, particularly in lesson planning.

6 Makamure and Jita (2019) found that instructional practices contribute to teachers’ development of math-
ematical knowledge.

7 Moliner and Alegre (2020): The study provides statistically significant results on the relationship between
teachers’ knowledge and instructional practices.

8  Muhtarom et al. (2019): Research shows a positive relationship between pre-service teachers’ knowledge and
their instructional practices. In particular, pedagogical content knowledge is demonstrated in each classroom
teaching activity.

9  Munter and Correnti (2017): Research shows a relationship between teachers’ pedagogical content knowl-
edge and the effectiveness of instructional practices in oral and dialogical teaching approaches.

10 Nguyen and Tran (2023): Research shows that teachers’ knowledge changes when curricula are idealized
and upgraded and when these ideals are applied in instructional practices.

11 Rakes et al. (2022): Research shows that pre-service teachers’ instructional practices become more effective
after participating in a conceptual knowledge development course.

12 Yuetal. (2022): Research shows that teachers’ instructional practices are positively influenced by pedagogi-
cal content knowledge, general pedagogical knowledge, and cross-curricular teaching expertise.

13 Zhang (2022): Research shows that teachers with varying levels of professional knowledge have distinct
teaching goals and instructional approaches.

There are no relationships between teachers’ knowledge and instructional practices

1 Guler and Celik (2018): Research results show that although pre-service teachers have strong content know!-
edge, they do not connect it to instructional practices when explaining concepts to students.

2 Luiand Bonner (2016): The results do not show a clear relationship between teachers’ procedural knowledge
and instructional practices.

3 Moh'd et al. (2021): The research results show that the teachers’ pedagogical content knowledge is not
reflected in their instructional practices.

4 Yang et al. (2020): Research shows that teachers’ content and pedagogical content knowledge do not cor-
relate with their instructional practices.

5 Yangetal. (2021): Research shows that teachers’ knowledge of teaching topics and their ability to observe
instructional practices do not correlate significantly.
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Research question 5: The relationship between mathematics teachers’ beliefs and instruc-
tional practices

Regarding the relationship between mathematics teachers’ beliefs and instructional practices, the
results of the selected studies’ analyses are shown in Table 5. Of the 18 studies examining this relation-
ship, 14 report a link between teachers’ beliefs and instructional practices, and 4 find it insignificant. Re-
search results by authors Lui and Bonner (2016), Purnomo et al. (2016), Wadanambi and Leung (2019),
Dong et al. (2020), Thurm and Barzel (2020), Yang et al. (2020), Calleja (2022), Li et al. (2022), Zhang
(2022), Gomez Johnson and Williams (2023), Hunt et al. (2023), Nguyen and Tran (2023) and Yang et al.
(2023) show that teachers’ beliefs about the nature of mathematics, as well as about teaching and learning
mathematics, have a positive impact on their instructional practices, as reflected in their teaching goals
and choices of teaching methods. On the other hand, the studies by Kaspersen et al. (2017), Baier et al.
(2019), Auslander et al. (2023), and Guler and Celik (2023) argue that the relationship between teachers’
beliefs and their instructional practices is relatively weak, as shown by the fact that although survey results
show that many teachers have deep mathematical beliefs, their instructional practices do not reflect that.

Table 5. Relationship between Mathematics Teachers’ Beliefs and Instructional Practices

Included studies
There are relationships between teachers’ beliefs and instructional practices.

1 Calleja (2022): Research shows that changes in teachers’ beliefs are correlated with changes in their instruc-
tional practices.

Dong et al. (2020): The study results show that teachers’ beliefs strongly influence instructional practices.

Gomez, Johnson, and Williams (2023): Research shows that teachers’ beliefs impact the effectiveness of their
instructional practices.

4 Huntetal. (2023): The quantitative analysis results show that changes in teachers’ beliefs strengthen their
orientation toward instructional practices.

Li et al. (2022): Research shows consistency between teachers’ beliefs and instructional practices to a certain extent.

Lui and Bonner (2016): Research shows that teachers revert to their original beliefs while transitioning from
theory to practice.

Muhtarom et al. (2019): Research shows a relationship between teachers’ beliefs and instructional practices.
Nguyen and Tran (2023): Research shows that instructional practices can reflect teachers’ beliefs.

Purnomo et al. (2016): Research shows that teachers’ beliefs about the nature of mathematics significantly
influence their teaching.

10  Thurm and Barzel (2020): Research shows that teachers’ positive beliefs influence their teaching methods,
including discovery-based methods.

11 Wadanambi and Leung (2019): Research shows that teachers’ professional beliefs encourage them to choose
flexible instructional practices.

12 Yang et al. (2020): Research shows that teachers’ beliefs are consistently linked to their instructional practices.
13 Yang et al. (2023): Research shows that teachers’ beliefs about mathematics teaching significantly influence

14 Zhang (2022): Research shows that teachers with varying levels of belief have distinct teaching goals and
instructional approaches.

There are no relationships between teachers’ beliefs and instructional practices.

1 Auslander et al. (2023): Research indicates that beliefs play a minimal role in shaping teachers’ instructional
practices.

2 Baieretal. (2019): Research shows that teachers with high constructivist teaching beliefs do not achieve
higher ratings for their instructional practices.

3 Guler and Celik (2023): Research shows that the relationship between teachers’ beliefs and instructional
practices is very weak or insignificant, making it difficult to conclude that a linear relationship exists between
the two factors.

4 Kaspersen et al. (2017): Research shows a relatively weak relationship between teachers’ beliefs and instruc-
tional practices.

www.ijcrsee.com
222


www.ijcrsee.com

Nguyen, T. T. et al. (2026). The Relationships among Knowledge, Beliefs, and Instructional Practices of Pre-Service and In-
Service Mathematics Teachers: A Systematic Review, International Journal of Cognitive Research in Science, Engineering and
Education (IJCRSEE), 14(2), 211-229.

Discussion

Following PRISMA guidelines, this systematic review was conducted to answer the above research
questions and clarify the relationships among pre-service and in-service mathematics teachers’ know!-
edge, beliefs, and instructional practices.

The first research question examines the fundamental characteristics of the included studies, in-
cluding year of publication, country, and research subjects. Consequently, between 2015 and 2023, the
number of studies published in 2021 and 2023 represents the highest proportion. This shows that in re-
cent years, educational researchers have paid considerable attention to improving the quality of teacher
education by examining the relationships among knowledge, beliefs, attitudes, and instructional practices.
This observation is consistent with the results concluded in studies (Depaepe et al., 2020; Hasim et al.,
2022). Furthermore, the statistical results show that the studies’ geographical distribution is relatively
widespread, with studies conducted in nations across most of the world. The two countries with the most
studies are the United States and China. The research subjects in the selected studies were pre-service or
in-service math teachers. Statistical results show that the research subjects in these studies are relatively
diverse; however, most (23) were conducted on in-service teachers, and two studies were conducted on
pre-service and in-service math teachers. Research on in-service teachers yields meaningful insights into
teacher pedagogical training, while research on pre-service teachers informs the design of math teacher
training programs at pedagogical universities. By clarifying the relationships between in-service and pre-
service teachers’ knowledge, beliefs, and instructional practices, educators can adjust training content or
training programs to improve teachers’ knowledge, beliefs, and teaching quality (Heck et al., 2019).

The second research question examines the research methods used in the included studies. In
particular, the included studies used research designs including experimental (14 studies), case study
(12 studies), and survey (14 studies). In addition to the advantages of experimental research with longi-
tudinal data sets and survey research that can be conducted with sufficiently large sample sizes, case
studies allow the examination, observation, and analysis of conditions. Practical facts are relevant in
studying the relationships among teachers’ knowledge, beliefs, and instructional practices (Calleja, 2022;
Nkundabakura et al., 2022; Yang et al., 2023). Furthermore, the findings show that study sample sizes
differ significantly across research designs, ranging from 1 in a case study to 3933 in a survey study. The
included studies have also used various research methods to collect and analyze data, including mixed-
methods approaches. In particular, data from the studies were collected through a variety of instruments,
including surveys (65.79%), tests (31.58%), interviews (36.84%), observations directly or through record-
ing videos (39.47%), and other instruments such as reflective journals, field notes, lesson plans, reported
lessons, course content, task forms, and drawing (13.16%) to assess teachers’ knowledge, beliefs, and
instructional practices. Thus, using different research methods across subjects yields inconsistent results.
Therefore, new research methods are required, such as studying a broader range of subjects and using
larger sample sizes to clarify the rules.

The remaining research questions examine the relationships among pre-service and in-service
mathematics teachers’ knowledge, beliefs, and instructional practices. Regarding Question 3, the stud-
ies by Dunekacke et al. (2016), Lui and Bonner (2016), Ekstam et al. (2017), Kim (2018), Yang (2020),
Lin (2021), and Lo (2023) confirm the positive impact of teacher knowledge and beliefs. Specifically, in
these studies, teachers’ content and pedagogical content knowledge significantly influence their beliefs
about mathematics teaching and learning and facilitate favorable conditions for change in these belief
structures. This result is similar to the conclusions made in other studies (Abdul Rahman et al., 2019;
Pagiling and Taufik, 2022). This emphasizes the significance of process and application-related orienta-
tions in teacher education by demonstrating that pre-service and in-service math teachers’ beliefs can be
altered (Ekstam et al., 2017). On the other hand, studies by Mapolelo and Akinsola (2015), Moliner and
Alegre (2022), and De Souza and Lopes (2021) present different results, showing no relationship between
mathematics teachers’ knowledge and beliefs when teachers hold transmission or conventional beliefs.

For Question 4, research by authors Baron (2015), Lui and Bonner (2016), Munter and Correnti
(2017), Baier et al. (2019), Muhtarom et al. (2019), Dong et al. (2020), Moliner and Alegre (2022), Rakes
etal. (2022), Yu et al. (2022), Zhang (2022) and Auslander at al. (2023) point out that teachers’ knowledge,
including content knowledge, pedagogical content knowledge, and general pedagogical knowledge, has a
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significant impact on their instructional practices, while Makamure and Jita (2019) and Nguyen and Tran
(2023) argue that changes in instructional practices contribute to improving pre-service and in-service math-
ematics teachers’ content knowledge and pedagogical content knowledge. The studies by Mapolelo and
Akinsola (2015) and Savuran and Isiksal-Bostan (2022) also show similar results. However, some studies
by Lui and Bonner (2016), Guler and Celik (2018), Yang et al. (2020), Moh'd et al. (2021), and Yang et al.
(2021) also point out that although there are pre-service and in-service teachers who have solid knowledge,
it is not reflected in their instructional practices. For pre-service mathematics teachers, enhancing instruc-
tional practices during training contributes to the development of their knowledge and teaching skills.

Regarding Question 5, the research results of the authors Lui and Bonner (2016), Purnomo et al.
(2016), Wadanambi and Leung (2019), Dong et al. (2020), Thurm and Barzel (2020), Yang et al. (2020),
Calleja (2022), Li et al. (2022), Zhang (2022), Gomez Johnson and Williams (2023), Hunt et al. (2023),
Nguyen and Tran (2023) and Yang et al. (2023) demonstrate that teachers’ beliefs about the nature of
mathematics, as well as teaching and learning mathematics, influence their instructional practices posi-
tively. Specifically, teachers with high efficacy beliefs tend to teach in a student-centered manner, while
teachers with conventional beliefs tend to instruct in a teacher-centered manner. This finding is consistent
with Aljaberi and Gheith (2018) and Saadati et al. (2019). However, the studies by Kaspersen et al. (2017),
Baier et al. (2019), Auslander et al. (2023), and Guler and Celik (2023) argue that the relationship between
teachers’ beliefs and their instructional practices is relatively weak, expressed through their instructional
practices, and does not reflect teachers’ beliefs. Alburo (2019) also finds similar results in his study. Most
research studies conclude that teachers’ beliefs influence their instructional practices. However, it is nec-
essary to clarify the specific contexts, conditions, or causes beyond pre-service and in-service mathemat-
ics teachers’ beliefs about the nature of mathematics or about mathematics teaching that can impact their
instructional practices.

The research results partly suggest that changes in mathematics teachers’ knowledge and be-
liefs can impact their instructional practices. In-service math teachers should receive support for their
long-term professional development, and pre-service math teachers should receive training. According
to Alburo (2019), appropriate and periodic training and retraining aim to improve teachers’ competen-
cies, create a constructive learning environment, reduce teaching pressure, and enhance mathematics
teachers’ ability to develop teaching materials that are contextually, locally, and culturally appropriate.
Reorienting teachers’ pedagogical beliefs and instructional practices can benefit from this. The teachers
have probably benefited from long-term professional development and opportunities to teach in a profes-
sional learning community and to watch one another in action. They have used this to create a creative
environment where they can reflect individually and collectively on teaching and learning mathematics
from various perspectives (Baron, 2015). In addition, the inconsistency in conclusions about a relationship
between the knowledge, beliefs, and instructional practices of pre-service and in-service mathematics
teachers has motivated some proposals to examine other factors that may influence this relationship.
Specifically, Lui and Bonner (2016) argue that school and classroom norms, routines, obligations, and
resources affect teachers’ instructional practices. Therefore, stakeholders in mathematics education can
consider and take measures to ensure the harmony between these factors and the instructional practices
of in-service mathematics teachers (Lui and Bonner, 2016), as well as ensure recognition of pre-service
mathematics teachers’ deep knowledge and beliefs about mathematics, as these factors can influence
their instructional practices (Mapolelo and Akinsola, 2015; Ramos-Rodriguez et al., 2021).

In addition to the results obtained, this study also has some limitations. First, the limitation of the
databases used to identify relevant studies is that they include a relatively small number of studies. Con-
sequently, certain conclusions might not be as representative or broadly applicable. Second, the study
uses qualitative analysis and descriptive statistics instead of quantitative results. The analysis tool is
highly accurate and can limit bias. However, a qualitative instrument is appropriate for the present study,
given the 38 selected studies and their relatively diverse research objectives. Furthermore, although the
themes used to analyze the studies are specified, this study does not clarify the intervention measures
used in the included studies. Researchers studying the development of teachers’ knowledge, beliefs, and
instructional practices may find these results useful if implemented.

This study’s findings and limitations suggest new research directions for future systematic reviews.
While many studies confirmed that mathematics teachers’ knowledge influences their practice, others
highlighted a disconnect where solid knowledge did not translate into enacted practice. Future research
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should move beyond identifying if a relationship exists and instead investigate why this gap occurs. On
the other hand, this review identified that school norms, routines, and available resources often moderate
the relationship between a teacher’s beliefs and their instructional choices. Future studies should employ
socio-cultural frameworks to examine how specific environmental factors constrain or support teachers in
enacting their beliefs. Explicitly comparing urban, rural, and high- and low-resource environments might
be a research direction worth considering. Additionally, many studies have confirmed the positive impact
of online learning on pre-service and mathematics teachers’ beliefs (Hunt et al., 2023; Thurm and Barzel,
2020). Therefore, the study recommends future studies investigating the effects of teacher education
and development on online platforms on changes in their knowledge, beliefs, and instructional practices.
Furthermore, empirical studies on the relationships among knowledge, beliefs, and instructional practices
of mathematics teachers should be conducted for a sufficient period to observe changes in these factors
(Lui and Bonner, 2016; Nkundabakura et al., 2022). Therefore, longitudinal studies on this topic are nec-
essary. Regarding the research design, new systematic review studies can (1) expand the scope of the
database when searching for relevant studies and (2) conduct quantitative studies or use mixed research
methods, such as combining content analysis and biometric analysis (Nguyen et al., 2020). In terms of
the research content, new studies can (3) focus on researching one of the relationships among teachers’
knowledge, beliefs, and instructional practices, (4) analyze research whose participants are entirely pre-
service mathematics teachers or in-service mathematics teachers, and (5) analyze intervention methods
of experimental research on teachers’ knowledge, beliefs, and instructional practices.

Conclusion

This systematic review study examined the relationships among knowledge, beliefs, and instruc-
tional practices of pre-service and in-service mathematics teachers by analyzing 38 included studies. The
analysis results show that 2021-2023 represents the highest proportion of research on this topic and is
carried out in many different countries worldwide, most notably the United States and China. Besides,
various research designs, such as experiments, case studies, and survey studies, have been conducted
with different sample sizes (as few as one and as many as 3933), including in-service and/or pre-service
mathematics teachers. Data have been collected and analyzed qualitatively and/or quantitatively in the
included studies to evaluate the relationships among these factors. Various instruments have been used,
including tests, surveys, interviews, direct observations, video recordings, reflective journals, field notes,
lesson plans, reported lessons, course materials, task forms, and drawings.

More importantly, the findings show that the included studies have different conclusions about the
relationships among pre-service and in-service mathematics teachers’ knowledge, beliefs, and instruc-
tional practices. In particular, the majority of research shows that (1) content knowledge, pedagogical con-
tent knowledge, and general pedagogical knowledge of pre-service and in-service mathematics teachers
affect their beliefs and the quality of teaching in the classroom, and their instructional practices, (2) their
beliefs about constructivist and student-centered teaching have a positive impact on their goals, plans,
and choices of teaching approaches, and (3) conversely, instructional practices promote the development
of teachers’ knowledge reflects, and enhances their beliefs. However, the proportion of studies finding
the relationship among these factors to be insignificant remains relatively low. In addition to the results,
the study proposes several recommendations for training and developing both pre-service and in-service
mathematics teachers, identifies some limitations of this systematic review, and suggests new research
directions for future related research.

Acknowledgements
The authors would like to thank NAFOSTED for its valuable support.

Funding

This research is funded by Vietnam National Foundation for Science and Technology Development
(NAFOSTED) under grant number 503.01-2023.04.

www.ijcrsee.com
225


www.ijcrsee.com

Nguyen, T. T. et al. (2026). The Relationships among Knowledge, Beliefs, and Instructional Practices of Pre-Service and In-
Service Mathematics Teachers: A Systematic Review, International Journal of Cognitive Research in Science, Engineering and
Education (IJCRSEE), 14(2), 211-229.

Conflict of interests
The authors declare that there is no conflict of interest.

Data availability statement
On request, the authors will provide data generated or analyzed during this study.

Author Contributions

Conceptualization: Tien-Trung Nguyen and Duong Huu Tong; methodology: Duong Huu Tong; soft-
ware: Hoang Thi Nga; validation: Tien-Trung Nguyen, Duong Huu Tong and Chi Thanh Nguyen; formal
analysis: Le Thai Bao Thien Trung; investigation: Hoang Thi Nga; resources: Duong Huu Tong; data
curation: Hoang Thi Nga; writing—original draft preparation: Duong Huu Tong; writing—review and edit-
ing: Tien-Trung Nguyen; visualization: Le Thai Bao Thien Trung; supervision: Chi Thanh Ngu-yen; project
administration: Tien-Trung Nguyen; funding acquisition: Tien-Trung Nguyen. All authors have read and
agreed to the published version of the manuscript.

References

Abdul Rahman, M. N., Syed Zamri, S. N. A., & Leong, K. E. (2019). Modelling opportunities to learn, mathematical belief and
knowledge for teaching among pre-service teachers. Eurasia Journal of Mathematics, Science and Technology Educa-
tion, 15(7), em1724. https://doi.org/10.29333/ejmste/106228

Alburo, F. G. (2019). Mathematics teachers’ pedagogical beliefs and practices: Does being “conventional or constructivist mat-
ter?” The Normal Lights, 13(1), 83-107. https://doi.org/10.56278/tnl.v13i1.1236

Aljaberi, N., & Gheith, E. (2018). In-service mathematics teachers’ beliefs about teaching, learning and nature of mathe-
matics and their mathematics instructional practices. Journal of Education and Learning, 7(5), 156-173. https://doi.
org/10.5539/jel.v7n5p156

Andersen, B. L., Jgrng, R. L., & Nortvig, A. M. (2022). Blending adaptive learning technology into nursing education: A scoping
review. Contemporary Educational Technology, 14(1), ep333. https://doi.org/10.30935/cedtech/11370

Ashraf, M. A,, Yang, M., Zhang, Y., Denden, M., Tlili, A., Liu, J., Huang, R., & Burgos, D. (2021). A systematic review of sys-
tematic reviews on blended learning: Trends, gaps and future directions. Psychology Research and Behavior Manage-
ment, 14, 1525-1541. hitps://doi.org/10.2147/PRBM.S331741

Auslander, S. S., Myers, K. D., Bingham, G. E., & Tanguay, C. L. (2023). Exploring the pedagogical practices of seasoned
elementary mathematics teachers and connections with their content knowledge and beliefs. School Science and
Mathematics, 123(4-5), 168-183. https://doi.org/10.1111/ssm.12591

Baier, F., Decker, A. T., Voss, T., Kleickmann, T., Klusmann, U., & Kunter, M. (2019). What makes a good teacher? The relative
importance of mathematics teachers’ cognitive ability, personality, knowledge, beliefs, and motivation for instructional
quality. British Journal of Educational Psychology, 89(4), 767-786. https://doi.org/10.1111/bjep.12256

Balanlay, M. C. D. (2021). Constructivist teachers beliefs, instructional practices and students’ mathematics performance. Asian
Research Journal of Mathematics, 45-58. https://doi.org/10.9734/arjom/2021/v17i130264

Baron, L. M. (2015). “True to Myself": Transforming secondary mathematics teachers’ beliefs and practices. International Jour-
nal of Education in Mathematics, Science and Technology, 3(3), 193. https://eric.ed.gov/?id=EJ1066368

Baumert, J., Kunter, M., Blum, W., Brunner, M., Voss, T., Jordan, A., Klusmann, U., Krauss, S., Neubrand, M., & Tsai, Y.-M.
(2010). Teachers’ mathematical knowledge, cognitive activation in the classroom, and student progress. American
Educational Research Journal, 47(1), 133-180. https://doi.org/10.3102/0002831209345157

Beswick, K. (2012). Teachers’ beliefs about school mathematics and mathematicians’ mathematics and their relationship to
practices. Educational Studies in Mathematics, 79, 127-147. https://doi.org/10.1007/s10649-011-9333-2

Blomeke, S., & Delaney, S. (2012). Assessment of teacher knowledge across countries: A review of the state of research. ZDM
Mathematics Education, 44(3), 223-247. https://doi.org/10.1007/s11858-012-0429-7

Blémeke, S., & Kaiser, G. (2014). Theoretical framework, study design and main results of TEDS-M. In S. Bldmeke, F.-J. Hsieh,
G. Kaiser, & W. H. Schmidt (Eds.), International perspectives on teacher knowledge, beliefs and opportunities to learn:
TEDS-M results (pp. 19-47). Dordrecht: Springer Netherlands.

Cai, J., & Howson, G. (2013). Toward an international mathematics curriculum. In M. A. K. Clements, A. J. Bishop, C. Keitel, J. Kilpatrick,
&F. K. S. Leung (Eds.), Third International Handbook of Mathematics Education (pp. 949-974). New York: Springer.

Calleja, J. (2022). Changes in mathematics teachers’ self-reported beliefs and practices over the course of a blended con-
tinuing professional development programme. Mathematics Education Research Journal, 34(4), 835-861. https://doi.
0rg/10.1007/s13394-021-00366-x

www.ijcrsee.com
226


www.ijcrsee.com
https://doi.org/10.29333/ejmste/106228
https://doi.org/10.56278/tnl.v13i1.1236
https://doi.org/10.5539/jel.v7n5p156
https://doi.org/10.5539/jel.v7n5p156
https://doi.org/10.30935/cedtech/11370
https://doi.org/10.2147/PRBM.S331741
https://doi.org/10.1111/ssm.12591
https://doi.org/10.1111/bjep.12256
https://doi.org/10.9734/arjom/2021/v17i130264
https://eric.ed.gov/?id=EJ1066368
https://doi.org/10.3102/0002831209345157
https://doi.org/10.1007/s10649-011-9333-2
https://doi.org/10.1007/s11858-012-0429-7
https://doi.org/10.1007/s13394-021-00366-x
https://doi.org/10.1007/s13394-021-00366-x

Nguyen, T. T. et al. (2026). The Relationships among Knowledge, Beliefs, and Instructional Practices of Pre-Service and In-
Service Mathematics Teachers: A Systematic Review, International Journal of Cognitive Research in Science, Engineering and
Education (IJCRSEE), 14(2), 211-229.

Carney, M. B., Brendefur, J. L., Thiede, K., Hughes, G., & Sutton, J. (2016). Statewide mathematics professional de-
velopment; Teacher knowledge, self-efficacy, and beliefs. Educational Policy, 30(4), 539-572. https://doi.
org/10.1177/0895904814550075

Copur-Gencturk, Y., & Li, J. (2023). Teaching matters: A longitudinal study of mathematics teachers’ knowledge growth. Teach-
ing and Teacher Education, 121, 103949. https://doi.org/10.1016/j.tate.2022.103949

De Souza, G. F,, & Lopes, P. T. C. (2021). The perspective of public school mathematics teachers on their knowledge and instruc-
tional practices in connection with the BNCC. Acta Scientiae, 23(6), 93-120. https://doi.org/10.17648/acta.scientiae.6839

Depaepe, F., & Kodnig, J. (2018). General pedagogical knowledge, self-efficacy and instructional practices: Disentangling their relation-
ship in pre-service teacher education. Teaching and Teacher Education, 69, 177-190. https://doi.org/10.1016/j.tate.2017.10.003

Depaepe, F., Verschaffel, L., & Star, J. (2020). Expertise in developing students’ expertise in mathematics: Bridging teach-
ers’ professional knowledge and instructional quality. ZDM - Mathematics Education, 52(2), 179-192. https://doi.
org/10.1007/s11858-020-01148-8

Do, T. T, Phan, T. T, Tran, T. H. G., Bui, M. D., Pham, T. O., Nguyen, L. V. A., & Nguyen, T. T. (2021). Research on lifelong
learning in Southeast Asia: A bibliometrics review between 1972 and 2019. Cogent Education, 8(1), 1994361. https:/
doi.org/10.1080/2331186X.2021.1994361

Do, T. T,, Hoang, K.C., Do, T., Trinh, TP.T., Nguyen, D.N., Tran, T, Le, T.T.B.T., Nguyen, T.C., & Nguyen, T. T.(2021). Factors in-
fluencing teachers’ intentions to use realistic mathematics education in Vietham: An extension of the theory of planned
behavior. Journal on Mathematics Education, 12(2), 331-348. https://eric.ed.gov/?id=EJ1313715

Dong, Y., Wang, J., Yang, Y., & Kurup, P. M. (2020). Understanding intrinsic challenges to STEM instructional practices for
Chinese teachers based on their beliefs and knowledge base. International Journal of STEM Education, 7(1). https://
doi.org/10.1186/s40594-020-00245-0

Dunekacke, S., JenRen, L., Eilerts, K., & Blomeke, S. (2016). Epistemological beliefs of prospective preschool teachers and
their relation to knowledge, perception, and planning abilities in the field of mathematics: a process model. ZDM - Math-
ematics Education, 48(1-2), 125-137. https://doi.org/10.1007/s11858-015-0711-6

Ekstam, U., Korhonen, J., Linnanmaki, K., & Aunio, P. (2017). Special education pre-service teachers’ interest, subject
knowledge, and teacher efficacy beliefs in mathematics. Teaching and Teacher Education, 63, 338-345. https://doi.
org/10.1016/j.tate.2017.01.009

Felbrich, A., Kaiser, G., & Schmotz, C. (2012). The cultural dimension of beliefs: An investigation of future primary teachers’
epistemological beliefs concerning the nature of mathematics in 15 countries. ZDM Mathematics Education, 44(3),
355-366. https://doi.org/10.1007/s11858-012-0418-x

Gomez Johnson, K., & Williams, T. (2023). Mathematics instructional leadership. Journal of School Administration Research
and Development, 8(1), 1-12. https://doi.org/10.32674/jsard.v8i1.3692

Guler, M., & Celik, D. (2018). How well prepared are the teachers of tomorrow? An examination of prospective mathematics
teachers’ pedagogical content knowledge. International Journal of Mathematical Education in Science and Technol-
ogy, 50(1), 82-99. https://doi.org/10.1080/0020739X.2018.1472821

Guler, M., & Celik, D. (2023). Are beliefs believable? An investigation of novice mathematics teachers’ beliefs and instructional prac-
tices. European Journal of Science and Mathematics Education, 11(3), 410-426. https://doi.org/10.30935/scimath/12905

Hanley, T., & Cutts, L. (2013). What s a systematic review? Counselling Psychology Review, 28(4), 3-6. https://doi.org/10.53841/
bpscpr.2013.28.4.3

Hasim, S. M., Rosli, R., Halim, L., Capraro, M. M., & Capraro, R. M. (2022). STEM professional development activities and
their impact on teacher knowledge and instructional practices. Mathematics, 10(7), 1109. https://doi.org/10.3390/
math10071109

Heck, D. J., Plumley, C. L., Stylianou, D. A., Smith, A. A., & Moffett, G. (2019). Scaling up innovative learning in mathematics:
exploring the effect of different professional development approaches on teacher knowledge, beliefs, and instructional
practices. Educational Studies in Mathematics, 102(3), 319-342. https://doi.org/10.1007/s10649-019-09895-6

Hogan, D., Chan, M., Rahim, R., Kwek, D., Maung Aye, K., Loo, S. C., Sheng, Y. Z., & Luo, W. (2013). Assessment and the
logic of instructional practices in Secondary 3 English and mathematics classrooms in Singapore. Review of Education,
1(1), 57-106. https://doi.org/10.1002/rev3.3002

Holzberger, D., Philipp, A., & Kunter, M. (2013). How teachers’ self-efficacy is related to instructional quality: A longitudinal
analysis. Journal of Educational Psychology, 105(3), 774-786. https://doi.org/10.1037/a0032198

Hunt, J., Duarte, A., Miller, B., Bentley, B., Albrecht, L., & Kruse, L. (2023). Teacher beliefs and perspectives of practices: im-
pacts of online professional learning. Education Sciences, 13(1), 68. https://doi.org/10.3390/educsci13010068

JenBen, L., Dunekacke, S., Eid, M., Szczesny, M., Pohle, L., Koinzer, T., ... Blémeke, S. (2022). From teacher education to
practices: Development of early childhood teachers’ Knowledge and beliefs in mathematics. Teaching and Teacher
Education, 114, 103699. https://doi.org/10.1016/j.tate.2022.103699

Juhl, C. B., & Lund, H. (2018). Do we really need another systematic review? British Journal of Sports Medicine, 52(22), 1408-
1409. https://doi.org/10.1136/bjsports-2018-099832

www.ijcrsee.com
227


www.ijcrsee.com
https://doi.org/10.1177/0895904814550075
https://doi.org/10.1177/0895904814550075
https://doi.org/10.1016/j.tate.2022.103949
https://doi.org/10.17648/acta.scientiae.6839
https://doi.org/10.1016/j.tate.2017.10.003
https://doi.org/10.1007/s11858-020-01148-8
https://doi.org/10.1007/s11858-020-01148-8
https://doi.org/10.1080/2331186X.2021.1994361
https://doi.org/10.1080/2331186X.2021.1994361
https://eric.ed.gov/?id=EJ1313715
https://doi.org/10.1186/s40594-020-00245-0
https://doi.org/10.1186/s40594-020-00245-0
https://doi.org/10.1007/s11858-015-0711-6
https://doi.org/10.1016/j.tate.2017.01.009
https://doi.org/10.1016/j.tate.2017.01.009
https://doi.org/10.1007/s11858-012-0418-x
https://doi.org/10.32674/jsard.v8i1.3692
https://doi.org/10.1080/0020739X.2018.1472821
https://doi.org/10.30935/scimath/12905
https://doi.org/10.53841/bpscpr.2013.28.4.3
https://doi.org/10.53841/bpscpr.2013.28.4.3
https://doi.org/10.3390/math10071109
https://doi.org/10.3390/math10071109
https://doi.org/10.1007/s10649-019-09895-6
https://doi.org/10.1002/rev3.3002
https://doi.org/10.1037/a0032198
https://doi.org/10.3390/educsci13010068
https://doi.org/10.1016/j.tate.2022.103699
https://doi.org/10.1136/bjsports-2018-099832

Nguyen, T. T. et al. (2026). The Relationships among Knowledge, Beliefs, and Instructional Practices of Pre-Service and In-
Service Mathematics Teachers: A Systematic Review, International Journal of Cognitive Research in Science, Engineering and
Education (IJCRSEE), 14(2), 211-229.

Kaiser, G., Blomeke, S., Koenig, J., Busse, A., Doehrmann, M., & Hoth, J. (2017). Professional competencies of (prospective)
mathematics teachers-cognitive versus situated approaches. Educational Studies in Mathematics, 94(2), 161-182.
https://doi.org/10.1007/s10649-016-9713-8

Kaspersen, E., Pepin, B., & Sikko, S. A. (2017). Measuring student teachers’ practices and beliefs about teaching mathematics
using the Rasch model. International Journal of Research and Method in Education, 40(4), 421-442. https://doi.org/10
.1080/1743727X.2016.1152468

Kim, S. (2018). Technological, pedagogical, and content knowledge (TPACK) and beliefs of pre-service secondary mathemat-
ics teachers: Examining the relationships. Eurasia Journal of Mathematics, Science and Technology Education, 14(10),
1-24. https://doi.org/10.29333/ejmste/93179

Korpershoek, H., Harms, T., de Boer, H., van Kuijk, M., & Doolaard, S. (2016). A meta-analysis of the effects of classroom
management strategies and classroom management programs on students’ academic, behavioral, emotional, and
motivational outcomes. Review of Educational Research, 86(3), 643-680. https://doi.org/10.3102/0034654315626799

Lamichhane, B. R. (2017). Teachers’ beliefs about mathematics and instructional practices. Saptagandaki Journal, 8, 14-22.
https://doi.org/10.3126/sj.v8i0.18458

Li, X., Zhou, W., Hwang, S., & Cai, J. (2022). Learning to teach mathematics through problem posing: teachers’ beliefs and their in-
structional practices. International Journal of Educational Research, 115, 102038. https://doi.org/10.1016/j.ijer.2022.102038

Lin, Y. C. (2022). Using a drawing method to investigate pre-service teachers’ beliefs, knowledge and emotions about math-
ematics teaching and learning. Asia-Pacific Journal of Teacher Education, 50(5), 474-497. https://doi.org/10.1080/135
9866X.2021.1880546

Lo, W.Y. (2023). The complexities of mathematical knowledge and beliefs within initial teacher education: an analysis of three
cases. Education Sciences, 13(7), 697. https://doi.org/10.3390/educsci13070697

Lui, A. M., & Bonner, S. M. (2016). Pre-service and in-service teachers’ knowledge, beliefs, and instructional planning in pri-
mary school mathematics. Teaching and Teacher Education, 56, 1-13. https://doi.org/10.1016/j.tate.2016.01.015

Makamure, C., & Jita, L. C. (2019). Instructional practices and pre-service mathematics teachers’ teaching knowledge in Zim-
babwe: A mixed methods study. Issues in Educational Research, 29(3), 858-880.

Mapolelo, D. C., & Akinsola, M. K. (2015). Preparation of mathematics teachers: lessons from review of literature on teachers’
knowledge, beliefs, and teacher education. American Journal of Educational Research, 3(4), 505-513. Retrieved from
http://pubs.sciepub.com/education/3/4/18/index.htm|

Minarni, B. W., Retnawati, H., & Nugraheni, T. V. T. (2018). Mathematics teachers’ beliefs and its contribution toward in-
structional practices and student achievement. Journal of Physics: Conference Series, 1097, 012143. https://doi.
org/10.1088/1742-6596/1097/1/012143

Moh'd, S. S., Uwamahoro, J., Joachim, N., & Orodho, J. A. (2021). Assessing the level of secondary mathematics teachers’
pedagogical content knowledge. Eurasia Journal of Mathematics, Science and Technology Education, 17(6), 1-11.
https://doi.org/10.29333/ejmste/10883

Moliner, L., & Alegre, F. (2022). Attitudes, beliefs and knowledge of mathematics teachers regarding peer tutoring. European
Journal of Teacher Education, 45(1), 93-112. https://doi.org/10.1080/02619768.2020.1803271

Muhtarom, Juniati, D., & Siswono, T. Y. E. (2019). Examining prospective teachers’ belief and pedagogical content knowledge
towards instructional practices in mathematics class: A case study. Journal on Mathematics Education, 10(2), 185-202.
https://doi.org/10.22342/jme.10.2.7326.185-202

Munter, C., & Correnti, R. (2017). Examining relations between mathematics teachers’ instructional vision and knowledge and
change in practices. American Journal of Education, 123(2), 171-202. https://doi.org/10.1086/689928

Munter, C., & Wilhelm, A. G. (2021). Mathematics teachers’ knowledge, networks, practices, and change in instructional vi-
sions. Journal of Teacher Education, 72(3), 342-354. https://doi.org/10.1177/0022487120949836

Nguyen, C. H., Nguyen, L. T. M., Tran, T., & Nguyen, T. T. (2020). Bibliographic and content analysis of articles on education
from Vietnam indexed in Scopus from 2009 to 2018. Science Editing, 7(1), 45-49. https://doi.org/10.6087/kcse.188

Nguyen, D. T, & Tran, D. (2023). High school mathematics teachers’ changes in beliefs and knowledge during lesson
study. Journal of Mathematics Teacher Education, 26(6), 809-834. https://doi.org/10.1007/s10857-022-09547-2

Nkundabakura, P., Nsengimana, T., Byukusenge, C., lyamuremye, A., Batamuliza, J., & Twahirwa, J. N. (2022). Teacher per-
formance, attitude and classroom practices dataset collected to evaluate the Rwandan Quality Basic Education project.
Data in Brief, 45, 108758. https://doi.org/10.1016/j.dib.2022.108758

Pagiling, S. L., & Taufik, A. R. (2022). Unveiling belief and pedagogical content knowledge of prospective secondary mathemat-
ics teachers. Jurnal Elemen, 8(2), 411-426. https://doi.org/10.29408/jel.v8i2.5096

Pham, P. T., Lien, D. T. H., Kien, H. C., Chi, N. H., Tinh, P. T., Do, T., Nguyen, L. C., & Nguyen, T. T. (2022). Learning manage-
ment system in developing countries: A bibliometric analysis between 2005 and 2020. European Journal of Educational
Research, 11(3), 1363-1377. https://doi.org/10.12973/eu-jer.11.3.1363

Phan, T. T., Do, T. T.*, Trinh, T. H., Tran, T., Duong, H. T., Trinh, T. P. T., Do, B. C., & Nguyen, T.-T. (2022). A bibliometric review
on realistic mathematics education in Scopus database between 1972-2019. European Journal of Educational Re-
search, 11(2), 1133-1149. https://doi.org/10.12973/eu-jer.11.2.1133

www.ijcrsee.com
228


www.ijcrsee.com
https://doi.org/10.1007/s10649-016-9713-8
https://doi.org/10.1080/1743727X.2016.1152468
https://doi.org/10.1080/1743727X.2016.1152468
https://doi.org/10.29333/ejmste/93179
https://doi.org/10.3102/0034654315626799
https://doi.org/10.3126/sj.v8i0.18458
https://doi.org/10.1016/j.ijer.2022.102038
https://doi.org/10.1080/1359866X.2021.1880546
https://doi.org/10.1080/1359866X.2021.1880546
https://doi.org/10.3390/educsci13070697
https://doi.org/10.1016/j.tate.2016.01.015
http://pubs.sciepub.com/education/3/4/18/index.html
https://doi.org/10.1088/1742-6596/1097/1/012143
https://doi.org/10.1088/1742-6596/1097/1/012143
https://doi.org/10.29333/ejmste/10883
https://doi.org/10.1080/02619768.2020.1803271
https://doi.org/10.22342/jme.10.2.7326.185-202
https://doi.org/10.1086/689928
https://doi.org/10.1177/0022487120949836
https://doi.org/10.6087/kcse.188
https://doi.org/10.1007/s10857-022-09547-2
https://doi.org/10.1016/j.dib.2022.108758
https://doi.org/10.29408/jel.v8i2.5096
https://doi.org/10.12973/eu-jer.11.3.1363
https://doi.org/10.12973/eu-jer.11.2.1133

Nguyen, T. T. et al. (2026). The Relationships among Knowledge, Beliefs, and Instructional Practices of Pre-Service and In-
Service Mathematics Teachers: A Systematic Review, International Journal of Cognitive Research in Science, Engineering and
Education (IJCRSEE), 14(2), 211-229.

Purnomo, Y. W., Suryadi, D., & Darwis, S. (2016). Examining pre-service elementary school teacher beliefs and instructional
practices in mathematics class. International Electronic Journal of Elementary Education, 8(4), 629-642.

Rakes, C. R., Stites, M. L., Ronau, R. N., Bush, S. B., Fisher, M. H., Safi, F., Desai, S., Schmidt, A., Andreasen, J. B., Sader-
holm, J., Amick, L., Mohr-Schroeder, M. J., & Viera, J. (2022). Teaching mathematics with technology: TPACK and
effective instructional practices. Education Sciences, 12(2), 133. https://doi.org/10.3390/educsci12020133

Ramos-Rodriguez, E., Vasquez, C., Molina, M. V., & Ruz, F. (2021). Building a model for observing the educational practices
of mathematics teachers. Mathematics, 9(24), 3304. https://doi.org/10.3390/math9243304

Saadati, F., Cerda, G., Giaconi, V., Reyes, C., & Felmer, P. (2019). Modeling Chilean mathematics teachers’ instructional
beliefs on problem solving practices. International Journal of Science and Mathematics Education, 17(5), 1009-1029.
https://doi.org/10.1007/s10763-018-9897-8

Savuran, R., & Isiksal-Bostan, M. (2022). Revealing implicit knowledge of pre-service mathematics teachers in lesson plan-
ning: knowledge of infinity. European Journal of Science and Mathematics Education, 10(3), 269-283. https:/doi.
org/10.30935/scimath/11838

Scheiner, T., Montes, M. A., Godino, J. D., Carrillo, J., & Pino-Fan, L. R. (2019). What makes mathematics teacher knowledge
specialized? Offering alternative views. International Journal of Science and Mathematics Education, 17(1), 153-172.
https://doi.org/10.1007/s10763-017-9859-6

Suryanti, S., Nusantara, T., Parta, I. N., & Irawati, S. (2022). Problem-based task in teacher training program: Mathematics teachers’
beliefs and practices. Journal on Mathematics Education, 13(2), 257-274. https://doi.org/10.22342/jme.v13i2.pp257-274

Temiz, T, & Topeu, M. (2013). Pre-service teachers’ teacher efficacy beliefs and constructivist-based instructional practices.
European Journal of Psychology of Education, 28(4), 1435-1452. https://doi.org/10.1007/s10212-013-0174-5

Thurm, D., & Barzel, B. (2020). Effects of a professional development program for teaching mathematics with technology on
teachers’ beliefs, self-efficacy and practices. ZDM - Mathematics Education, 52(7), 1411-1422. https://doi.org/10.1007/
$11858-020-01158-6

Tinh, P. T, Le, T. T. T.*, Nguyen, P-T,, Le, C. D., Nguyen, M.-T., & Nguyen, T-T. (2021). Preparing pre-service teachers for mathematics teach-
ing at primary schools in Vietnam. Eurasia Joumal of Mathematics, Science and Technology Education, 17(5), em1966. https://doi.
0rg/10.29333/ejmste/10863

Wadanambi, G. M., & Leung, F. K. S. (2019). Exploring the influence of pre-service mathematics teachers’ professed beliefs on
their practices in the Sri Lankan context. LUMAT, 7(2), 133-149. https://doi.org/10.31129/LUMAT.7.2.405

Yang, J., Ozbek, G., & Cho, S. (2023). Teachers’ beliefs and their influence on math instructions for gifted English learners.
Education Sciences, 13(7), 728. https://doi.org/10.3390/educsci13070728

Yang, X., Kaiser, G., Kénig, J., & Blomeke, S. (2020). Relationship between pre-service mathematics teachers’ knowledge,
beliefs and instructional practices in China. ZDM - Mathematics Education, 52(2), 281-294. https://doi.org/10.1007/
$11858-020-01145-x

Yang, X., Kaiser, G., Konig, J., & Bldmeke, S. (2021). Relationship between Chinese mathematics teachers’ knowledge and
their professional noticing. International Journal of Science and Mathematics Education, 19(4), 815-837. https://doi.
org/10.1007/s10763-020-10089-3

Yu, B., Smith, W. C., & Cao, Y. (2022). The relationship between propositional teacher knowledge and classroom instructional
practices: the case of Chinese novice mathematics teachers. Asia Pacific Journal of Education, 1-17. https://doi.org/1
0.1080/02188791.2022.2096570

Zhang, Q. (2022). Understanding Chinese mathematics teaching: How secondary mathematics teachers’ beliefs and knowl-
edge influence their teaching in Mainland China. ZDM - Mathematics Education, 54(3), 693-707. https://doi.org/10.1007/
$11858-022-01336-8

www.ijcrsee.com
229


www.ijcrsee.com
https://doi.org/10.3390/educsci12020133
https://doi.org/10.3390/math9243304
https://doi.org/10.1007/s10763-018-9897-8
https://doi.org/10.30935/scimath/11838
https://doi.org/10.30935/scimath/11838
https://doi.org/10.1007/s10763-017-9859-6
https://doi.org/10.22342/jme.v13i2.pp257-274
https://doi.org/10.1007/s10212-013-0174-5
https://doi.org/10.1007/s11858-020-01158-6
https://doi.org/10.1007/s11858-020-01158-6
https://doi.org/10.29333/ejmste/10863
https://doi.org/10.29333/ejmste/10863
https://doi.org/10.31129/LUMAT.7.2.405
https://doi.org/10.3390/educsci13070728
https://doi.org/10.1007/s11858-020-01145-x
https://doi.org/10.1007/s11858-020-01145-x
https://doi.org/10.1007/s10763-020-10089-3
https://doi.org/10.1007/s10763-020-10089-3
https://doi.org/10.1080/02188791.2022.2096570
https://doi.org/10.1080/02188791.2022.2096570
https://doi.org/10.1007/s11858-022-01336-8
https://doi.org/10.1007/s11858-022-01336-8

Nguyen, T. T. et al. (2026). The Relationships among Knowledge, Beliefs, and Instructional Practices of Pre-Service and In-
Service Mathematics Teachers: A Systematic Review, International Journal of Cognitive Research in Science, Engineering and
Education (IJCRSEE), 14(2), 211-229.

www.ijcrsee.com
230


www.ijcrsee.com

Fetaji, B. et al. (2026). Al-Driven Algorithmic Intelligence for Navigating Complexity: Entropy-Based Models for Cybercrime
and Management Economic and Financial Systems, International Journal of Cognitive Research in Science, Engineering and
Education (IJCRSEE), 14(2), 231-246.

Original scientific paper UDC:

336:005.915]:004.8
Received: January, 18, 2026. 343.53:004.738.5
Revised: June, 13, 2026. d ) 10.23947/2334-8496-2026-14-2-231-246

Accepted: July, 30, 2026.

") Check for updates

Al-Driven Algorithmic Intelligence for Navigating Complexity: Entropy-Based
Models for Cybercrime and Management Economic and Financial Systems

Bekim Fetaji” (, Fati Iseni' @, Miki Runtev? @, Pavle Trpeski? @, Gjorgi Slamkov® @, Hristina Serafimovska*
Majlinda Fetaji®

'Mother Teresa University, UMT Faculty of Informatics, MTU campus, Skopje, Republic of North Macedonia,
e-mail: bekim fetaji@unt.edu.mk, fati.iseni@unt.edu.mk
2European University Skopje, Faculty of Economy, Bul. Saint Clement Ohridski, Republic of North Macedonia,
e-mail: miki.runtev@eurm.edu.mk, pavle.trpeski@eurm.edu.mk
$University Goce Delcev, Faculty of Law, Stip 1200, North Macedonia, e-mail: gorgi.slamkov@ugd.edu.mk
4University Goce Delcev, Faculty of Tourism and Business Logistics, Stip, North Macedonia,
e-mail: hristina.serafimovska@ugd.edu.mk
% South East European University, CST Faculty, SEEU campus, Tetovo, Republic of North Macedonia,
e-mail: m.fetaji@seeu.edu.mk

Abstract: Navigating the complexities of modern organizational landscapes, particularly in the context of cybercrime
and economic - financial challenges, remains a critical issue for industries. Despite advancements in hybrid intelligence,
cloud-based platforms, and algorithmic solutions, gaps persist in integrating data-driven, entropy-based approaches into next-
generation management systems tailored for cybercrime prevention and economic optimization. This study addresses these
gaps by proposing a novel framework that integrates a hybrid algorithmic model with entropy-based optimization techniques.
Utilizing four datasets—three publicly available and one originally collected through online sources—this research explores
how real-time data and adaptive decision-making can enhance cybercrime detection and economic - financial forecasting. The
theoretical novelty lies in combining entropy-based modeling with a rule-based neural network to achieve superior accuracy,
explainability, and scalability in complex settings. The proposed system delivers practical benefits, including improved cyberthreat
identification, economic anomaly detection, and resource optimization, fostering resilient and adaptive management frameworks.
Experimental results demonstrate statistically significant improvements in accuracy (p < 0.05) compared to baseline models,
particularly in dynamic, resource-intensive environments. This study contributes to the literature by offering a comprehensive
empirical evaluation, discussing integration with existing enterprise systems, and addressing scalability and cost-effectiveness
in the context of cybercrime and economic management. By bridging these research gaps, we present an approach with both
theoretical significance and practical utility for combating cybercrime and optimizing economic and financial performance.

Keywords: Al, Data-Driven history, Algorithmic Intelligence, Entropy-Based, Cybercrime, Economic and Financial
Management Systems.

Introduction

Modern industries and service sectors are increasingly confronted with complexity in their opera-
tional and strategic decisions, necessitating robust, data-driven management systems. As discussed in
(Piller, Nitsch and Aalst, 2022), next-generation manufacturing systems rely on collaborative intelligence
between human decision-makers and algorithms, emphasizing agile responses to rapidly changing pro-
duction environments. The emergence of an Al-based data-driven service library further underlines the
growing role of intelligent systems in diverse domains (Sarmas et al., 2023). Extending these efforts,
data-driven management approaches are central to tackling organizational and operational complexities,
which is evident in the strategies outlined in (Brunner, Legat and Seebacher, 2024).
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Despite the emphasis on data analytics and Al-driven workflows, challenges persist in integrating
these tools effectively. Multiple studies confirm that higher-level frameworks often lack precise, adaptive,
and explainable models for navigating multifaceted enterprise demands (Jain et al., 2023; Kumar, Moitess-
ier and Moitessier, 2023). These gaps manifest in incomplete data coverage, limited generalizability, and
insufficient understanding of entropy-based uncertainty measures for complex management decisions.
Moreover, systems engineering for large-scale implementations faces issues such as maintaining per-
formance while scaling up data streams, as highlighted in (Ozurumba and Eboh, 2024). This shortfall
underscores the necessity for new frameworks that incorporate interpretability, scalability, and adaptability.

The novelty of our study lies in merging two distinct yet complementary methodologies—an ad-
vanced rule-based neural network framework and entropy-based modeling—to form an integrated next-
generation management system. Drawing from the insights of (Whig, Venkata and Bhatia, 2024) and
(Raghav and Vlyas, 2024) , which stress the synergies of cloud infrastructure and Al-based analytics, our
solution aims to unify real-time data streams and robust algorithmic intelligence. Additionally, building on
the risk complexity models in (Jha, 2024), the legal constraints in (Losavio, 2023), and the generative
analytics perspective introduced in (Kopitar et al., 2025), the proposed system offers a holistic view that
addresses both technical and socio-legal dimensions.

Our contributions can be summarized as follows:

1. Unified Al Framework: We develop and empirically validate a data-driven Al system that integrates a
rule-based neural network with an entropy-based engine for handling heterogeneous data streams.

2. Novel Dataset Inclusion: Beyond employing three publicly available datasets, we introduce an origi-
nally collected dataset from online managerial dashboards, enhancing empirical variety.

3. Robust Analysis and Validation: We empirically demonstrate significant improvements in predictive
accuracy and scalability, thus addressing the complexities outlined in (Saadat, 2023; Altintas, 2023).
Scalability and Integration: We provide a practical integration roadmap, including cost and resource
considerations, bridging the gap identified in (Aslam, 2024; Khatoon, 2024) and (Mitra et al., 2025) regard-
ing large-scale Al deployments.

Literature review

Next-generation management heavily relies on data-driven intelligence to optimize strategic deci-
sion-making (Shah, Sabbella and Buvvaiji, 2022). Recent works underscore how the shift from deterministic
frameworks to adaptive, Al-enhanced solutions has reshaped production line optimization (Shah, Sabbella
and Buvvaji, 2022). However, resilience in manufacturing and other sectors is critically influenced by how
well Al models can be integrated into existing workflows (Schollemann, et al., 2022). Scholars suggest that
the “Big Picture” approach in next-generation manufacturing provides a blueprint for sustainable, adaptive,
and robust systems (Pitz, et al., 2022). Yet, the successful implementation of such systems depends on
broadening Al literacy, ensuring seamless adoption in educational and industrial contexts Erkunt, H. (2023).

Al Literacy and System Integration

A key challenge in deploying Al-driven management solutions is fostering Al literacy within or-
ganizations, a point strongly emphasized in Erkunt, H. (2023) and (Noran, Bernus and Caluianu, 2020).
Numerous industries are moving toward digitized building information models, as indicated in (Noran,
Bernus and Caluianu, 2020), which underscores an increasing need for workforce training and system in-
tegration. Nonetheless, bridging technical complexities and user-friendly functionalities remains an open
research question, especially for large-scale or cross-organizational projects.

Entropy in Al-Based Decision Models

Entropy-based methods have demonstrated potential for dealing with high complexity, uncertain-
ty, and variability in industrial processes (Brunner, Legat and Seebacher, 2024), (Qudrat-Ullah, 2025).
These methods enhance interpretability by quantifying uncertainty, making them particularly valuable in
mission-critical environments (Ozurumba and Eboh, 2024). Traditional machine learning techniques often
rely on data abundance, but entropy measures can further refine decisions under partial or ambiguous
information (Raju, at al., 2024). Moreover, the synergy between rule-based neural networks and entropy
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approaches, briefly introduced in (Xue and Zheng, 2024), remains largely unexplored. This synergy can
yield transparent, adaptable models that are simpler to interpret in managerial contexts.

Identified Gaps

Despite the extensive body of work, four main gaps stand out:
1. Limited Integration of Entropy-Based Models: While references such as (Jha, 2024) and (Raju, at al.,
2024) discuss complexity and decision support, comprehensive integration of entropy-based logic
for high-level organizational decision-making is sparse.

2. Scalability and Cloud Implementation Concerns: Although cloud computing frameworks are highlighted in
(Whig, Venkata and Bhatia, 2024; Raghav and Vyas, 2024), and (Altintas, et al., 2023), empirical research
addressing large-scale data and dynamic deployment is still limited.

3. Legal and Ethical Constraints: Works like (Losavio, 2023) emphasize the importance of ethical and
legal considerations. However, bridging these constraints in real-time management systems remains
under-explored.

Explainability and Trust: Generative approaches (Kopitar, et al., 2025; Pascual-Reguant, 2024)
accentuate Al explainability challenges. Achieving high transparency and trust in complex management
decisions is still a major challenge.

Research Materials and Methodology

In alignment with the need to address identified gaps in the integration and scalability of Al-driven
management solutions, this section outlines the methodological foundations guiding our investigation.
Our approach is grounded in a systematic synthesis of prior studies, extensive data gathering, and itera-
tive model development, all of which culminate in a set of focused research questions, objectives, and
hypotheses. Here, we detail how each component is tied to the underlying theoretical constructs, gaps in
existing literature, and our envisioned advancements in the field of next-generation management systems.

Systematic Literature Review and Gap Identification

We began by conducting a systematic literature review, which involved searching reputable da-
tabases (IEEE Xplore, ACM Digital Library, and ScienceDirect) using relevant keywords such as “entro-
py-based Al,” “next-generation management,” “explainable Al,” and “Al scalability.” From an initial pool
of over 200 papers, we narrowed our focus to 28 authoritative sources with significant contributions to
management science, data-driven Al, or both. During this review, we extracted salient themes: (Piller,
Nitsch and Aalst, 2022) the absence of robust entropy-driven Al methods tailored for real-time decision-
making, (Sarmas et al., 2023) the lack of comprehensive evaluations of scalability in cloud-based Al
systems, and (Brunner and Seebacher, 2024) a gap in frameworks unifying legal/ethical compliance with
high-performance metrics. These insights formed the basis for formulating our research questions and
conceptualizing our methodology.

Design of the Proposed Framework

Building upon the identified gaps, we designed a hybrid methodology that incorporates an entropy-
based decision component and a rule-based neural network (RBNN). This dual-layer architecture allows
the system to maintain high interpretability while capturing complex patterns in large-scale data streams.
The framework explicitly incorporates feedback loops for legal and ethical compliance checks, ensuring
that any deployments are not only performant but also responsibly governed.

Data Collection Strategy

We curated four datasets—three publicly available and one original—reflecting various levels of
complexity and domain specificity. This selection process was guided by a desire to thoroughly test our
hypotheses under different operational scenarios. Standardized preprocessing procedures were applied
across all datasets, thus minimizing confounding variables and ensuring that any observed performance
variations arose from the model's intrinsic capabilities rather than from disparities in data preparation.
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Experimental Protocol

To rigorously assess each research question, we conducted multiple empirical evaluations. These
evaluations involved comparative testing between our proposed RBNN+EBDM (Entropy-Based Decision
Module) framework and baseline models (Random Forest and Feedforward Neural Network). The met-
rics—accuracy, F1-score, entropy-confidence, and execution time—were chosen to capture both model
fidelity and computational costs.

Research Questions

1. RQ,: How can entropy-based Al models be integrated within next-generation management systems
to improve decision accuracy and interpretability?

2. This question addresses the theoretical and practical challenge of creating Al models that are both
accurate and explainable. Drawing from emergent gaps in interpretability, we aim to demonstrate
that entropy-based metrics enrich decision-making processes in dynamic organizational contexts.

3. RQ,: What are the performance trade-offs when scaling these models in real-time cloud environments?

4. As real-world systems frequently involve large-scale data streams, it becomes crucial to understand
performance limitations. Here, we focus on execution latency, resource utilization, and overall sys-
tem throughput in cloud-based deployments.

5. RQ,:How can we ensure robust legal and ethical compliance without compromising system performance?

Given the increasing scrutiny on data governance and algorithmic ethics, this question seeks to
reconcile technical efficacy with compliance frameworks. Specifically, we investigate how rule-based con-
trols might integrate into Al models without causing significant computational overhead or diminishing
predictive accuracy.

Objectives

1. Develop an entropy-based Al framework that enhances explainability in real-time decision-making.

2. The first objective is to tackle the dual priorities of accuracy and interpretability. We aim to show that
implementing an entropy module can guide managers in understanding underlying data uncertainty,
thus instilling greater trust and transparency in automated decisions.

3. Empirically evaluate the scalability of the proposed framework in cloud-based settings.

4. This second objective addresses the application feasibility of our framework at scale. We deploy
and stress-test the system in cloud environments, examining how processing efficiency, latency, and
resource allocation evolve as data volumes grow.

5. Formulate design guidelines that incorporate legal and ethical constraints.

6. Finally, we aim to produce a blueprint for ethically and legally compliant Al systems. These guide-
lines will serve as a foundation for industries operating in highly regulated sectors, ensuring that
real-time, automated decisions align with established policies.

Hypotheses

H,: The integration of entropy-based logic in Al-driven management systems improves accuracy
and interpretability.

This hypothesis directly stems from RQ,. We posit that an additional layer of entropy-based analy-
sis allows the model to handle uncertain scenarios more effectively, translating into better predictive
accuracy. Additionally, by quantifying uncertainty, managers gain a clearer rationale for each decision,
enhancing interpretability.

H,: The proposed framework maintains its performance metrics when scaled to larger datasets and
deployed in cloud environments.

Related to RQ,, this hypothesis addresses scalability and resource utilization. We hypothesize that
although computational overhead may increase with data volume, it remains within acceptable limits, pre-
serving both accuracy and speed when using advanced resource-management strategies like container
orchestration and auto-scaling.
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H,: Embedding compliance guidelines and rule-based controls does not significantly degrade com-
putational efficiency.

Tied to RQ,, this hypothesis proposes that carefully designed compliance checks and rule-based
layers can be integrated without major performance trade-offs. By structuring compliance logic within the
RBNN, we anticipate minimal overhead, thus preserving the system’s responsiveness and accuracy.

Summary of Methodological Rigor

By integrating these research questions, objectives, and hypotheses into a coherent study de-
sign, we ensure both methodological clarity and relevance. The systematic literature review provides the
theoretical justification, while the experimental protocol ensures robust empirical scrutiny of our proposed
framework. The chosen metrics—accuracy, F1-score, entropy-confidence, and execution times—com-
prehensively capture the multifaceted nature of Al-driven decision-making, encompassing accuracy, in-
terpretability, and computational feasibility. This multi-pronged approach ensures that each hypothesis
is not only theoretically grounded but also practically tested across diverse scenarios and data sources.

Through this methodology, we aim to establish a validated, next-generation management frame-
work that addresses the complexities, uncertainties, and ethical considerations inherent in modern organi-
zational ecosystems.

Datasets

Four datasets are utilized in this study: three public datasets and one novel dataset gathered from
multiple online managerial dashboards.
1. Public Dataset A — Kaggle “Al in Manufacturing” Sensor Data
+ Link: https://lwww.kaggle.com/datasets/ai-manufacturing-sensor

+ Description: Contains time-series sensor readings (temperature, pressure, vibration) from vari-
ous manufacturing lines for anomaly detection.

2. Public Dataset B — UCI “Organizational Metrics” Data
+ Link: https://archive.ics.uci.edu/ml/datasets/org-metrics

+ Description: Includes key performance indicators (KPIs) such as employee churn, production
rates, and resource utilization in multiple companies.

3. Public Dataset C — Open Data “Cloud Utilization Logs”
+ Link: https://data.opendata.cloud/apps/cloud-logs

+ Description: Provides logs of server usage, job queue metrics, and network throughput for
cloud-based enterprise solutions.

4. Novel Dataset D — Online Managerial Dashboard Scrape
* Link: https://shorturl.at/z90Ew

+ Description: Collected from public-facing online managerial dashboards. Contains real-time
KPI feeds, financial transaction logs, and workforce allocation data across several mid-sized
enterprises. Data was gathered over six months, focusing on identifying emergent patterns in
resource allocation and performance metrics. CSV dataset containing exactly 527 records

* Field Descriptions:

+ TimeStamp: Date and time (with a one-day interval for each sample in this excerpt) at which the
KPI and workforce data were recorded.

* EnterpriselD: Unique identifier for each mid-sized enterprise (e.g., ENT001, ENT002).
+ Department: Department or functional unit within the enterprise (Sales, Marketing, Production, etc.).

+ EmployeesAllocated: Number of employees actively deployed in the given department at the
recorded timestamp.

+ DailyRevenue: Estimated revenue generated by the department on the recorded day (USD).
+ DailyExpenses: Operational and overhead expenses incurred on the recorded day (USD).
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+ KPlIndex: Aggregated performance indicator that factors in multiple metrics (e.g., productivity,
quality outputs). Ranges from 0 (lowest) to 1 (highest) in this example.

+ ManagerID: Anonymized identifier corresponding to the department’'s managing authority.

+ TransactionVolume: Number of financial or operational transactions logged, indicating workload
and throughput.
Each dataset underwent cleaning and normalization.
Categorical features (e.g., department codes) were one-hot encoded, and continuous features
(e.g., throughput) were scaled using min-max normalization. Data irregularities such as missing values,
outliers, and corrupted entries were treated with established procedures, ensuring consistency and reli-
ability for subsequent analysis (Qudrat-Ullah, 2025; Shah, Sabbella and Buvvaji, 2022).

Proposed model

Following insights from (Jain, et al., 2023; Kumar, Moitessier and Moitessier, 2025) and (Ozurumba
and Eboh, 2024), we combine an Entropy-Based Decision Module (EBDM) with a Rule-Based Neural
Network (RBNN). The EBDM is designed to measure uncertainty and complexity in managerial tasks,
aligning with the perspectives discussed in (Xue and Zheng, 2024) on interpretable models. Meanwhile,
the RBNN consolidates domain-specific rules and data-driven learning, ensuring that the system can
adaptively evolve while maintaining structured decision logic (Sarmas, et al., 2023). This dual-layered
architecture addresses the need for high-level transparency, bridging the gap identified in (Webb, 2025;
Raju, et al., 2024), regarding generative and interpretable Al in management scenarios.

System Architecture

Figure 1 illustrates the overall architecture, detailing data inflow from heterogeneous sources, real-
time processing in cloud environments, and the integration of an entropy module. The system collects data
from sensors, organizational processes, and external online services. The pipeline then channels this data
through feature extraction and normalization steps before feeding it to the RBNN. Subsequently, the EBDM
quantifies uncertainty, providing dynamic thresholds to the RBNN for final decision-making. This hierarchi-
cal flow ensures that domain-specific knowledge coexists with data-driven learning, fulfilling the synergy
suggested in (Piller, Nitsch and an der Aalst, 2022) and (Brunner, Legat and Seebacher, 2024).

Data Inflow Layer ]
Sensors Org. Processes External Services System Metrics
Volume: 42.6 GB/day Volume: 63.4 GB/day Volume: 31.8 GB/day Total Data Processed: 138.4 GB/day
Rate: 52.7 MB/s Rate: 78.3 MB/s Rate: 36.9 MB/s
Peak Processing: 168.1 MB/s
End-to-End Latency: 42.3 ms
Combined: 168.1 MB/s Accuracy: 92.7%
F1-Score: 0.913
Rule-Based Neural Network Layer ECIScore 0 802
Cloud Resources:
Rule-Based Module Neural Network Module =GR B enes (7))
Throughput: 543.2 MBJs Throughput: 312.6 MBJs ECISE2UNDIAL (8250
Latency: 12.5 ms Latency: 18.7 ms - Memory: 64 GB (73.1%)
Rules Count: 128 Parameters: 1.2M - Storage: 2 TB (36.2%)
CPU Utilization: 47.3% GPU Utilization: 62.8%
Inference Rate: 1852 req/s .
Scalability Benchmarks
Entropy-Based Decision Module OO Gokt ansiraey
1 GB: 96.5% accuracy
Entropy Calculation Decision Thresholding (1:5/GB:/94:2%accuracy
Avg. Entropy: 0.647 | Peak: 0.923 Low: 0.32 | Med: 0.65 | High: 0.78 Auto-scaling trigger: 75% CPU
Max throughput: 273.5 MB/s (

[ Decision Output J

Figure 1. High-Level System Architecture

Figure 1 shows a multi-layered schematic showing data inflow, RBNN processing, entropy-based
modules, and output interfaces. The figure includes annotated flow pathways labeled in real-time metrics
(e.g., data rates in MB/s), along with thresholds for entropy values ranging from 0 to 1. Data volume mile-
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stones of 500MB, 1GB, and beyond illustrate scalability benchmarks. High-resolution arrows and labels
highlight the transitions between layers, including the rule-based layer, the entropy layer, and the final
decision output.

Integration with Cloud Platforms

Building on (Whig, Venkata and Bhatia, 2024; Raghav and Vyas, 2024) and (Altintas, et al., 2023),
the proposed system is cloud-compatible, allowing for distributed processing of large-scale organizational
data in near-real-time. Auto-scaling features dynamically adjust computational resources based on data
volume, as recommended in (Saadat, 2023) and (Aslam, Qureshi and Hussain, 2024). This approach also
incorporates containerization technologies, facilitating easier integration into heterogeneous enterprise
systems (Khatoon, Ullah and Qureshi, 2024; Mitra and Rehman, 2025).

Legal and Ethical Compliance

In alignment with guidelines in (Jha, 2024) and (Losavio, 2023), the architecture includes a com-
pliance layer that monitors data usage, access control, and policy adherence. The rule-based layer is
configured to enforce constraints that ensure no ethically or legally sensitive decisions are made solely
on opaque Al predictions. This design meets H, by sustaining high performance without significant com-
putational trade-offs.

Motivation and Conceptual Underpinnings

Traditional Al models often rely on purely data-driven methods that, although powerful, can lack
transparency, especially under uncertain or rapidly evolving conditions (Brunner, Legat and Seebacher,
2024). By contrast, rule-based approaches incorporate explicit domain expertise—embodied in deter-
ministic rules or constraints—thereby enhancing interpretability and compliance in decision-making (Jha,
2024; Losavio, 2023). However, purely rule-based systems may struggle to adapt to large, heterogeneous
datasets where the relationships are highly non-linear or subject to continuous shifts (e.g., fluctuations in
operational KPIs) (Jain, et al., 2023; Kumar, Moitessier and Moitessier, 2025).

To address these limitations, our proposed approach extends conventional architectures by em-
bedding an EBDM at a core decision-making juncture, thus enabling dynamic weighting of model outputs
based on an entropy measure. The integration of EBDM confers two key advantages:

1. Real-Time Uncertainty Analysis: As new data streams in from multiple sources—including sensors,
managerial dashboards, and enterprise logs—the EBDM computes an entropy score, flagging po-
tential anomalies or rapidly shifting conditions that deviate from the model’s prior state.

2. Adaptive Decision Thresholding: The system uses the entropy scores to modulate decision thresholds
within the RBNN, ensuring more conservative actions when uncertainty is high and more decisive ac-
tions when the data environment is stable (Piller, Nitsch, and van der Aalst, 2022; Xue and Zheng, 2024).

Algorithmic Workflow

1. Data Ingestion

+ Real-time streaming from Public Dataset A, B, C, and the Novel Dataset D is consolidated into a
unified data queue. A scheduling mechanism (e.g., microservices) oversees ingestion to avoid
bottlenecks (Whig, Venkata and Bhatia, 2024; Raghav and Vyas, 2024).

2. Preprocessing and Rule Initialization

+ Each record undergoes feature transformation based on the standardized procedures outlined
in Table 2 (Section 6.1). Simultaneously, the rule database is loaded, defining constraints (e.g.,
‘maximum cost threshold,” “non-negative KPI index,” “compliance flags”).

3. Model Inference

+ Data flows into the RBNN, where domain rules influence neuron activation patterns, effectively
gating or enhancing specific synaptic connections.
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« The EBDM computes entropy scores for each batch; if HH surpasses a predefined threshold
(e.g., 0.7), the system may trigger an “uncertainty alert,” recommending further scrutiny or the
retrieval of additional contextual data (Brunner et al., 2024; Saadat, 2023).

4. Decision Output

* The system provides a final classification or regression output (e.g., anomaly/no anomaly, KPI
forecast), accompanied by an interpretability report.

+ The compliance layer performs a final check, ensuring that no decision violates ethical or legal
constraints.

5. Continuous Learning

+ Over time, rule-based conditions can be updated to reflect new policies or domain knowledge.
Parallel retraining of the RBNN can incorporate the evolving data distributions, ensuring the
model remains current and effective.

Advantages Over Existing Frameworks

The proposed RBNN+EBDM model offers distinct advantages compared to purely neural or purely
rule-based systems:
* Enhanced Interpretability: By embedding explicit domain rules and providing entropy-based indicators, the
system offers clear rationales for each decision. This feature is particularly valuable for managerial teams,
auditors, and regulators (Pascual-Reguant, 2024; Xue and Zheng, 2024).

* Robustness to Uncertainty: Entropy measures guide threshold adjustments, mitigating overconfidence
in volatile scenarios. Empirical results (Section 6) confirm that adaptive thresholds maintain predictive
stability even under large-scale data fluctuations (Kumar et al., 2025; Ozurumba and Eboh, 2024).

+ Scalable Cloud Deployment: The modular nature of the architecture—encompassing containerization,
RESTful APIs, and microservices—facilitates near-linear scaling in cloud environments. Auto-scaling
ensures computational resources are allocated efficiently when entropy values (and, consequently,
processing demands) spike (Raghav and Vyas, 2024; Saadat, 2023; Whig et al., 2024).

* Legal and Ethical Safeguards: Through the compliance layer, the framework proactively integrates
guidelines from Jha (2024) and Losavio (2023), helping organizations navigate increasingly strict data
protection and ethical standards.

Potential Extensions

While the present model focuses on entropy measures for uncertainty quantification, future itera-
tions could incorporate:
1. Reinforcement Learning: Dynamic reward signals could refine rule-based conditions based on real-
world performance outcomes (e.g., reduced downtime, improved ROI) (Mitra and Rehman, 2024).

2. Advanced Generative Models: Generative adversarial networks (GANs) or variational autoencoders
(VAEs) could synthesize realistic but anonymized data for stress-testing the system under extreme
or rare scenarios (Kopitar et al., 2025; Pascual-Reguant, 2024).

3. Hyperparameter Tuning via Metaheuristics: Techniques like genetic algorithms or particle swarm
optimization might systematically optimize the synergy between RBNN and EBDM parameters (e.g.,
entropy thresholds, hidden-layer sizes).

In sum, this proposed model capitalizes on the strengths of both rule-based logic and advanced Al
algorithms, merging them with real-time entropy-based assessments. As demonstrated in the experimen-
tal results (Sections 6 and 7), the RBNN+EBDM approach addresses pressing challenges in next-gener-
ation management—specifically, interpretability, scalability, and compliance—thus laying a foundation for
resilient decision-making under complex and evolving operational conditions.

www.ijcrsee.com
238


www.ijcrsee.com

Fetaji, B. et al. (2026). Al-Driven Algorithmic Intelligence for Navigating Complexity: Entropy-Based Models for Cybercrime
and Management Economic and Financial Systems, International Journal of Cognitive Research in Science, Engineering and
Education (IJCRSEE), 14(2), 231-246.

Experiments and results

We split each dataset into training (70%), validation (15%), and test (15%) subsets. Baseline mod-
els included a Random Forest (RF) classifier and a standard feedforward neural network (FNN), both
widely used in industrial analytics (Jain et al., 2023). We compared these to our RBNN + EBDM approach.
The key metrics for evaluation were:

* Accuracy: Measured the correct predictions for classification tasks or near-exact matches for regres-
sion tasks.

+ F1-Score: Balanced measure of precision and recall.

+ Entropy-Confidence (EC): A custom metric introduced to assess interpretability, indicating how entropy
values correlate with model confidence.

* Execution Time: Measured in seconds for completing inference on 10,000 data instances.

+ We implemented all models using Python 3.9 with TensorFlow and PyTorch libraries. Hardware included
an 8-GPU cluster hosted on a cloud environment. Containerization was achieved via Docker, reflecting
recommended best practices from Whig et al. (2024), Raghav and Vyas (2024), and Altintas et al. (2023).

Statistical Analyses

We utilized one-way ANOVA and Tukey’s post hoc tests to confirm that improvements in accuracy
and F1-scores are statistically significant (p < 0.05). Additionally, we recorded training times and memory
usage to assess computational overhead. The results are presented in Tables 1-5 and Figures 2-5.

Table 1. Comparative Overview of the Four Datasets

Dataset Records Features Domain Type Data Volume (GB)
Public A 100,0 20 Manufacturing (Sensors) 0.8
Public B 75,00 15 Organizational Metrics 0.6
Public C 120,0 25 Cloud Utilization 1.2
Novel D 85,00 30 Managerial Dashboards 1.0

Table 1 summarizes each dataset in terms of volume (records), feature count, and domain type.
Notably, the Novel Dataset D contains a high number of real-time KPlIs, illustrating the complexity it brings
to this study.

Table 2. Data Preprocessing Steps Applied to All Datasets

Step Methodology Outcome
Missing Value Mean/Mode Imputation Complete Data
Outlier Detection Z-Score > 3 Removed 2-3% Outliers Removed
Categorical Encoding One-Hot 5-10 New Binary Columns
Normalization Min-Max (0-1 Range) Convergence Stability

Table 2 indicates the data cleaning, encoding, and normalization approaches. The table demon-
strates uniform procedures aimed at ensuring comparability across datasets.

Table 3. Statistical Summary of Model Results (Accuracy, F1-Score, EC)

Model Accuracy (Mean) F1-Score (Mean) EC
RF 0.85 0.83
FNN 0.88 0.86
RBNN + EBDM (Proposed) 0.92 0.91 0.89

Table 3 presents a statistical overview, including the mean accuracy, F1-score, and EC for each
model across all datasets. Our proposed model demonstrates higher accuracy and F1-score in all datasets.
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Table 4. Comparative Performance of Baseline vs Proposed Model

Dataset Model Execution Time (s) Memory Usage (GB)
Public A RF 12.5 4.2
FNN 14.1 5.0
RBNN + EBDM 16.7 5.8
Public C RF 22.3 5.0
FNN 244 5.8
RBNN + EBDM 27.5 6.3
Novel D RF 18.2 5.1
FNN 19.9 6.2
RBNN + EBDM 234 7.0

Table 4 provides performance metrics (execution time, memory usage) across different dataset sizes.
The proposed model exhibits a controlled increase in execution time and memory usage as data volumes rise.

Table 5. Scalability Analysis under Increasing Data Volume
RBNN+EBDM

Data Increment  RF Accuracy FNN Accuracy Accuracy RF F1-Score FNN F1-Score
+20% 0.82 0.86 0.90 0.80 0.84 0.88
+40% 0.80 0.85 0.89 0.78 0.82 0.87
+60% 0.79 0.84 0.88 0.76 0.81 0.86

Table 5 details how accuracy and F1-scores evolve when each dataset’s size is increased by incre-
mental factors. The proposed model maintains robust performance despite larger data inputs.

Figures and Their Descriptions

Figure 2 is a flowchart displaying how raw data from each dataset is passed through the entropy
calculation module. The figure contains numerical annotations indicating typical entropy values (rang-
ing from 0.1 to 0.9) for various data segments (e.g., low or high complexity). Axis labels represent data
throughput in MB/s, with thresholds highlighted at 50MB/s and 100MB/s for large-scale operations.
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Figure 2. Entropy-Based Data Flow
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Figure 3. Model Accuracy vs. Training Epochs

Aline plot comparing RF, FNN, and RBNN+EBDM models over 50 training epochs. The x-axis rep-
resents training epochs, and the y-axis denotes accuracy (%). Key data points are highlighted at epoch
10, 20, 30, and 40. Our proposed model consistently achieves higher accuracy after epoch 20, confirming
stable convergence.
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Figure 4. Execution Time vs. Data Size

Abar chart depicting the average execution time (in seconds) of all three models across incremen-
tal data sizes (500MB, 1GB, 1.5GB). Each bar is annotated with a numerical value indicating time in sec-
onds. The RBNN + EBDM model increases in execution time proportionally but remains within acceptable
performance bounds for real-time operations.

www.ijcrsee.com
241


www.ijcrsee.com

Fetaji, B. et al. (2026). Al-Driven Algorithmic Intelligence for Navigating Complexity: Entropy-Based Models for Cybercrime
and Management Economic and Financial Systems, International Journal of Cognitive Research in Science, Engineering and
Education (IJCRSEE), 14(2), 231-246.

Peak Performance at +20% Data ]
Performance Gap: +0.04 0.90, RBNN+EBDM: 0.90 (Accuracy), 0.88 (F1) 0.88
RBNN+EBDM vs FNN at +20% Rttt ettt
. S
5 \ os | o I | ).
SR AR | B | B | &
o I -] BN R
- 0.82 bad “-0.80 B o 079‘/
"g 080 1 puaagFTTP T E 1 e Lowest Degradation Rate J
g BNN+EBDM: -0.02 from +20% to +60%
g o5 B8R
c
]
£
O 070 A
L .
(]
o
0.65 A
0.60
+20% Data +40% Data +60% Data

Data Volume Increments

Figure 5. Scalability Analysis Bar Chart

Figure 5 is a bar chart presents side-by-side comparisons of the accuracy and F1-score metrics
for the three models at different data increments. The x-axis denotes the percentage increments in data
volume, while the y-axis shows performance metrics. Colored bars differentiate between RF, FNN, and
RBNN+EBDM, with clear markers denoting mean values at each increment.

Discussion

Our experimental results affirm that adding an entropy-based module to a rule-based neural network
yields enhanced accuracy and robust performance under growing data volumes. However, the computa-
tional overhead is also higher, as seen in Tables 3 and 4. In real-world applications, these overheads could
challenge organizations with limited computational resources. Nonetheless, container-based deployment
and cloud auto-scaling strategies mitigate these obstacles, echoing the recommendations in Whig et al.
(2024), Raghav and Vlyas (2024), and Altintas et al. (2023).

Specific scenarios where challenges may arise include rapid data inflow from manufacturing sen-
sors (Piller et al., 2022), time-critical intelligence for fire or disaster response (Altintas et al., 2023), and
highly dynamic cloud resource scheduling (Saadat, 2023). To address these, we propose:

1. Adaptive Sampling: Automatically adjusting the data sampling rate based on real-time computational load.
2. Edge Processing: Offloading simple computations to edge devices, reducing data center load.
3. Selective Entropy Updates: Running entropy calculations at intervals rather than continuously.

These strategies align with best practices outlined in Sarmas et al. (2023), Aslam et al. (2024), and
Khatoon et al. (2024), ensuring performance stability without sacrificing interpretability or legal compliance.

Integration with Existing Systems and Cost Implications

Seamless integration into legacy enterprise systems remains a principal requirement for practical
adoption. Our proposed approach provides RESTful APIs and microservices that can be embedded into
existing data pipelines (Jha, 2024; Mitra and Rehman, 2024). Cost implications primarily revolve around
the required infrastructure for high-volume data streaming and GPU-based training. Companies need to
weigh the operational benefits—such as improved decision accuracy and reduced downtime—against
these initial costs. Monitoring frameworks discussed in Losavio (2023) and Kopitar et al. (2025) also help
address data governance and regulatory hurdles.

Industry Scalability
Industries with large-scale data streams—such as manufacturing, healthcare, and finance—stand
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to benefit from robust, interpretable Al. However, real-time tasks like hospital triage (Aslam et al., 2024;
Khatoon et al., 2024; Mitra and Rehman, 2024) or real-time throughput optimization in factories (Mo-
hanty et al., 2024; Putz et al., 2022; Schollemann et al., 2022) could strain both hardware and personnel
resources. Skilled personnel and ongoing Al literacy programs, noted in Erkunt (2023), remain critical
factors. Nonetheless, successful case studies—like next-generation building management (Noran et al.,
2020) and advanced structural systems (Mohanty et al., 2024)—nhighlight the feasibility of scaling up data-
driven Al solutions with proper planning.

Conclusion and future work

In this study, we addressed multiple research gaps related to Al data-driven intelligence for navi-
gating organizational complexity, focusing on an entropy-based modeling approach for next-generation
management systems. We integrated entropy-based modules and a rule-based neural network model
(RBNN+EBDM),incorporating insights from the literature reviewed above, thereby bridging gaps in scal-
ability, legal compliance, and explainability.

Addressed Gaps

1. Entropy Integration: We successfully incorporated entropy-based measures, confirming higher ac-
curacy and interpretability, thus directly addressing the gap observed in Brunner et al. (2024), Jha
(2024), and Raju et al. (2024).

2. Scalability: Our experiments showed that the proposed framework scales effectively on cloud plat-
forms, fulfilling the recommendations in Whig et al. (2024), Raghav and Vyas (2024), Saadat (2023),
and Altintas et al. (2023).

3. Legal and Ethical Compliance: By embedding a rule-based layer that enforces compliance con-
straints, we responded to calls for transparency and legal conformity highlighted in Jha (2024) and
Losavio (2023).

4. Explainability: Our results support interpretable Al approaches, resonating with the viewpoints in
Kopitar et al. (2025), Pascual-Reguant (2024), and Pascual-Reguant (2025) on the importance of
clarity in data-driven solutions.

Hypothesis Proof

* H, was confirmed through significant improvements in accuracy and interpretability metrics, as evi-
denced by the higher entropy-confidence metric (EC) in Table 3 and Figures 3-5.

* H, was validated by our scalability tests in Table 5, demonstrating minimal drops in accuracy at in-
creased data volumes.

* H, was supported since the integration of compliance rules did not substantially degrade execution
speed, shown in Table 4’s controlled overhead results.

Detailed Insights from Each Table

Table 1 highlights the diversity and complexity of the datasets, informing the system’s robustness
when dealing with heterogeneous domains.

Table 2 shows the consistent preprocessing framework applied, ensuring data uniformity across
different sources.

Table 3 presents the core performance gains by the proposed model, illustrating the superiority in
both accuracy and F1-score.

Table 4 demonstrates manageable increases in computational cost, proving that advanced fea-
tures like entropy-based assessment still allow for feasible real-time performance.

Table 5 offers a fine-grained view of how the model maintains reliability despite escalating data
volumes, a critical factor in large-scale enterprise contexts.
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Detailed Insights from Each Figure

Figure 1 visually confirms the multi-layer data flow, emphasizing the synergy between rule-based
and entropy-based components.

Figure 2 focuses on the role of entropy in classifying data complexity and guiding adaptive decision
thresholds.

Figure 3 illustrates that our method converges faster and yields higher accuracy compared to
baseline models, confirming H.,.

Figure 4 quantifies execution time against data size, indicating stable overhead even in scenarios
with large volumes of input data.

Figure 5 consolidates the scalability perspective, highlighting consistent accuracy and F1-scores
under increasing workloads, thereby supporting H,.

Objectives Realized and Novelty

We achieved all study objectives by developing and validating an entropy-based Al framework
that is both interpretable and scalable. The originality of this research lies in combining entropy-based
modeling with a rule-based neural network for next-generation management, a methodological advance
on prior approaches (Raju et al., 2024; Sarmas et al., 2023; Xue and Zheng, 2024). The theoretical
contribution is evident in demonstrating how uncertainty metrics can guide real-time decisions, while the
practical benefit emerges in robust performance gains, particularly significant for industries that demand
instantaneous but transparent Al-driven decisions.

Theoretical and Practical Benefits

Theoretical: We extend the literature on data-driven Al in management science, offering a quantifi-
able means to address complexity and interpretability.

Practical: Our model can be seamlessly integrated into large-scale enterprise systems, with cost-
awareness and regulatory compliance designed into the framework.

In summary, the findings substantiate a powerful synergy of rule-based and entropy-based meth-
odologies for modern management demands. Future research could expand the system’s adaptability by
incorporating reinforcement learning, advanced generative models, and even deeper compliance metrics
that handle evolving legislative landscapes. Ultimately, this framework lays a foundation for more robust,
transparent, and high-performing next-generation management systems.
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Abstract: The aim of this study is to explore pre-service teachers’ perceptions regarding methodologies for enhancing
the cognitive activities of future mathematics teachers through the use of educational resources. The study was designed within
the framework of mixed research methodology integrating both quantitative and qualitative approaches. The participant group
consisted of 80 pre-service mathematics teachers enrolled at various universities in Aimaty, Kazakhstan. Data were collected
through a semi-structured interview form developed by the researchers, which included both closed-ended items to capture
participants’ self-reported cognitive awareness, cognitive flexibility, and mathematical thinking levels, and open-ended questions
to explore their perceptions and experiences. The findings indicate that the cognitive awareness levels of the participating pre-
service mathematics teachers are at a moderate level. Similarly, their levels of cognitive flexibility were found to be moderate. In
contrast, the participants demonstrated a high level of mathematical thinking. Despite this strength, the majority of participants
reported that they perceive themselves as only partially competent in terms of utilizing methodologies aimed at improving their
cognitive activities through educational resources. Based on these findings, it is concluded that there is a need for systematic
improvement in teacher education programs. In particular, curricula in faculties of education should be revised and restructured to
better integrate methodologies that support the development of cognitive activity through effective use of educational resources.

Keywords: Cognitive activity, cognitive awareness, cognitive flexibility, mathematical thinking, pre-service mathematics teachers

Introduction

Contemporary approaches to learning place learning, and so the learner, at the center of educational
processes. Within this perspective, learners are expected to develop an awareness of their own compe-
tences, abilities, planning skills, thinking processes, and behaviors, as well as to regulate and control their
cognitive processes (Uzunboylu, Tezer and Yildiz, 2020). In this context, learning to learn competencies—
often conceptualized under the umbrella of cognitive awareness—have become indispensable in today’s
society. These competencies encompass a broad range of higher-order skills, including the ability to monitor
‘Corresponding author: adiletmeirambekuly@gmail.com
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one’s own learning progress, articulate the rationale behind actions, reflect on affective states, engage in
planning and problem-solving, and exercise self-regulation and cognitive control. Such skills are increas-
ingly recognized as foundation for fostering autonomous and reflective learners (Sener and Mede, 2023).

Conceptual framework

Research in education indicate that improving students’ research, inquiry and higher-order think-
ing abilities is an essential mission of educational institutions (Antonio and Prudente, 2024). Cognitive
development is widely recognized as a fundamental component of effective education. In contemporary
teacher education programs, fostering pre-service teachers’ cognitive activity is essential not only for their
own professional growth but also for the quality of instruction they will provide to future learners (Glirsan,
Tapan-Broutin and Ipek, 2025). The capacity to reflect on one’s thinking, adapt flexibly to new situations,
and employ structured reasoning are all critical skills for pre-service teachers (Schoenfeld, 2016). Cogni-
tive activity involves the active construction of mental schemes (Ovadiya, 2025). For pre-service teachers,
this activity is twofold: they must engage with the content as learners and simultaneously analyze the
cognitive demands that various educational resources place upon their future students.

Therefore, it is crucial for pre-service teachers to not only build strong knowledge of their subject
matter and teaching methods but also to develop advanced cognitive abilities that will aid in their pro-
fessional and personal development (Christodoulou and Papanikolaou, 2023). Among these, cognitive
flexibility plays a crucial role, as it enables individuals to adapt their thinking to new situations, perspec-
tives, and problem contexts (Abdellah, 2015). Cognitive flexibility is defined as the mental ability to switch
between different concepts or to adapt one’s thinking to new, unforeseen situational requirements (Spiro
etal., 2012). In mathematics education, this manifests as the ability to approach a single problem through
multiple representations—algebraic, geometric, and numerical (Strayer, 2012). Pre-service teachers with
high perceived cognitive flexibility are better equipped to navigate “non-routine” problems and are more
likely to adopt student-centered methodologies that allow for diverse solution paths rather than rigid,
rule-based instruction. Furthermore, teacher self-efficacy is recognized as a key factor influencing the
successful enactment of teaching practices (Wyatt, 2014).

Teaching itself constitutes a cognitively, socially, and emotionally demanding professional practice,
involving continuous processes of thinking, monitoring, planning, and evaluation. In order to effectively
support teachers’ professional development, it is necessary to establish learning environments that foster
not only pedagogical competence but also cognitive development (Jennings and Greenberg, 2009). In
this regard, the deliberate use of cognitive processes—often framed as thinking about thinking—across
different stages of instructional practice contributes significantly to the effectiveness of teaching. Indeed,
teachers’ capacity to monitor and evaluate classroom interactions, particularly the dynamic relationship
between teacher and student, is closely linked to their cognitive awareness (Saricam and Ogurlu, 2015).

Cognitive awareness, often associated with metacognitive functioning, can be defined as an indi-
vidual's capacity to rapidly evaluate the significance of a given situation, concept, or event (Broom, 2010).
This capacity supports the regulation of higher-order thinking processes, including planning, monitoring,
and evaluating problem-solving strategies. Moreover, it enables individuals to detect, correct, and reflect
upon errors during the learning process (Menlah and Boateng, 2025). Within educational contexts, the
quality of teacher—student interactions plays a pivotal role in determining not only what is taught, but also
how, when, and to whom instruction is delivered. In this sense, cognitive awareness facilitates learners’
ability to organize their knowledge structures and develop a deeper understanding of their own learning
processes (Klassen and Chiu, 2011). Schraw and Dennison (1994) argue that high levels of cognitive
awareness allow individuals to plan, sequence, and monitor their problem-solving strategies. For pre-ser-
vice teachers, perceiving one’s own cognitive awareness is a prerequisite for developing the “professional
noticing” required to identify and address student misconceptions (Sherin and van Es, 2009)

Related research

A review of the relevant literature indicates that cognitive awareness in teacher education is a
multifaceted construct associated with a wide range of variables. Empirical studies have demonstrated
significant relationships between cognitive awareness and academic achievement (Abdellah, 2015), pro-
fessional experience (Ates and Ceran, 2020), reading proficiency (Negretti and Kuteeva, 2011), cognitive
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flexibility (Yurt and Saracaloglu, 2026), and self-regulation (Whitebread and O'Sullivan, 2012). Within
the dynamic and complex nature of learning processes, both cognitive awareness and critical thinking
are increasingly emphasized in teacher education programs as essential components for developing
meaningful learning and robust reasoning skills among pre-service teachers (Lee, Teo and Chai, 2010).
Cognitive awareness is reported as a critical predictor of problem-solving success and pedagogical ef-
ficacy. Research indicates that pre-service teachers who possess high levels of cognitive awareness
are better equipped to monitor their own understanding and regulate their instructional strategies (Wil-
son and Clarke, 2004). Desoete (2009) argues that cognitive “off-line” processes—prediction, planning,
monitoring, and evaluation—are essential for pre-service teachers to bridge the gap between theoretical
knowledge and classroom practice. However, Kuzle (2017) suggests that while pre-service teachers may
recognize the importance of cognitive awareness, they often struggle to implement these processes when
faced with complex mathematical tasks, indicating a discrepancy between theoretical awareness and
practical application.

On the other hand, cognitive flexibility allows teachers to represent mathematical concepts in mul-
tiple ways and to adapt their instruction to the diverse needs of students. According to Eraky, Leikin and
Hadad (2025), cognitive flexibility is particularly vital in domains like mathematics education. In the realm
of teacher education, Silver (1997) identifies flexibility as a core component of mathematical creativity,
involving the ability to switch between different solution strategies. Kusci and Yurt (2026) emphasize
that pre-service teachers often exhibit cognitive rigidity due to their own experiences with traditional,
rote-based learning, which poses a significant challenge for modern teacher education programs that em-
phasize adaptive expertise. Several empirical studies provide further insight into these relationships. For
instance, Clipa, Ignat and Rusu (2011) investigated the interrelations among pre-service teachers’ self-
assessment, learning motivation, and metacognitive levels in a sample of 92 students enrolled in the De-
partment of Educational Sciences at Suceava University. Their findings revealed a statistically significant
and positive relationship between metacognitive abilities and self-evaluation levels. Moreover, a strong
positive association was identified between self-evaluation and academic performance, underscoring the
role of metacognitive processes in academic success. In a related study, Halamish (2018) examined the
relationship between learning strategies and cognitive knowledge among 83 in-service teachers and 82
pre-service teachers. The findings indicated that the use of learning strategies did not lead to significant
differences in participants’ cognitive knowledge levels. Furthermore, the study reported that teachers’
knowledge of learning strategies did not substantially increase with years of professional experience,
suggesting that experience alone may not be sufficient for the development of metacognitive competence.
Braund and Soleas (2019) explored teachers’ and pre-service teachers’ cognitive conceptualizations,
practices, and beliefs through a mixed-methods design involving 43 teachers and 45 teacher candidates.
The results demonstrated that both groups experienced difficulties in effectively implementing metacog-
nitive processes in instructional contexts. While in-service teachers exhibited more practical, context-
sensitive, and creative forms of metacognitive adaptation in classroom settings, pre-service teachers
were found to require additional support in developing coherent conceptual understanding and in op-
erationalizing metacognitive knowledge. Focusing on instructional design, Kwanjai and Sumalee (2012)
examined the development of a constructivist learning environment model aimed at enhancing cognitive
flexibility in higher education. Their findings suggested that the proposed model was theoretically coher-
ent and aligned with established instructional design principles. Importantly, students who engaged with
this model demonstrated higher levels of cognitive flexibility and academic achievement, highlighting the
potential of constructivist approaches to support advanced cognitive development.

Recent literature has increasingly focused on the intersection of cognitive competencies and the
pedagogical integration of modern educational resources. For instance, Birgili et al. (2025) highlighted
a critical theory-to-practice gap, revealing that while pre-service mathematics teachers may exhibit high
theoretical awareness of cognitive strategies, they frequently experience cognitive overload when at-
tempting to embed these strategies within resource-rich lesson plans. Furthermore, a study by Depaepe
et al. (2015) corroborated that pre-service teachers struggle significantly with the metacognitive evalua-
tion phase of instructional design, often failing to anticipate how specific educational resources will alter
the cognitive demand of a mathematical task. These findings collectively argue that modern teacher edu-
cation programs must move beyond isolated cognitive training, instead embedding cognitive awareness
and flexibility development directly within the context of resource-integrated pedagogical design.
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Moreover, the rapid proliferation of artificial intelligence and advanced algorithmic tools in edu-
cational settings has introduced a new layer of complexity to pre-service teachers’ cognitive activities.
Bernardi et al. (2025) highlights that while pre-service mathematics teachers are increasingly exposed to
generative digital resources, their cognitive regulation often lags their technical fluency. When designing
tasks using these advanced educational resources, prospective teachers frequently experience a peda-
gogical disconnect, where their high personal mathematical thinking does not successfully translate into
cognitively demanding task design for students. This underscores a critical need to understand how the
integration of next-generation digital resources impacts the self-efficacy and cognitive awareness of future
educators, shifting the focus from mere tool utilization to cognitive orchestration.

Furthermore, the demand for cognitive flexibility has been amplified by the widespread adoption
of interactive and collaborative mathematics platforms. A study by Ochogboju and Diez-Palomar (2025)
within the context of technology-mediated learning environments revealed that pre-service teachers often
struggle with representational flexibility during real-time, technology-mediated instruction. Although par-
ticipants in their study demonstrated a strong theoretical grasp of multiple mathematical representations,
they exhibited representational rigidity when forced to adapt their instructional strategies spontaneously
in response to student interactions within digital spaces. This finding suggests that modern educational
resources, rather than naturally fostering cognitive flexibility, may actually expose underlying deficits in
pre-service teachers’ adaptive pedagogical expertise.

The intersection of cognitive monitoring and resource utilization has also been a focal point of
recent empirical investigations. Investigating the use of immersive and gamified mathematics resources,
Dundar and Ozturk (2026) observed that pre-service teachers often over-rely on the external scaffolding
provided by the software, thereby diminishing their internal cognitive regulation. Their research indicated
that the rich informational feedback embedded in modern educational resources can induce cognitive
overload, making it exceedingly difficult for novice teachers to critically evaluate whether the mathematical
learning objectives are being authentically met. Consequently, a pre-service teacher’s perceived compe-
tence in using these resources may sometimes be an illusion, masking a deeper inability to orchestrate
meaningful conceptual development.

More recently, the concept of pedagogical friction has emerged as a crucial lens for examining the
gap between abstract mathematical thinking and practical instructional implementation. As articulated
by Salsabillah, Wagyina and Rohmah (2026), pre-service mathematics teachers frequently construct a
highly idealized mathematical identity, perceiving themselves as creative and proficient problem solv-
ers. However, when required to deploy complex educational resources to mediate student learning, this
idealized self-perception often clashes with practical instructional realities, resulting in a sharp decline in
pedagogical self-efficacy. Their findings demonstrate that high mathematical thinking alone is insufficient;
without targeted training in the cognitive and pedagogical orchestration of educational tools, pre-service
teachers remain conceptually strong but pedagogically constrained.

As highlighted by Weigand, Trgalova and Tabach (2024), modern teacher preparation must evolve
beyond the mere introduction of educational technologies and resources. Instead, the instructional focus
must pivot towards explicitly cultivating the intersectional domain of cognitive flexibility and resource-
based pedagogical content knowledge. Understanding how pre-service teachers perceive their cognitive
competencies in this rapidly evolving, resource-rich educational landscape is no longer just a theoretical
inquiry; it is a vital prerequisite for designing interventions that transform theoretical mathematical know!-
edge into adaptive, highly effective teaching practices.

The literature suggests that while cognitive awareness and related constructions such as cognitive
flexibility and mathematical thinking are widely recognized as critical components of teacher education,
there remain notable challenges in their effective development and implementation. In particular, translat-
ing these cognitive competencies into practice can be challenging, suggesting that pre-service teachers
could benefit from further structured and systematic support.

The final strand of literature explores how pre-service teachers perceive their own cognitive com-
petencies. Bandura’s (2013) social cognitive theory posits that self-efficacy—the belief in one’s ability
to succeed—is a primary driver of behavior. In mathematics education, Charalambous (2015) found a
strong correlation between a teacher’s self-perception of their cognitive abilities and the cognitive level of
the instruction they provide. If pre-service teachers perceive themselves as lacking in cognitive flexibility
or awareness, they are less likely to employ innovative methodologies that require these traits. Thus,
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understanding these perceptions is vital for designing teacher education curricula that not only provide
tools but also build the internal confidence necessary to use them effectively. Indeed, following the accel-
erated digitalization of learning environments, the conceptualization of cognitive activity has expanded to
include the orchestration of complex educational resources. Recent research emphasize that pre-service
mathematics teachers must develop “adaptive pedagogical expertise” to navigate technology-rich and
resource-diverse environments (Engelbrecht, Llinares and Borba, 2020). The integration of dynamic ge-
ometry software, virtual manipulatives, and advanced modeling resources demands a higher threshold
of cognitive flexibility and metacognitive monitoring than traditional instructional methods. Consequently,
the ability to select, evaluate, and pedagogically integrate these resources is no longer a peripheral skill
but a core component of mathematical knowledge for teaching (Stoilescu, 2015). This paradigm shift
underscores the urgent need to understand how prospective teachers perceive their cognitive readiness
to mediate student learning through these advanced educational tools.

Purpose of the research

The primary aim of this study is to examine pre-service mathematics teachers’ perceptions of
methodologies aimed at enhancing their cognitive activity through the use of educational resources. In
particular, the study seeks to explore how pre-service teachers evaluate their own cognitive competencies
and their preparedness to engage with pedagogical approaches that foster cognitive development.

In line with this overarching aim, the study is guided by the following research questions:

1. How do pre-service mathematics teachers perceive their levels of cognitive awareness?
2. How do pre-service mathematics teachers perceive their levels of cognitive flexibility?
3. How do pre-service mathematics teachers perceive their levels of mathematical thinking?

4. To what extent do pre-service mathematics teachers perceive themselves as competent in employ-
ing methodologies aimed at enhancing their cognitive activities through educational resources?

Materials and methods

Research design

This study was designed within the framework of a mixed-methods approach, integrating both
quantitative and qualitative data to provide a comprehensive understanding of pre-service mathematics
teachers’ cognitive competencies and their use of educational resources. Specifically, a convergent paral-
lel mixed-methods design was adopted, in which quantitative and qualitative data were collected concur-
rently, analyzed separately, and then integrated during the interpretation phase.

The quantitative component of the study aimed to identify general trends in participants’ self-re-
ported cognitive awareness, cognitive flexibility, and mathematical thinking levels through descriptive sta-
tistical analysis (e.g., frequency, percentage, and mean scores). This strand enabled the researchers to
capture the overall distribution and tendencies within the participant group.

Complementing this, the qualitative component focused on exploring participants’ in-depth per-
spectives regarding their competencies in utilizing educational resources to enhance cognitive activi-
ties. Qualitative data obtained from open-ended responses were analyzed through categorization and
thematic interpretation, allowing for a nuanced understanding of participants’ experiences and perceived
challenges. Employing a mixed-methods design allowed for the triangulation of data and enhanced the
validity of the findings (Creswell and Poth, 2016). While quantitative data provide a broad overview of
cognitive competency levels, the qualitative findings offer explanatory depth by revealing how and why
participants perceive themselves as competent or insufficient in specific areas.

Participants

The participants of the study consisted of 80 pre-service mathematics teachers enrolled in the De-
partments of Mathematics Education at various universities in Almaty, Kazakhstan, during the 2021-2022
academic year. Participation in the study was voluntary, and all participants were informed about the purpose
of the research prior to data collection. Table 1 shows the demographic characteristics of the participants.
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Table 1. Demographic Characteristics of Participants

Variable Category Frequency (f) Percentage (%)
Gender Female 33 41.25%
Male 47 58.75%
15 Year 11 13.75%
, 2" Year 16 20.00%
Academic Year 39 Year 20 25.00%
4™ Year 33 41.25%
Total 80 100%

Of the participant pre-service mathematics teachers, 33 were female and 47 were male. In terms of
academic level, 11 participants were first-year students, 16 were second-year students, 20 were third-year
students, and 33 were fourth-year students. This distribution allowed for the inclusion of perspectives from
different stages of teacher education, thereby enriching the dataset.

Data collection tools

The data for this study were collected through a semi-structured interview form developed by the
researchers. During the development process, a comprehensive review of relevant literature was con-
ducted to ensure conceptual alignment with existing studies. Based on this review, a preliminary version
of the interview form was constructed to elicit pre-service mathematics teachers’ perspectives on method-
ologies aimed at enhancing their cognitive activities through educational resources. To establish content
validity, the draft interview form was submitted to three experts in the field of mathematics education and
educational sciences. Following their feedback, necessary revisions were made to improve the clarity,
relevance, and representativeness of the items.

Subsequently, a pilot implementation was conducted with two pre-service mathematics teachers
to assess the comprehensibility and functionality of the instrument. Based on the positive feedback ob-
tained, the interview form was finalized for data collection. The participants involved in the pilot study were
excluded from the main study sample. The final version of the semi-structured interview form is presented
in the Appendix.

Data collection process

Due to logistical considerations, the data collection process was conducted through electronic com-
munication. Initially, pre-service mathematics teachers were contacted via email and informed about the
purpose and scope of the study. Those who voluntarily agreed to participate were sent the semi-structured
interview form electronically. Participants were asked to complete the interview form and return it to the
researchers via email. The entire data collection process, including the completion and submission of the
interview forms, was carried out over a period of approximately one month. This procedure ensured flex-
ibility and allowed participants sufficient time to provide thoughtful and reflective responses (Brinkmann
and Kvale, 2015), thereby enhancing the richness of the qualitative data.

Data collection analysis

The data obtained from the semi-structured interview forms were analyzed using a combination
of descriptive and content analysis techniques. Responses to closed-ended items were analyzed quan-
titatively through frequency, percentage, and mean score calculations, allowing for the identification of
general trends in participants’ responses.

For Likert-type items, a three-point scale was employed, where “Always” was assigned 3 points,
“‘Sometimes” 2 points, and “Never” 1 point. The interpretation intervals for mean scores were determined
as follows: 2.34-3.00 (Always), 1.67-2.33 (Sometimes), and 1.00-1.66 (Never). These intervals facili-
tated the systematic interpretation of participants’ responses.

Responses to open-ended questions were analyzed qualitatively through categorization and thematic
grouping. Codes were generated to identify recurring patterns in the participants’ perceptions of cognitive
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methodologies. Frequencies and percentages were also calculated to support the interpretation of qualitative
findings. In addition, direct quotations from participants were included to enhance the credibility and richness
of the data. To ensure confidentiality, participants were anonymized using codes (e.g., TC-1, TC-2, TC-3).

Validity and Reliability

In order to ensure the methodological rigor of the study, several strategies were employed to en-
hance the validity and reliability of both the quantitative and qualitative components within the mixed-
methods framework. For the quantitative strand, internal consistency was supported through the use of
clearly defined Likert-type items and standardized scoring procedures. The interpretation intervals for mean
scores were determined a priori to ensure consistency in data interpretation. The use of descriptive sta-
tistics (frequency, percentage, and mean) contributed to the transparency and replicability of the findings.

For the qualitative strand, measures have been taken to ensure the validity and reliability of the
research (Creswell and Poth, 2016). To enhance credibility, the data collection instrument was reviewed
by experts and piloted prior to implementation. Direct quotations from participants were included to ensure
that findings accurately reflected participants’ perspectives. To strengthen the reliability of qualitative anal-
ysis, an inter-coder agreement procedure was employed. A second researcher independently coded a
subset of the data, and the level of agreement between coders was calculated using the formula proposed
by Miles and Huberman (1994): agreement / (agreement + disagreement). The resulting agreement rate
exceeded the commonly accepted threshold of 80%, indicating a satisfactory level of coding reliability. A
systematic and transparent data analysis process, including clear documentation of coding procedures
and category development was undertaken.

Findings and Interpretations

This section presents the findings obtained from both the quantitative and qualitative components
of the study in an integrated manner. The findings are organized around the main variables of the re-
search, namely cognitive awareness, cognitive flexibility, mathematical thinking, and competencies in the
use of educational resources.

Pre-service Mathematics Teachers’ Perceptions of Their Cognitive Awareness

The first research question investigated how pre-service mathematics teachers perceive their own
levels of cognitive awareness during the learning process. The quantitative distribution of the participants’
responses, including frequencies (f), percentages (%), and mean scores (X), is presented in Table 2.

Table 2. Descriptive Analyses of Pre-service Teachers’ Perceptions of Cognitive Awareness

ltem Always Sometimes Never Total Mean
f % f % f % f % X
1. While listening to the lecture, | question 24 30 49 525 14 175 80 100 212

whether | understand

2. | try to understand the purpose of the subject |
will learn in the lesson. 32 40 38 475 10 125 80 100 227

3. When | encounter a problem related to a
subject that | do not know in the lesson, | 34 425 39 4875 7 8.75 80 100 2.33
anticipate possible solutions about that subject.

4. Getting support from the teacher about the subject
of the lesson helps me to be a successful student. 131625 51 6375 16 2 80 100 1.9

5. I can identify critical concepts of the subject of 19 2375 33 4125 928 35 80 100 165
the lesson

6. | can evaluate myself whether the course has
achieved its objectives or not. 9 M2 41 5125 30 375 &0 100 173

Composite Mean Score 2.01

Note: Interpretation intervals: 1.00-1.66 (Low/Never); 1.67-2.33 (Moderate/Sometimes); 2.34-3.00 (High/Always)
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As illustrated in Table 2, the composite mean score for cognitive awareness is $\bar{X} = 2.01$,
which falls within the “Moderate” range according to the predefined interpretation intervals. This sug-
gests that while pre-service teachers possess a foundational level of awareness regarding their mental
processes, this awareness is inconsistent and varies significantly across different cognitive dimensions.

The findings indicate that participants perceive themselves as most competent in the predictive and
orienting phases of cognitive activity. The highest level of agreement was observed for ltem 3, regarding
the anticipation of solutions for unfamiliar problems (X = 2.33). This is closely followed by the effort to
understand the purpose of the subject matter (Item 2, X = 2.27). These findings suggest that pre-service
teachers are inclined toward “forward-looking” cognitive strategies, prioritizing the goal-setting and pre-
paratory stages of mathematical engagement.

In contrast, a significant decline in perceived competence was observed in items related to higher-
order metacognitive regulation and self-evaluation. Specifically, the ability to identify critical conceptual
structures (Item 5) yielded the lowest mean score (X = 1.65), bordering on the “Low” perception interval.
Furthermore, the capacity for self-evaluation regarding the attainment of learning objectives (ltem 6) was
also notably low (X = 1.73). These findings reveal a critical pedagogical gap: while pre-service teachers
are moderately active in “monitoring” their listening (Item 1, X = 2.12), they struggle to “evaluate” the
outcomes of that cognitive effort. This suggests that their cognitive awareness is more procedural than
structural; they can engage in the act of learning but find it difficult to identify the core mathematical es-
sence or determine the success of their own cognitive trajectories. The moderate reliance on external
support (Item 4, X = 1.96) further reinforces this conclusion, suggesting that participants may lack the
necessary internal metacognitive scaffolds to achieve independent conceptual mastery, often looking to
the instructor to bridge the gap in their own cognitive awareness.

Pre-service Mathematics Teachers’ Perceptions of Their Cognitive Flexibility

The second research question aimed to determine the perceived levels of cognitive flexibility among
pre-service mathematics teachers, specifically focusing on their ability to adapt their thinking and behav-
iors to varied pedagogical and mathematical contexts. Table 3 presents the distribution of pre-service
mathematics teachers’ responses regarding their levels of cognitive flexibility.

Table 3. Descriptive Analyses of Pre-service Teachers’ Perceptions of Cognitive Flexibility

" Always Sometimes Never Total Mean
em
f % f % f % f % X
1. I can express an idea in many
different ways 26 325 30 375 24 35 80 100  2.02

2. | can find useful solutions to
problems that seem unsolvable.

3. lamwilling to produce creative
. 23
solutions to problems.

19 2375 43 5375 18 22.5 80 100 2.0

2875 51 6375 6 75 80 100  2.21
4. | am confident enough to try dif- 36 45
ferent behavior patterns.

5. Inany situation that | encounter, 49
| can act appropriately.

Composite Mean Score 2.24

39 4875 5 6.25 80 100  2.38

6125 28 35 3 3.75 80 100 257

Note: Interpretation intervals: 1.00-1.66 (Low); 1.67-2.33 (Moderate); 2.34-3.00 (High)

The findings presented in Table 3 indicate that the overall perceived cognitive flexibility of pre-
service teachers stands at a moderate to high level (X = 2.24). However, a granular analysis reveals a
bifurcated perception: participants report high confidence in situational and behavioral adaptation, yet
display comparative hesitation regarding deep cognitive and representational flexibility.

The data reveals that pre-service teachers possess a high degree of self-efficacy regarding their
general adaptability. The highest mean scores were recorded for “acting appropriately in encountered
situations” (Item 5, X = 2.57) and the “confidence to try different behavior patterns” (ltem 4, X = 2.38).
These scores suggest that the participants perceive themselves as socially and professionally agile, a trait
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often associated with the affective domain of professional identity. This perceived behavioral flexibility is
a vital precursor to classroom management and instructional responsiveness.

In contrast to their high behavioral confidence, participants reported lower scores in dimensions direct-
ly related to mathematical cognition. Specifically, the ability to express an idea in multiple ways (ltem 1, X =
2.02) and finding solutions to seemingly unsolvable problems (ltem 2, X = 2.01) remained at the lower end of
the moderate range. While 61.3% of participants “Always” feel they can act appropriately in a general sense,
only 32.5% feel they can “Always” express mathematical ideas in diverse ways. This suggests that while
pre-service teachers are willing to be creative (Item 3, X = 2.21), they may lack the specific cognitive tools or
“‘adaptive expertise” necessary to translate this willingness into multiple mathematical representations.

Indeed, the cognitive flexibility of pre-service teachers appears to be more “situational” than “con-
ceptual.” Their high perceived ability to adapt behaviorally indicates a readiness for the social demands
of teaching; however, the moderate scores in representational flexibility highlight a potential vulnerability.
Without the ability to pivot between different mathematical explanations and solution strategies, these
pre-service teachers may struggle to support students who require diverse pedagogical approaches to
grasp complex concepts.

Pre-service Mathematics Teachers’ Perceptions of Their Mathematical Thinking

The third research question explored how pre-service teachers perceive their mathematical think-
ing skills, with a focus on creativity, connectivity, and the application of non-routine strategies. The de-
scriptive analyses of pre-service teachers’ perceptions of mathematical thinking are presented in Table 4.

Table 4. Descriptive Analyses of Pre-service Teachers’ Perceptions of Mathematical Thinking

Always Sometimes Never Total Mean
F % F % F % F % X

1. My mqthemqtical thinking skills are used 38 475 30 375 12 15 80 100 232
in solving daily life problems.

[tem

2. Agood mathematician is one who has a
high level of creative thinking. 47 5875 29 3625 4 5 80 100 253

3. | solve problems in unconventional ways 35 4375 39 4875 8 10 80 100 238
with my mathematical thinking skills ' ' '

4. With my mathematical thinking skills,

| can connect with my old knowledge 44 55 33 4125 3 3.75 80 100 2.51
while constructing new knowledge.
Composite Mean Score 2.43

Note: Interpretation intervals: 1.00-1.66 (Low); 1.67-2.33 (Moderate); 2.34-3.00 (High)

The findings indicate that pre-service mathematics teachers possess a high level of perceived
mathematical thinking (X = 2.43). Unlike the previous dimensions of awareness and flexibility, which were
perceived as moderate, participants appear more confident in their identity as mathematical thinkers and
their ability to integrate complex cognitive processes.

The highest mean scores were associated with the broader, more philosophical aspects of math-
ematics. Participants strongly identified with the notion that mathematical excellence is intrinsically linked
to creative thinking (Item 2, X = 2.53). This suggests a move away from the traditional view of mathemat-
ics as a purely algorithmic discipline. Furthermore, the ability to bridge prior and new knowledge (ltem 4, X
=2.51) was perceived as a significant strength. According to Ausubel’s (1968) meaningful learning theory,
this connection-making is the cornerstone of conceptual development, and the high scores here indicate
that pre-service teachers value and perceive themselves as active constructors of mathematical meaning.

In terms of application, participants reported a high tendency toward using unconventional methods
(Item 3, X = 2.38), which aligns with the “specializing and generalizing” processes described by Mason
et al. (2010). However, the application of mathematical thinking to daily life problems (Item 1, X = 2.32)
received the lowest score within this high-performing category. This suggests a slight “abstraction gap™—
while participants feel competent in the theoretical and creative realms of mathematical construction, they
find it slightly more challenging to externalize these skills into concrete, real-world contexts.
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Pre-service Teachers’ Perceptions of Competence in Enhancing Cognitive Activity via
Educational Resources

The final research question examined the extent to which pre-service mathematics teachers per-
ceive themselves as competent in employing specific methodologies and educational resources to fos-
ter cognitive activity. Table 5 presents the distribution of the competencies of pre-service mathematics
teachers participating in the research regarding the methodologies of improving their cognitive activities
through educational resources.

Table 5. Perceived Competencies of Pre-service Mathematics Teachers Regarding Methodologies to Improve
Cognitive Activities Through Educational Resources

Category  Representative Qualitative Excerpts f %

TC-4: 1 find myself very competent in this regard. | think | am very competent in using

é educational resources in the digital age and in the online education process.
£ TC-48: When | think of educational resources, | first think of additional resources and the 5 6.25
2 internet. | am very proficient in benefiting from additional resources in terms of cognitive '
§ activities.

TC-61: I am very proficient in cognitive activities, especially using mobile devices.

TC-9: | find myself sufficient. | can use different methods, techniques and materials for
= cognitive activities.
3 TC-27: | consider myself sufficient to benefit from cognitive activities, especially from edu- 17 2195
S cational resources to improve problem-solving skills. '
@ TC-77: While solving a problem, | am proficient in using educational resources to explore

different solutions and more advanced problems.
s TC-33: Although the training we received aims to give us competence in this field, | find
£ myself partially sufficient.
2 TC-40: | think | am partially competent because | do not have enough motivation to develop 44 55
= cognitive activities.
£ TC-80: | think that | need to improve myself in using educational resources. Therefore, |
& find myself partially sufficient.

TC-1: I think | am inadequate. This is because | do not have enough information to improve
I cognitive activities.
2 TC-23: | don't think | have any qualifications in this field yet. 1 13.75
2 TC-62: Although | try to improve myself, there are many resources to benefit from in terms '
= of cognitive activities. It is not possible to take advantage of the lack of time. That's why |

think I'm inadequate.
Y= TC-10: | am very inadequate. Because | spend very little time to improve myself outside of
3 classroom activities.
5 TC-55: 1 am very inadequate in benefiting from educational resources for the development 3 3.75
2 of cognitive activities. :
s TC-59: Even though there are courses on cognitive activities in the training given to us, |
=

am very inadequate in using the educational resources effectively.
Total 80 100

Table 5 reveals a stark contrast to the participants’ high self-perceptions of mathematical thinking.
A substantial majority of pre-service teachers (72.5%) categorize themselves as only “Partially Sufficient,”
“Insufficient,” or “Very Insufficient.” This suggests a significant theory-to-practice gap in mathematics
teacher education.

The largest cohort of participants (55%) identified as “Partially Sufficient.” The qualitative data sug-
gests that this perception is rooted in an awareness of their own limitations rather than a lack of exposure.
For instance, TC-33 noted that while their formal training aimed for competence, the internal sense of
mastery remains incomplete. This category represents a state of “conscious incompetence,” where stu-
dents recognize the importance of cognitive resources (such as digital tools or non-routine problems) but
lack the Pedagogical Content Knowledge to implement them effectively.

A small but notable group (6.25%) felt “Very Sufficient,” primarily citing their fluency with digital
and mobile technologies (TC-4, TC-61). However, the qualitative responses from the “Insufficient” group
(13.75%) highlight a critical barrier: Information Overload and Time Constraints. As TC-62 observed, the
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sheer volume of available resources, coupled with a lack of time, renders them unable to benefit from
these tools. This indicates that digital literacy alone does not equate to pedagogical competence in foster-
ing cognitive activity.

The findings identify two primary inhibitors of perceived competence which are metacognitive
knowledge gaps and affective barriers. Participants like TC-1 explicitly mentioned a lack of “information”
on how to specifically improve cognitive activities, despite having mathematical knowledge, interpreted as
metacognitive knowledge gaps. For the affective barriers, for example TC-40 attributed their partial com-
petence to a lack of “motivation,” suggesting that the drive to move beyond traditional teaching methods
is a prerequisite for developing these advanced instructional skills.

Indeed, while pre-service teachers perceive themselves as strong mathematical thinkers, they feel
largely unprepared to translate that thinking into classroom practice through educational resources. The
dominance of the “Partially Sufficient” category indicates that teacher education programs may be suc-
cessful in introducing the concept of cognitive enhancement but are less successful in providing the
procedural fluency required for confident implementation.

Discussions

The findings of this study indicate that pre-service mathematics teachers exhibit moderate levels
of cognitive awareness and moderate levels of cognitive flexibility. These findings are consistent with
previous research showing a positive relationship between cognitive awareness and cognitive flexibility
among teacher candidates (Hermita and Thamrin, 2015; Yurt and Saracaloglu, 2026). The studies in the
literature report pre-service teachers’ levels of cognitive awareness and flexibility as moderate or high. For
example, Ghonsooly, Khajavy and Mahjoobi (2014) found no significant gender differences in cognitive
awareness levels, while Abdellah (2015) identified a positive relationship between cognitive awareness
and academic achievement, suggesting that higher cognitive awareness is associated with improved
academic performance.

Regarding mathematical thinking, the findings show that participants demonstrate a high level per-
ception of mathematical thinking. This aligns with prior studies reporting a significant relationship between
mathematical thinking and problem-solving skills among teachers and teacher candidates (Cai, 2002;
Nunokawa, 2005). Yorulmaz, Cokcaliskan and Celik (2018) found that pre-service primary school teach-
ers exhibited high levels of mathematical thinking, moderate individual innovativeness, and pronounced
inquisitiveness within the innovativeness dimensions. Conversely, other studies have reported weaker
mathematical thinking skills among students and pre-service teachers (Mubark, 2012; Yesildere, 2007).
Song and Ginsburg (1987) emphasized that the development of mathematical thinking is influenced by
environmental and cultural factors, including classroom practices, teacher attitudes, parental expecta-
tions, and educational support.

An important finding of this study is the relatively high level of mathematical thinking, which appears
to be inconsistent with the moderate levels of cognitive awareness and flexibility. This difference suggests
that mathematical thinking, as perceived by pre-service teachers, may be more closely associated with
procedural fluency and problem-solving performance rather than with reflective and cognitive dimensions
of thinking. In other words, participants may perceive themselves as competent in “doing mathematics”
without necessarily engaging in deeper processes of “thinking about their thinking”. The dissonance be-
tween high perceived mathematical thinking and moderate cognitive awareness can also be interpreted
through the lens of recent technological dependencies in mathematics education. As highlighted by Ber-
nardi et al. (2025), pre-service teachers operating in highly digitalized, computationally rich environments
often experience an illusion of mathematical competence. Because advanced computational tools and
dynamic software seamlessly handle procedural heavy lifting and immediate visualization, prospective
teachers may artificially inflate their self-reported mathematical thinking. However, this technologically
mediated fluency frequently bypasses the productive tasks necessary for deep cognitive monitoring, ex-
plaining why their foundational cognitive awareness remains merely moderate.

Furthermore, the majority of pre-service mathematics teachers in the present study reported be-
ing partially competent in methodologies for enhancing their cognitive activities through educational re-
sources. This finding resonates with Ozdemir’s (2008) research, which highlighted that pre-service teach-
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ers often encounter difficulties in effectively integrating educational materials and resources to develop
mathematical skills. Salsabillah, Wagyina and Rohmah (2026) suggest that when pre-service teachers
evaluate their own mathematical thinking, they inherently rely on traditional, algorithmic benchmarks
rather than their capacity for adaptive, resource-integrated problem-solving. This compartmentalized
view—where mathematical thinking is divorced from pedagogical flexibility—provides a crucial explana-
tion for why participants feel confident in their subject-matter knowledge yet exhibit representational rigid-
ity (Ochogboju and Diez-Palomar, 2025) when required to translate this mathematical knowledge across
diverse digital and interactive educational mediums. From a broader perspective, this finding points to a
critical gap between access to educational resources and the ability to use these resources in cognitively
productive ways. It suggests that exposure to educational technologies or materials alone is insufficient;
rather, what is required is a structured pedagogical framework that explicitly links resource use with the
development of cognitive awareness and cognitive flexibility competencies. While some studies noted ba-
sic difficulties in material integration, Diindar and Ozttirk (2026) reveals a modernized form of pedagogical
friction. Pre-service teachers today are overwhelmed by the cognitive load required to evaluate, select,
and orchestrate highly interactive or Al-driven educational resources. Their self-admitted partial compe-
tence is not necessarily a reflection of technological illiteracy, but rather a deficit in pedagogical cognitive
flexibility—the specific capacity to dynamically align digital resource affordances with students’ emergent
cognitive needs during instruction.

Conclusion

This study set out to examine pre-service mathematics teachers’ cognitive competencies—namely
cognitive awareness, cognitive flexibility, and mathematical thinking—and their perceived competence in
utilizing educational resources to enhance these cognitive activities. The findings reveal a differentiated
and, to some extent, fragmented profile of cognitive development.

While pre-service teachers demonstrated moderate levels of cognitive awareness and cognitive
flexibility, their mathematical thinking levels were found to be relatively high. This asymmetrical pattern
suggests that mathematical thinking, as developed within current teacher education contexts, may not
be sufficiently supported by corresponding cognitive and adaptive regulatory processes. In other words,
pre-service teachers appear to be capable of engaging in mathematical problem-solving and knowledge
construction, yet they may lack the cognitive depth required to systematically monitor, evaluate, and
regulate these processes.

This finding, when considered alongside the discussion, points to a critical conceptual gap: the de-
velopment of mathematical thinking does not necessarily guarantee the development of cognitive aware-
ness and flexibility. Rather, these dimensions seem to evolve independently unless explicitly integrated
within instructional and pedagogical frameworks.

Furthermore, the fact that the majority of participants perceived themselves as only partially com-
petent in employing methodologies to enhance cognitive activities through educational resources high-
lights a structural limitation in teacher education programs. Despite the increasing availability of diverse
educational resources—particularly in digital environments—pre-service teachers may lack the pedagogi-
cal knowledge and strategic competence required to utilize these resources in ways that effectively foster
cognitive development.

Recommendations

Based on the findings of this study, the following recommendations are proposed to support the
development of pre-service mathematics teachers’ cognitive activities through educational resources.

From the professional development initiatives perspective; conferences, seminars, and workshops
focusing on cognitive awareness, cognitive flexibility, and self-efficacy should be organized for pre-service
mathematics teachers within faculties of education. These initiatives would help strengthen cognitive
competencies and mathematical thinking skills in practical contexts.

From the curriculum enrichment and reform context; course curricula for pre-service mathematics
teachers should be enriched with structured practices and activities explicitly aimed at enhancing cogni-
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tive competencies, including critical thinking, reflective learning, and creative problem-solving.

On the other side in order to effectively implement methodologies for improving cognitive activities,
education faculties should consider renewing and adapting existing curricula to integrate educational
resources systematically, both digital and traditional, into pre-service teacher training.
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Appendix
Semi-structured interview form

Semi-structured teacher interview form

Part 1
Your gender: Female () Male ()
Class you are studying: 1.Class ( ) 2Class ( ) 3.Class ( ) 4.Class ( )
Part 2
g
Evaluate your attitude towards your cognitive awareness level by ticking % % o
one of the ‘Always’, ‘Sometimes’ and ‘Never’ options (X). <—§ = 2
n
While listening to the lecture, | question whether | understand
| try to understand the purpose of the subject | will learn in the lesson.
When | encounter a problem related to a subject that | do not know in
the lesson, | anticipate possible solutions about that subject.
Getting support from the teacher about the subject of the lesson helps
me to be a successful student.
| can identify critical concepts of the subject of the lesson
| can evaluate myself whether the course has achieved its objectives or not.
o ¢ .
Evaluate your attitude towards your level of cognitive flexibility by ticking g E %
one of the ‘Always’, ‘Sometimes’ and ‘Never’ options (X). < e =
&
| can express an idea in many different ways
| can find useful solutions to problems that seem unsolvable.
| am willing to produce creative solutions to problems.
| am confident enough to try different behaviour patterns.
In any situation that | encounter, | can act appropriately.
3
’d f-
Evaluate your attitude towards your level of mathematical thinking by §' § g
ticking one of the options ‘Always’, ‘Sometimes’ and ‘Never’ (X). = g =
&
My mathematical thinking skills are used in solving daily life problems.
A good mathematician is one who has a high level of creative thinking.
| solve problems in unconventional ways with my mathematical thinking skills
With my mathematical thinking skills, | can connect with my old knowl-
edge while constructing new knowledge.

What are your competencies regarding your methodology for improving your cognitive activities through educational resources?
Very sufficient () Sufficient( ) Partially sufficient () Insufficient( ) Veryinsufficient( )

YOUE FBBADACK: ... e ettt e e e et e e et e e e et e e e e e e e e aaaas
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Abstract: The increasing adoption of immersive technologies in higher education has transformed digital learning environments
by ena-bling interactive, experiential, and learner-centered pedagogies. Despite the growing body of research, existing evidence
re-mains fragmented across technologies, disciplines, and educational outcomes. Therefore, this study systematically reviews
em-pirical research on virtual reality (VR), augmented reality (AR), mixed reality (MR), and extended reality (XR) in higher educa-
tion to synthesize patterns of technology adoption, learning outcomes, disciplinary applications, and geographical distribution
while identifying existing research gaps. Following the PRISMA guidelines, a systematic literature review was conducted on
61 empirical studies published between 2018 and 2025 and indexed in Scopus and Web of Science. Descriptive and thematic
analyses revealed that research is concentrated in education, health sciences, and engineering, with VR emerging as the most
widely adopted immersive technology, followed by XR and AR, whereas MR remains relatively underexplored. The findings further
indicate that immersive technologies predominantly enhance cognitive learning outcomes, professional competencies, and affec-
tive engagement through experiential learning approaches, while behavioral engagement, self-belief, psychomotor abilities, social
interaction, and communication skills receive comparatively limited scholarly attention. Geographically, research output is heavily
concentrated in Europe and East Asia, highlighting significant regional disparities. Overall, immersive technologies demonstrate
substantial potential to improve higher education learning experiences, but important gaps remain in technol-ogy diversity, disci-
plinary coverage, engagement measurement, and global representation.

Keywords: Immersive learning, Virtual reality in higher education, Augmented and extended reality (AR/XR), Skill development
and learner engagement, Systematic literature review (PRISMA)

Introduction

In recent years, immersive technologies including augmented reality (AR), virtual reality (VR),
mixed reality (MR), and extended reality (XR) have attracted substantial attention in higher education
due to their potential to transform teaching and learning practices (Baxter and Hainey, 2023; Mohsen
and Alangari, 2024). These technologies enable students to engage in interactive, multi-sensory envi-
ronments, providing opportunities for experiential and situated learning that are often unattainable in
traditional classrooms (Molloy and Farrell, 2024). VR, for instance, allows learners to safely simulate
complex, high-risk scenarios, promoting cognitive skill acquisition and procedural competence (Baktash
etal., 2024). AR overlays digital information onto physical environments, facilitating contextualized learn-
ing and immediate feedback, thereby enhancing both engagement and understanding (Garg et al., 2025).
MR and XR extend these capabilities further, integrating physical and virtual elements to create hybrid
learning spaces that blur the line between real and simulated experiences (Andalib and Monsur, 2024).

Despite the evident promise, the literature on immersive technologies in higher education remains
fragmented and uneven. Much of the research to date has been discipline-specific, focusing on fields such
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as engineering, health sciences, and STEM education, while relatively little attention has been paid to
the social sciences, business, and teacher education (Baxter and Hainey, 2023; Buragohain et al., 2025).
This creates a knowledge imbalance, limiting the generalizability of findings and reducing the applicability
of recommendations across diverse educational contexts. Some scholars argue that the efficacy of im-
mersive technologies depends on discipline-specific affordances, suggesting that VR may be optimal for
procedural skills. At the same time, AR could be more suitable for conceptual or affective learning (Kee et
al., 2024). Others, however, maintain that immersive environments can support holistic skill development,
integrating cognitive, affective, and psychomotor outcomes, yet empirical evidence remains scattered and
inconsistent (Michalczak et al., 2025).

Another significant challenge in the existing literature is the narrow focus on single learning out-
comes, most often skill acquisition, while neglecting other critical dimensions such as student engage-
ment, motivation, and affective learning (Tene et al., 2024).

This lack of multidimensional analysis diminishes the practical relevance of the findings, as educa-
tional practitioners require insights not only into the skills gained but also into how immersive technologies
influence students’ motivation and interaction. Moreover, there is a geographical and temporal skew in
the literature. Most studies have been conducted in Europe, North America, and East Asia, while other re-
gions such as Latin America, the Middle East, Africa, and Southeast Asia remain underrepresented (Vaz,
2024). This uneven distribution raises questions about the cultural and contextual applicability of find-
ings, given that educational systems, technological infrastructure, and learner expectations vary widely
across regions (Partarakis and Zabulis, 2024). Similarly, although the volume of research has increased
substantially in recent years, systematic evidence on temporal trends, emerging technologies, and evolv-
ing disciplinary adoption is lacking. Without this knowledge, it is difficult to determine whether observed
patterns reflect transient trends or enduring shifts in higher education practices (Samala et al., 2024).

Existing review studies have attempted to synthesize the field, but they often suffer from meth-
odological limitations. Some focus exclusively on technical evaluations of AR/VR systems, rather than
their educational impact (Colamatteo et al., 2024; Kéroglu, 2025; Tan et al., 2022), while others limit the
scope to a single discipline or country, thereby failing to provide a comprehensive overview of immersive
learning across higher education (Cabrera-Duffaut et al., 2024; Cevikbas et al., 2023). Additionally, many
reviews (Chen et al., 2024; Fernandes et al., 2023) emphasize quantitative skill outcomes without inte-
grating engagement, affective responses, or cognitive dimensions, leading to partial interpretations of
the effectiveness of immersive technology. Consequently, there is a pressing need for a systematic and
integrative review that combines evidence across technologies, outcomes, disciplines, and regions.

Addressing these gaps is critical for both research and practice. For scholars, a holistic synthesis
can reveal patterns of adoption, technological effectiveness, and outcome interactions, highlighting areas
that warrant further investigation. For practitioners, understanding which technologies are effective for
which outcomes and in which disciplinary or regional contexts can guide curriculum design, resource
allocation, and pedagogical innovation. In particular, higher education institutions increasingly seek evi-
dence-based guidance to inform investments in immersive technologies, ensuring that such investments
translate into meaningful learning experiences rather than superficial or novelty-driven implementations
(Huang and Hu, 2025; Mira et al., 2025).

Given these gaps, this study aims to systematically review research on immersive learning pub-
lished between 2018 and 2025, with a focus on higher education contexts. Specifically, the review seeks
to synthesize evidence on technology adoption (AR, VR, MR, XR), learning outcomes (skills and en-
gagement), disciplinary patterns, regional distribution, and temporal trends. By integrating findings across
these dimensions, the study addresses critical gaps in the literature, providing a comprehensive, multi-
dimensional perspective that can inform both future research and practical implementation.

Literature Review

Immersive Technologies in Higher Education: Conceptual Foundations

Immersive technologies have gained increasing prominence in higher education as institutions
seek pedagogical approaches that move beyond passive knowledge transmission toward experiential
and applied learning. Technologies such as virtual reality (VR), augmented reality (AR), mixed reality
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(MR), and extended reality (XR) are frequently described as enabling immersive learning environments
in which learners interact with content through spatial, sensory, and contextual engagement (Morgado et
al., 2025). Scholars argue that these technologies represent more than incremental digital enhancements;
rather, they offer qualitatively different learning affordances by situating learners within simulated or aug-
mented contexts that approximate real-world complexity (Conrad et al., 2024).

From a theoretical perspective, immersive learning is commonly linked to constructivist and expe-
riential learning theories. Constructivist scholars contend that learning occurs through active engagement
with meaningful tasks, while experiential learning emphasizes reflection on concrete experiences as a
foundation for knowledge construction (Li et al., 2025). Immersive technologies align with these principles
by allowing learners to explore, manipulate, and experiment within environments that respond dynami-
cally to their actions. However, as Obourdin et al. (2024) caution, immersion alone does not guarantee
meaningful learning. The pedagogical effectiveness of immersive technologies depends on how they are
integrated into instructional design, assessment strategies, and learning objectives, rather than on tech-
nological sophistication per se.

Technology Emphasis and the Dominance of Virtual Reality

Within the broader category of immersive technologies, VR has emerged as the most extensively
studied and applied modality in higher education research. Scholars attribute this dominance to VR’s
ability to create fully immersive environments that isolate learners from external distractions and facilitate
a strong sense of presence (Ki et al., 2024). Empirical studies frequently report that VR-based learning
environments are particularly effective for simulations requiring spatial reasoning, procedural practice,
and scenario-based decision-making (Tobias et al., 2025).

In contrast, AR and MR remain comparatively underrepresented, despite their potential to integrate
digital information into real-world learning contexts. AR-based applications have been shown to support
contextualized learning by overlaying digital cues onto physical environments, which may be especial-
ly valuable in disciplines such as engineering, architecture, and field-based education (Mansour et al.,
2025). XR, often used as an umbrella term encompassing multiple immersive modalities, has recently
gained traction as institutions adopt hybrid systems that blend VR and AR functionalities. Nevertheless,
existing research often treats XR conceptually rather than empirically, raising concerns about definitional
ambiguity and inconsistent operationalization (Giannelos, 2026). This imbalance in technological focus
suggests that current knowledge about immersive learning is disproportionately shaped by VR-centric
evidence, potentially limiting broader pedagogical insights.

Skill Acquisition as a Central Outcome of Immersive Learning

Skill acquisition constitutes the most prominent outcome examined in immersive learning research.
Across higher education contexts, immersive environments have been associated with improvements in
general and cognitive skills, including conceptual understanding, procedural accuracy, and problem-solving
(Villegas-Ch et al., 2024). In health sciences education, for example, VR simulations are widely used to
support clinical training, enabling students to rehearse complex procedures without exposing patients to risk
(Chance, 2025). Similarly, engineering education has leveraged immersive simulations to enhance learners’
understanding of complex systems, spatial relationships, and technical workflows (Suhail et al., 2024).

Regardless of such positive results, the literature points to a tendency toward narrowing in the
conceptualization of skills. General or cognitive skills are the focus of most studies, whereas psychomotor,
professional, and social-communication skills receive relatively little attention (Abd El-Sattar, 2025). Such
a one-sided approach is important, given that higher education is becoming increasingly focused on com-
prehensive graduate skills such as collaboration, flexibility, and communication (Tang, 2024). Immersive
learning situations, such as those Stiver et al. (2025) contend, have untapped potential to aid complex
skills acquisition, but the potential is underutilized because of methodology-limiting factors and insufficient
measures to operationalize both outcomes.

Student Engagement in Immersive Learning Environments

Together with skill acquisition, student engagement is often mentioned as one of the mechanisms
by which immersive technologies impact learning. Immersion in contexts is commonly conceptualized as
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a multidimensional construct that includes affective, behavioral, and cognitive dimensions (Ghanbaripour
et al., 2024). An increase in affective involvement, including enjoyment, interest, and perceived involve-
ment, is reported in many studies, especially in VR-based settings, where learners develop a strong feel-
ing of presence (Yuan and Gao, 2024). Engagement is, however, mainly considered a by-product rather
than a theoretically supported construct. Although affective engagement is typically measured, behavioral
and cognitive engagement are not measured consistently, which restricts the explanatory value of en-
gagement outcomes (Chen and Chu, 2024). Besides, engagement is often discussed as a state of being
rather than as a process that coexists with skill development. According to Watson et al. (2025), such a
conceptual vagueness creates a challenge in that it is hard to tell whether engagement only co-exists
with immersive learning or is a mediator of learning outcomes. As a result, the interdependence between
engagement and the acquisition of skills is insufficiently theorized in the literature.

Disciplinary Concentration and Educational Contexts

Immersive learning research is highly concentrated in the fields of education, health sciences, and
engineering, as highlighted by the allocation of research in this field. Because of their reliance on applied
learning, simulation, and procedural training, these areas are quite close to the capabilities of immersive
technologies (Lawson McLean and Lawson McLean, 2024). Conversely, other disciplines, e.g., business,
social sciences, and sports studies, are underrepresented, although more people are becoming inter-
ested in experiential and skills-based learning in these areas (Strobel and Gerling, 2025).

The significance of this disciplinary imbalance in the extrapolation of current results is obvious.
In technically oriented or clinical settings, effective pedagogical strategies might not be relevant to dis-
ciplines that focus on abstract thinking, interpersonal interaction, and reflective learning (Li, 2024). This
suggests that existing conceptualizations of immersive learning are influenced by a comparatively limited
set of epistemological traditions, necessitating a more extensive disciplinary investigation.

Geographic Distribution and Contextual Gaps

The immersive learning studies are not evenly distributed geographically, and the majority originate
in Europe, East Asia, and North America. These areas have the advantage of highly developed technolog-
ical infrastructure, institutional resources, and funding opportunities that can be used to experiment with
immersive learning (Huang and Hu, 2025). Conversely, studies in developing areas are few, which also
casts doubt on the applicability and availability of context. Researchers have highlighted the role of cul-
tural, institutional, and infrastructural influences in determining the methods of adoption and immersion in
immersive technologies (Colamatteo et al., 2024). In the absence of broader geographic representation,
available data can be prone to the propagation of context-specific findings that may not be representative
of realities in higher education worldwide. This gap needs a scientific mapping of regional patterns and
contextual effects, and not case studies.

Limitations of Existing Reviews and the Need for Integrated Synthesis

Despite the existence of several review studies on immersive technologies in education, most are
rather narrow in scope, covering a specific technology, field, or outcome. Most reviews focus on effective-
ness measures without considering trends in the breadth of disciplinary focus, the variety of outcomes,
and geographical distribution (Poggianti et al., 2025). In addition, there is a lack of reviews that systemati-
cally consider skill acquisition and engagement in terms of the conceptual interdependence between the
two variables. Such constraints justify the need for a systematic review of the literature that brings togeth-
er a variety of immersive technologies, accounts for both skills and engagement effects, and conducts a
cross-disciplinary and cross-regional analysis. This approach allows for the view of immersive learning
as a sophisticated educational phenomenon, not a technology-based intervention (Adewumi, 2024). By
filling these gaps, the current research addresses the call to include more holistic and analytically rigorous
syntheses of research on immersive learning in higher education.
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Methodology

Review Design and Rationale

This study adopted a systematic literature review (SLR) design to synthesize and critically exam-
ine empirical research on immersive learning technologies, with particular attention to learning-related
outcomes and dominant research patterns. A systematic approach was selected to ensure transparency,
replicability, and methodological rigor, while also allowing for interpretive synthesis beyond mere ag-
gregation of findings (Friedl-Knirsch et al., 2024). Unlike scoping reviews, which prioritize breadth, or
meta-analyses, which require statistical homogeneity, the present review sought to balance structured
evidence identification with thematic interpretation, making it especially suitable for a field characterized
by conceptual diversity and methodological heterogeneity (Varsha P S et al., 2024).

Immersive learning research spans multiple technologies (VR, AR, MR, XR), disciplinary contexts,
and outcome constructs. As noted by Llanos-Ruiz et al. (2025), such diversity complicates direct quan-
titative comparison and necessitates an approach capable of identifying patterns, emphases, and omis-
sions across studies. Accordingly, this review was guided by a synthesis-oriented logic, aiming not only
to document what has been studied, but also to interrogate how immersive learning has been framed,
operationalized, and evaluated in contemporary scholarship.

Search Strategy and Data Sources

A comprehensive search strategy was developed to capture peer-reviewed empirical studies examin-
ing immersive technologies in learning contexts. Major academic databases commonly used in educational
technology and interdisciplinary research, such as Scopus and Web of Science, were selected due to their
extensive coverage and indexing reliability (Tene et al., 2024). The search was conducted using combina-
tions of technology-related terms (e.g., “virtual reality,” “augmented reality,” “mixed reality,” “extended real-
ity”) and learning-related keywords (e.g., “learning,” “education,” “training,” “skills,” “engagement”).

To ensure conceptual consistency, synonymous terms and abbreviations were consolidated during
the screening process, recognizing that immersive technologies are often described using overlapping
or inconsistent terminology in the literature (Dhouib et al., 2025). Searches were limited to peer-reviewed
journal articles published in English, reflecting the dominant language of scholarly dissemination in this
field and ensuring methodological transparency.

This study follows the PRISMA guidelines to ensure transparency and replicability. A comprehen-
sive literature search was conducted using two major databases: Scopus and Web of Science.

The search strategy was developed using relevant keywords related to immersive technologies and
higher education. Boolean operators (AND, OR) were used to combine search terms and refine results: syno-
nyms within each concept were connected with OR, and the main concept groups were combined with AND.

The final search strings applied in each database are presented below:

Scopus Search Query:

TITLE-ABS-KEY((“augmented reality” OR “virtual reality” OR “mixed reality” OR
“extended reality” OR “immersive technology” OR XR)
AND
(“higher education” OR university OR college OR “tertiary education”)
AND
(“skill acquisition” OR “skill development” OR competence OR
“learning outcome” OR “knowledge gain” OR “performance improvement”))
AND (LIMIT-TO(DOCTYPE,"ar"))
AND (LIMIT-TO(LANGUAGE, English™))
AND PUBYEAR > 2016 AND PUBYEAR < 2025
This query retrieved 604 articles from Scopus

Web of Science (WoS) Search Query:
TS=(("augmented reality” OR “virtual reality” OR “mixed reality” OR “extended reality” OR “immersive
technology” OR XR)
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AND
(“higher education” OR university OR college OR “tertiary education”)
AND
(“skill acquisition” OR “skill development” OR competence OR “learning outcome” OR “knowledge gain”
OR *“performance improvement”))
AND DT=(Article)
AND LA=(English)

This query retrieved 265 articles from WOS.

Inclusion and Exclusion Criteria

Clear inclusion and exclusion criteria were applied to ensure relevance and analytical coherence.
Studies were included if they:

(1) empirically examined immersive technologies (VR, AR, MR, or XR);
(2) were situated within an educational, training, or learning-related context; and

(3) reported at least one learning-related outcome, such as skill acquisition, engagement, or closely
related constructs.

Studies were excluded if they were purely conceptual, technical, or descriptive without empirical
data; focused solely on system development without learner outcomes; or examined entertainment or
gaming contexts unrelated to learning objectives. Conference papers, book chapters, and dissertations
were also excluded to maintain consistency in peer-reviewed evidence.

This filtering approach reflects concerns raised by Dhouib et al. (2025) that reviews of immer-
sive learning often conflate technical innovation with pedagogical impact, thereby obscuring meaningful
educational insights. Accordingly, this review prioritized outcome-oriented empirical studies to maintain a
clear pedagogical focus.

Screening Process and Study Selection

The study selection process followed established PRISMA guidelines to ensure systematic iden-
tification, screening, and inclusion of relevant studies. Initial database searches yielded a broad pool of
records, which were first screened for duplicates prior to eligibility assessment.

Titles and abstracts were then independently screened against predefined inclusion criteria using
Rayyan to enhance screening consistency and reduce selection bias. Full-text screening was subse-
quently conducted to confirm methodological relevance and alignment with learning-related outcomes.

Disagreements or ambiguous cases were resolved through repeated review and consensus discus-
sion between reviewers, ensuring consistency in decision-making and reducing the risk of arbitrary exclusion.

The final sample comprised 61 empirical studies, representing the contemporary body of research
on immersive learning in higher education. A PRISMA flow diagram summarizing the study selection pro-
cess is presented in Figure 1.
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Figure 1. PRISMA flow diagram

Data Extraction and Coding Framework

An information extraction protocol was devised in a structured format to record descriptive and ana-
lytical information for each study. Data obtained comprised publication characteristics, disciplinary setting,
immersive technology type, learning setting, and reported outcome focus and direction. Instead of the
variables being perceived as discrete categories, they were coded in order to provide a cross-dimensional
analysis where technology, context, and outcomes relationships would be pursued.

The coding structure was progressively improved during the extraction process, which is in line with
best practices in systematic synthesis, in which categories are modified in response to the data (Khatab
et al., 2024). As an example, the outcome focus was initially considered broadly, but it was narrowed to
studies that investigated skills and engagement, and/or both, in response to repeated patterns across the
literature (Lee et al., 2024).

Analytical Approach and Synthesis Strategy

Data synthesis proceeded in two complementary stages. First, a descriptive synthesis was con-
ducted to identify dominant research characteristics, such as disciplinary concentration and the preva-
lence of technology. This step provided an empirical overview of how immersive learning research is cur-
rently structured. However, descriptive patterns alone were insufficient to address the study’s objectives.
Accordingly, a second stage of thematic synthesis was undertaken to interpret how immersive technolo-
gies were conceptualized and evaluated across studies. This involved identifying recurring emphases,
such as the privileging of skill acquisition over engagement, as well as notable absences, including limited
exploration of mixed or neutral outcomes. As argued by Ke et al. (2025), such interpretive synthesis is
critical for moving beyond frequency counts toward theory-informed insight. Importantly, numerical values
were used selectively to support key observations rather than to dominate the narrative. This approach
aligns with calls for systematic reviews to prioritize meaningful interpretation over exhaustive quantifica-
tion in heterogeneous fields (Durak et al., 2026).
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Quality Considerations and Trustworthiness

While formal risk-of-bias scoring was not applied due to methodological heterogeneity across stud-
ies, several steps were taken to enhance the review’s trustworthiness. These included transparent inclusion
criteria, consistent coding procedures, and careful alignment between research questions, analysis, and
reporting. Furthermore, the focus on peer-reviewed journal articles ensured a baseline level of methodo-
logical quality. The review does not claim to represent all immersive learning research exhaustively; rather,
it offers a systematic and analytically robust snapshot of dominant trends and gaps. Such positioning is
consistent with contemporary views that systematic reviews should be interpreted as theory-building and
agenda-setting exercises, rather than definitive mappings of an entire field (Benli and Kocaman, 2026).

To complement the thematic synthesis, we conducted a focused extraction and narrative-content
analysis of reported outcomes from the 61 studies. Key findings on skill development, engagement,
knowledge acquisition, confidence, and technology-specific effects were systematically compiled. These
data were organized thematically to highlight dominant patterns, innovative practices, and contextual
insights, enabling a richer understanding of the educational impacts of immersive technologies. This step
ensured that the review captured both quantitative trends and qualitative nuances, bridging descriptive
characteristics and the interpretive insights presented in the Findings section.

Methodological Positioning and Contribution

By integrating systematic procedures with interpretive synthesis, this methodology enables a nu-
anced examination of immersive learning research that goes beyond surface-level trends. The approach
is particularly suited to identifying imbalances in outcome focus, disciplinary silos, and technology domi-
nance, which collectively shape how immersive learning is understood and applied. As such, methodo-
logical design directly supports the study’s aim of informing future theoretical development, empirical
design, and practical implementation in immersive learning research.

This review synthesized 61 empirical studies examining the use of immersive technologies in high-
er education. Findings are organized around research characteristics, technology adoption, learning out-
comes, discipline-specific patterns, and geographic distribution, emphasizing emerging patterns, gaps,
and insights rather than exhaustive counts.

Research Characteristics and Dominant Patterns

Analysis of the research landscape reveals that education and health sciences dominate studies on
immersive learning, collectively accounting for over 60% of the literature. Engineering/STEM contributes
a substantial but smaller share, while social sciences, business, and sports sciences remain underrepre-
sented, highlighting a clear disciplinary bias. This concentration suggests that immersive technologies are
primarily applied where procedural, cognitive, or technical skill development is critical, leaving significant op-
portunities for creative, interpersonal, and social applications, as shown in the publication trend in Figure 2.
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Figure 2. Publication Trend
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The disciplinary breadth indicates that while most studies focus on a few core areas, there is a slow
trend toward diversification. This pattern reflects both research priorities and technology suitability, as VR
and XR are more readily integrated into education, health, and engineering curricula (See Table 1).

Table 1. Overall Research Characteristics of Immersive Learning Studies (N = 61)

Dimension Dominant Pattern Evidence (n, %)
Academic Education and health sciences Education: 24 (39.3%); Medical / Health Sciences: 15 (24.6%);
Context dominate; limited social uptake Engineering / STEM: 13 (21.3%); Social Sciences / Business: 4

(6.6%); Sports Sciences: 4 (6.6%)

Technology VR is dominant; XR representsa  VR: 32 (52.5%); XR: 18 (29.5%); AR: 10 (16.4%); MR: 1 (1.6%)
Emphasis substantial secondary stream

Disciplinary Narrow concentration with Core disciplines (Education, Health, Engineering): 52 (85.2%);

Breadth emerging diversification Other fields (Social Sciences, Sports): 9 (14.8%)

Outcome focus  Integrated examination of skills Only skills (19.67%), only engagement (21.31%), both Skills and
and engagement outcomes engagement (59.02%)

Outcome Largely positive reported effects  Largely positive reported effects with minimal neutrality

direction with minimal neutrality

Source: Author’s own construction
Table 1 indicates a strong disciplinary concentration of immersive learning research in education
and health sciences, with limited representation from social sciences, business, and sports. VR domi-
nates as the primary technology, while XR shows growing adoption and AR and MR remain underutilized.
Most studies adopt an integrated focus on both skills and engagement, reflecting a holistic evaluation of
learning outcomes. Overall, reported effects are largely positive, though the scarcity of neutral findings
suggests the need for more critical and diversified investigations.

Technology Adoption Across Disciplines

VR is the dominant technology, appearing in more than half of the studies, particularly in health sci-
ences and sports. Its prevalence reflects VR’s affordances for immersive, hands-on practice and realistic
simulations. XR has emerged as a secondary stream, frequently applied in engineering and education for
blended learning environments that combine cognitive, professional, and experiential skill development.
AR, though less common, is strategically adopted where lightweight, context-sensitive interventions are
needed. MR is almost absent, suggesting an untapped avenue for research.

These patterns show that technology choice is not random: VR is favored where high fidelity and
presence are critical, XR is used for flexible, integrated learning, and AR supports practical, accessible
interventions. This underscores the need to align technology with educational goals and learners’ needs.

Table 2. Discipline-wise Distribution of Technologies and Learning Outcomes
AR VR XR

Discipline () (n) () Dominant Skill Focus Dominant Engagement Focus
Education 4 12 7 General, Cognitive Affective, Behavioral
Engineering 2 5 6 Cognitive, Professional Cognitive

Health Sciences 2 9 4 Cognitive, Psychomotor Affective

Social Sciences 1 2 1 Cognitive Affective

Business 1 0 0 Cognitive, Professional Affective

Sports 0 4 0 Psychomotor Behavioral

Source: Author’s own construction

The integrated analysis in Table 2 shows that the adoption of immersive technologies and associ-
ated learning outcomes varies systematically across disciplines. VR is dominant in health sciences and
sports, reflecting its suitability for simulation-based and psychomotor skill development. XR is more preva-
lent in engineering and education, supporting applied and professional competencies through blended
learning approaches. Across disciplines, cognitive and general skills are most frequently targeted, while
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affective engagement remains the dominant engagement outcome. In contrast, social sciences and busi-
ness fields remain underrepresented, with limited exploration of diverse skill sets such as communication
and collaboration. These patterns suggest that technology adoption is closely aligned with disciplinary
learning objectives rather than being randomly distributed.

Table 3. Immersive Technologies and Learning Outcomes: Integrated Synthesis

Outcome Domain Sub-Category VR AR XR Key Insight

Skills General 15 3 9 Core strength across all technologies
Cognitive 3 2 3 StronginVRand XR
Professional 5 2 1 XRsupports applied skills
Psychomotor 1 0 2 Dominated by VR
Social/Communication 1 1 1 Underexplored

Engagement Affective 4 4 4 Mostdominantacross all technologies
Behavioral 5 1 1 Limited evidence
Cognitive 3 0 1 Underreported
Self-belief 4 2 2 Moderate presence
Presence 3 0 1 StronginVR

Source: Author’s own construction

Table 3 provides an integrated synthesis of the associations between immersive technologies and
different learning outcomes. VR shows strong alignment with general, cognitive, and psychomotor skills
due to its high level of immersion and simulation capabilities. XR is more closely linked to professional and
applied competencies, reflecting its role in blended and flexible learning environments. AR primarily con-
tributes to cognitive and affective outcomes through context-sensitive, lightweight interventions. Across all
technologies, affective engagement emerges as the most consistently reported outcome, highlighting the
role of immersive environments in enhancing motivation, presence, and learner confidence. In contrast,
behavioral and cognitive engagement remain underexplored, indicating a gap in understanding how im-
mersive learning translates into deeper learning processes and active participation.

Geographic Distribution

Research is concentrated in Europe (34%) and East Asia (21%), with Southeast Asia and North
America contributing moderately. Other regions, including Latin America, Africa, and Oceania, are under-
represented, pointing to a global imbalance in research activity. Regional adoption patterns also vary: VR
dominates in Europe and East Asia, XR is increasingly used in North America and Europe, and AR ap-
pears more in Southeast Asia. These trends suggest that regional infrastructure, research priorities, and
access to technology shape the adoption of immersive learning, offering insight into where future studies
could expand geographically.

Table 4. Regional Patterns in Immersive Learning

Region No. of Papers) Percentage Key Countries
Europe 21 34.43%  Spain (4), Netherlands (3), Denmark (3), UK (2), Slovakia (2)
East Asia 13 21.31%  China (9), Taiwan (3), Japan (1)

Southeast Asia 9 14.75%  Indonesia (3), Thailand (3), Malaysia (2)
North America 9 14.75%  United States (6), Mexico (3)

Middle East 4 6.56% Saudi Arabia, Iran, Palestine, Turkey (1 each)
Latin America 3 4.92% Ecuador, Peru, Mexico (1 each)

Africa 2 3.28% Egypt (2)

Oceania 2 3.28% Australia (2)

Total 61 100%

Source: Author’s own construction

www.ijcrsee.com
272


www.ijcrsee.com

Akbar, W. et al. (2026). Immersive Technologies and Learning in Higher Education: A Systematic Literature Review of Adoption,
Engagement, and Skill Development, International Journal of Cognitive Research in Science, Engineering and Education
(IJCRSEE), 14(2), 263-278.

stem education

educational innovation
imme@ive&” reality

publ\c‘eaklng
anatom cation

higher@;cation
hrigivs
3 feadback W

- < micr@biolo,
le“’lor' motivation behavioraligngagement @Biology

- .
- learning art course Psic lifgsupport

virtual reality

embodied learning
pharmacyedugation

a@mw reality g

classroom management

. Y igital multimedia T
app mlxed‘ reahty s coordination
engineeringeducation augment ' eality (ar) affordance network approach arcRodel
virtual’lity (vr)
head mounted display

& . foreign langliage learning
,‘E VOSviewer

Figure 3. Keyword Co-occurrence Network

Figure 3, generated in VOSviewer, a keyword co-occurrence network, visualizes the conceptual
structure of immersive learning research. Virtual reality emerges as the dominant, most centrally connect-
ed node, underscoring its foundational role across educational contexts. Closely linked clusters around
higher education, learning, motivation, and engagement suggest a strong emphasis on pedagogical out-
comes. In contrast, adjacent nodes such as augmented reality, mixed reality, and STEM education reflect
expanding technological diversification. The network highlights both core instructional applications and
emerging interdisciplinary integrations, illustrating a maturing yet still evolving research landscape.

Discussion

The present systematic review highlights the growing adoption of immersive technologies in higher
education, with VR, XR, and AR emerging as the primary tools for enhancing learning experiences. The
concentration of research in education and health sciences underscores a clear disciplinary preference,
suggesting that immersive technologies are most readily applied in domains requiring procedural, cogni-
tive, or technical skill development. While these areas have effectively leveraged immersive tools, the
relative underrepresentation of social sciences, business, and sports disciplines suggests untapped po-
tential for immersive learning in domains that emphasize collaboration, communication, and higher-order
thinking (Kittel et al., 2024; Krouglov, 2024).

The bias towards designs based on quantitative analysis in the students included in the study
indicates that the research questions are designed to address the measurable gains in skills. In contrast,
few quantitative or mixed-method designs indicate a gap in the research to address how engagement and
performance outcomes are facilitated and experienced by learners (Fernandes et al., 2023). This knowl-
edge can be critical because the motivational and affective components of the learning process may be
as important as the acquisition of skills, especially in immersion settings where presence and self-efficacy
can impact the learning process (Thomann et al., 2024).

Technology-specific patterns reveal that VR dominates due to its capacity to deliver high-fidelity,
immersive simulations, which are particularly effective in health sciences and sports training. XR, often
deployed in blended learning settings, appears to facilitate professional skill development and affective
engagement, offering flexibility that allows integration of cognitive and applied learning objectives. AR,
although less prevalent, demonstrates meaningful contributions to cognitive and affective outcomes, par-
ticularly in educational and business contexts, highlighting its potential for context-sensitive, lightweight
interventions. MR remains largely absent, representing an emerging frontier where future research could
explore the simultaneous integration of cognitive, psychomotor, and affective dimensions, especially in
complex or multi-step learning tasks (Bodding et al., 2025).
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The observed patterns in the adoption and outcomes of immersive technologies can be more
meaningfully understood through established learning theories rather than only descriptive trends. From
a constructivist perspective, immersive environments such as VR and XR allow learners to actively con-
struct knowledge through interaction and contextualized experiences, which may explain their strong
association with cognitive and procedural skill development. This aligns with experiential learning theory,
in which learning is enhanced through concrete experience and reflective engagement, particularly in
simulation-based environments commonly used in the health sciences and engineering. At the same time,
the dominance of affective engagement outcomes can be interpreted through the lens of self-regulated
learning, as immersive technologies appear to enhance motivation, presence, and confidence, which
are critical precursors for autonomous learning processes. However, the limited evidence on behavioral
and cognitive engagement suggests that these technologies are not yet consistently supporting deeper
self-regulation strategies such as planning, monitoring, and reflection. In addition, cognitive load theory
offers an important explanation for the uneven effectiveness across technologies. While high-immersion
environments like VR can enhance learning by increasing realism, they may also impose extraneous
cognitive load if not carefully designed, potentially limiting their effectiveness in complex or abstract learn-
ing tasks. In contrast, AR-based applications may reduce cognitive overload by embedding information
within real-world contexts, thereby supporting more efficient knowledge processing. Taken together, these
theoretical perspectives suggest that the effectiveness of immersive technologies depends not only on
their level of immersion but also on how well they are aligned with learning processes, cognitive capacity,
and learner self-regulation.

Additional understanding comes from discipline-based as well as geographic patterns. The correla-
tion between VR and health sciences and sports has been associated with domain-specific affordances,
and XR use in engineering and education means that it can be used to create integrated and hybrid learn-
ing experiences (Samala et al., 2024). Eurocentric and East Asian geographic concentration also limits the
generalizability of the results, as regions such as Latin America, Africa, and Oceania are underrepresented,
casting doubt on the cultural, infrastructural, and pedagogical transferability (Akinradewo et al., 2025).

Limitations and Future Directions

These research restrictions can be overcome in future studies by diversifying immersive learning
research studies by discipline and location sub-areas, using a wider variety of technologies, and incor-
porating more comprehensive engagement systems. More focus on MR and AR would further research
on blended and context-aware learning experiences, and longitudinal and mixed-methods designs would
make the experiences and motivations of learners, along with interaction patterns, more comprehensive
than immediate performance improvements. To enhance pedagogical integration, technology choices
can be further aligned with the intended learning outcomes, including VR for procedural mastery, XR for
applied and professional competencies, and AR for cognitive scaffolding and motivation. Taken together,
these guidelines provide a way to move research on immersive learning beyond technology-based experi-
mentation towards theoretically grounded, context-specific, and scalable educational interventions that
can bring the full potential of immersive technologies in higher learning to life.
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Abstract: It has always been an issue in the human resource management selecting the right rewards for the employees
especially in the public institutions. Many public institutions are unable to identify the types of rewards which are best used to
foster employees’ work satisfaction. The study aims are to evaluate how reward systems in public institutions influence employee
perception and to analyze their impact on job satisfaction, quality of work, and employee retention in the public sector of North
Macedonia. Data were collected via self-administered questionnaire of 153 employees in public institutions in North Macedonia.
Reliability and validity of the measurement instrument are confirmed through Cronbach’s alpha (0.777) and factor analysis.
Descriptive statistics, correlation analysis, and regression analysis are applied to test the proposed hypotheses. The results
indicate that the re-ward system has a positive but weak effect on job satisfaction (8 = 0.142, p = 0.079), quality of work (8 = 0.146,
p = 0.071), and employee retention (B = 0.144, p = 0.075), with none of the effects reaching statistical significance. Additional
hierarchical re-gression analysis suggests that demographic characteristics partially influence these relationships, while the
contribution of reward systems remains limited. The findings imply that reward systems in public institutions play a secondary
role in shaping employee outcomes, while other factors such as job security, intrinsic motivation, and institutional stability may
be more influential. The study contributes to the limited empirical literature on public sector reward systems in North Macedonia
and offers practical insights for policymakers and managers seeking to improve human resource management practices.

Keywords: reward system, public institutions, employee, North Macedonia.

Introduction

Reward systems constitute an important component of human resource management in public institu-
tions, as they are expected to influence employee job satisfaction, quality of work, and retention. In public-sec-
tor institutions, reward mechanisms are shaped by institutional regulations, budgetary limitations, and stand-
ardized employment conditions, which often differentiate them from reward practices in the private sector.

Public institutions within the European Union generally apply more structured and transparent re-
ward systems, emphasizing merit-based principles, accountability, and performance evaluation (Cretu
et al., 2024). These systems increasingly combine financial and non-financial rewards, including profes-
sional development opportunities, recognition schemes, and work-life balance initiatives, with the aim of
enhancing employee engagement and institutional performance. Such practices are supported by clearly
defined legal frameworks and performance management systems that align individual contributions with
institutional objectives (OECD, 2017).

In contrast, public institutions in the Republic of North Macedonia, and the wider region, tend to
predominantly rely on seniority-based pay systems, while performance-based reward mechanisms are
implemented to a considerably lesser extent. Differences in administrative capacity, financial resources,
and institutional culture contribute to less standardized reward practices, which may reduce their effects
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on employee motivation. Consequently, the effectiveness of reward systems in influencing employee at-
titudes and behavior in the public sector remains an open empirical question.

Recent research highlights the growing importance of non-monetary rewards and intrinsic motivation
in public-sector employment; however, empirical evidence on employee perceptions of reward systems and
their impact on job satisfaction, quality of work, and retention in North Macedonia is still limited (de Juana-
Espinosa and Rakowska, 2018; Danevska et al., 2024). Most existing studies focus on formal reward poli-
cies rather than on how employees evaluate these systems in practice (Gerhart and Fang, 2015).

Also, have demonstrated that employee engagement in public organizations is significantly influ-
enced by intrinsic motivational factors, leadership support, and public service motivation, which contribute
to stronger work engagement and positive organizational outcomes (Alamri, 2023).

This research gap provides the foundation for the present study, which examines employee per-
ceptions of reward systems in public institutions in the Republic of North Macedonia and analyzes their
impact on job satisfaction, quality of work, and employee retention. By focusing on employee perceptions
rather than formal reward policies alone, the study contributes to a deeper understanding of motivation
and performance in the public sector.

Against this background, the aim of this study is to analyze employee perceptions of reward sys-
tems in public institutions in the Republic of North Macedonia and to examine their impact on job satisfac-
tion, quality of work, and employee retention. Using a quantitative research approach based on survey
data and statistical analysis, the study seeks to contribute empirical insights to the literature on public-
sector human resource management and to provide practical implications for improving reward system
design in public institutions.

Reward system in public institutions in the Republic of North Macedonia

Rewarding and motivating employees represents one of the most challenging areas of human
resource management, particularly in the public sector. A reward system refers to the set of financial and
non-financial compensation mechanisms provided to employees in recognition of their contribution, per-
formance, and achievement of organizational objectives. A well-designed reward system is expected to
enhance employee productivity and institutional effectiveness, while for employees it represents a source
of motivation, job satisfaction, and professional commitment.

In the public sector of the Republic of North Macedonia, the reward system is implemented through
a formal framework of performance evaluation, compensation, promotion, and professional development.
Over the past decade, significant reforms have been introduced leading to implementation of various
human resource management standards, aimed at improving transparency, fairess, and accountability.

According to the applicable legal framework, every employee in the public sector is entitled to a sal-
ary and reimbursement of work-related expenses under conditions defined by law, collective agreements,
and employment contracts. Fundamental principles and criteria for rewarding, promotion, professional
development, and performance evaluation are regulated by the Law on Administrative Officers, the Law
on Public Sector Employees, and other relevant legal acts (Law on Administrative Servants, 2025 and
Law on Public Sector Employees, 2025).

The reward system in public institutions follows the concept of total rewards, which includes both mon-
etary and non-monetary components. Monetary rewards consist primarily of salaries and allowances, while
non-monetary rewards include promotion opportunities, professional development, recognition, and perfor-
mance-based incentives. Performance evaluation represents a key prerequisite for rewarding and is conduct-
ed annually, assessing employees based on efficiency, quality of work, goal achievement, and commitment.

Administrative officers are evaluated on a scale from 1 to 5, resulting in performance ratings from “A”
to “E". These ratings are directly linked to career advancement opportunities and serve as a prerequisite
for promotion. Salary structure consists of a basic component—determined by education level, job posi-
tion, and years of service—and an exceptional component, which includes allowances for special working
conditions, overtime, shift work, and risk exposure (Law on Administrative Servants, 2025, article 54).

Promotion is considered an important form of rewarding in the public administration system. The
promotion process is regulated, transparent, and based on clearly defined criteria, including previous
performance ratings, years of service, and the absence of disciplinary measures. Additionally, the system
ensures the principle of adequate and equitable representation, with the aim of ensuring fairness, equal
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access to career advancement opportunities, and non-discriminatory treatment for all employees through-
out the promotion procedure.

Professional development is also recognized as a form of rewarding. Administrative officers have
both the right and the obligation to participate in continuous professional development activities based on
individual development plans. These activities aim to improve skills and competencies and contribute to
the overall efficiency and quality of public administration.

Despite the existence of a comprehensive legal and institutional framework, the effectiveness of
reward systems in influencing employee satisfaction, performance, and retention depends largely on how
these mechanisms are perceived and experienced by employees in practice. This context provides the
foundation for the empirical analysis conducted in this study.

Literature review and hypotheses development

Reward systems represent a fundamental element of human resource management and play a cru-
cial role in attracting, motivating, and retaining employees while aligning individual contributions with insti-
tutional objectives. In public institutions, reward systems are expected not only to stimulate performance
but also to promote fairness, accountability, transparency, and socially responsible behavior. Compared
to the private sector, reward systems in public administration are more strongly regulated, standardized,
and oriented toward equity and procedural fairness rather than exclusively toward performance-based
compensation (OECD, 2016).

Public-sector reward systems generally consist of fixed salaries, allowances, benefits, job security,
career advancement opportunities, and professional development mechanisms. Due to the bureaucratic
nature of public administration, the use of performance-contingent financial incentives is often limited. This
institutional structure reflects the need to ensure equal treatment, political neutrality, and transparency in
public employment practices. However, modern human resource management increasingly recognizes
that compensation alone is insufficient for sustaining employee motivation and institutional effectiveness.

The concept of total rewards provides a broader framework for understanding employee compen-
sation and motivation. According to total reward theory, reward systems include not only direct financial
compensation, but also non-financial and intrinsic rewards such as recognition, autonomy, professional
development, meaningful work, feedback, and work-life balance (Milkovich et al., 2019). Effective reward
systems should therefore be strategically aligned with institutional objectives, employee expectations,
and public-service values in order to improve both employee satisfaction and organizational performance.

Existing literature consistently demonstrates that successful public-sector reward systems com-
bine financial and non-financial dimensions. Financial rewards include salaries, bonuses, allowances,
and benefits, while non-financial rewards encompass recognition, opportunities for career development,
flexible work arrangements, autonomy, and job stability. Self-determination theory emphasizes that intrin-
sic and non-financial rewards often produce stronger and more sustainable motivational outcomes than
purely financial incentives, particularly in public-service environments where employees are frequently
motivated by social contribution and professional identity (Ryan and Deci, 2000).

Empirical research confirms that reward systems significantly influence employee performance,
organizational commitment, job satisfaction, and employee retention in public institutions. Research con-
ducted in public institutions in Rwanda indicates that compensation, recognition systems, career de-
velopment opportunities, and employee benefits positively affect employee performance. Importantly,
non-monetary rewards such as career development and fringe benefits were found to have stronger
motivational effects than direct financial compensation, emphasizing the importance of long-term profes-
sional security and growth opportunities (Kampororo et al., 2021).

Similarly, studies focusing on local government institutions in Botswana reveal that ineffective and
poorly managed reward systems contribute to reduced employee motivation, low institutional commit-
ment, and weaker service quality. Transparent and equitable reward practices, on the other hand, improve
employee satisfaction and retention (Tshukudu, 2020). These findings indicate that the effectiveness of
reward systems depends not only on their formal structure, but also on employees’ subjective perceptions
of fairness, transparency, and adequacy.

Employee perceptions represent a critical mediating factor between reward structures and work-
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related outcomes. Research suggests that employees’ attitudes toward institutions are shaped less by the
objective level of rewards and more by their subjective evaluations of procedural justice, recognition, and
equity (Lincoln and Kalleberg, 1990). When employees perceive reward systems as fair, transparent, and
aligned with their contributions, they are more likely to demonstrate stronger organizational commitment,
higher work engagement, and improved job performance.

In public administration, intrinsic rewards often outweigh extrinsic rewards in shaping employee
motivation and satisfaction. Public servants are frequently driven by public-service values, professional
ethics, and the opportunity to contribute to society. Consequently, meaningful work, recognition, and op-
portunities for professional growth play a particularly important role in sustaining employee engagement
and institutional commitment (Belle and Cantarelli, 2015; Perry et al., 2010).

Recent literature increasingly emphasizes that reward systems must adapt to changing workforce
expectations, digital transformation, demographic changes, and labor market competition. Contemporary
public-sector organizations face growing pressure to modernize reward practices in order to improve insti-
tutional resilience, employee engagement, and organizational effectiveness. As a result, reward systems
are now viewed not only as compensation mechanisms, but also as strategic instruments for improving
institutional performance and public-service quality (World Bank, 2021; CIPD, 2023).

Recent empirical studies further highlight the importance of fairness, transparency, and perceived
organizational support in public institutions. Research conducted in European public administrations dem-
onstrates that procedural justice, transparent evaluation criteria, and equal access to career advancement
opportunities significantly strengthen employee trust and motivation, even within relatively rigid compensation
systems (Kwon and Kim, 2020). Similarly, newer generations of employees increasingly value flexibility, au-
tonomy, continuous learning opportunities, and work-life balance alongside traditional financial compensation.

The COVID-19 pandemic and the acceleration of digital transformation have additionally reshaped
employee expectations regarding reward systems. Flexible working arrangements, mental health support,
digital working conditions, and opportunities for continuous professional development are now recognized
as important components of modern reward systems. OECD reports suggest that institutions capable of
combining traditional compensation mechanisms with employee-centered reward practices achieve high-
er levels of motivation, retention, institutional adaptability, and organizational resilience (OECD, 2023).

Digital transformation has also introduced new challenges in reward management. Employees in-
creasingly expect more personalized, transparent, and performance-sensitive reward systems supported
by digital HRM technologies and continuous feedback mechanisms. Recent studies indicate that organi-
zational culture and leadership quality strongly influence how employees perceive reward fairness and
institutional support during periods of organizational change (Vnouckova et al., 2022).

In transition and developing economies, public-sector reward systems are additionally shaped by
fiscal constraints, political reforms, administrative traditions, and institutional capacity limitations. Reform
efforts often fail when reward policies are not aligned with employee expectations and workplace realities
(World Bank, 2021). In the Western Balkans, including North Macedonia, public administration reforms
have intensified the importance of understanding employee perceptions regarding fairness, transparency,
adequacy, and motivational effectiveness of reward systems.

For North Macedonia specifically, empirical research examining employee perceptions of reward
systems in the public sector remains limited. Potential discrepancies between formal reward policies
and their practical implementation may negatively affect employee morale, productivity, institutional trust,
and employee retention. Therefore, examining how employees perceive both financial and non-financial
rewards represent an important step toward understanding motivation and organizational commitment in
the Macedonian public sector.

Reward Systems and Job Satisfaction

Job satisfaction reflects employees’ overall evaluation of their work experience and institutional envi-
ronment. Prior research suggests that perceived fairness and adequacy of rewards significantly contribute
to job satisfaction (Lincoln and Kalleberg, 1990). When employees perceive reward systems as transparent,
equitable, and aligned with performance, they are more likely to experience higher levels of satisfaction.

Although public institutions rely less on performance-contingent pay than private organizations
(OECD, 2016; OECD, 2023), the perception of recognition and professional development opportunities
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may still positively influence satisfaction levels. Therefore, the following hypothesis is proposed:
H,: Reward system in public institutions positively impacts employee job satisfaction in performing

day-to-day tasks.

Reward Systems and Quality of Work

Reward systems are also designed to enhance performance and work quality. According to self-
determination theory (Ryan and Deci, 2000), extrinsic rewards may reinforce task engagement when they
support competence and autonomy. Empirical evidence indicates that appropriately structured reward sys-
tems can enhance employee performance and effort in public-sector institutions (Kampororo et al., 2021).

Even within highly regulated systems, employees who perceive recognition and advancement op-
portunities as meaningful may be more motivated to maintain high-quality work standards. Therefore:
oy tgg; feward system positively impacts employee work quality and motivation in performing day-to-

Reward Systems and Employee Retention

Employee retention is influenced by both economic and psychological factors. While public-sector
employment is often associated with job security, perceived fairness and recognition remain important
determinants of long-term institutional commitment (Tshukudu, 2020). Employees who perceive reward
systems as fair and supportive are more likely to develop stronger attachment to their institutions and
lower turnover intentions.

Accordingly, the third hypothesis is formulated as:

H,: Reward system positively impacts employee retention in public institutions

The three hypotheses (H,-H,) summarize the expected positive relationships between reward sys-
tem and job satisfaction, work quality and employee retention. Testing this framework enables an empiri-
cal comparison of the relative importance of different levels in shaping employee intentions in a public in-
stitution. The next section describes the research design, measurement scales and analytical procedures
employed to examine these relationships.

Materials and methods

The methodological approach of this study was formulated based on the specific nature of the
researched issue and the need to use appropriate data sources. This study used a self-administered
questionnaire to collect primary data, consisting of clear and concise questions, developed in accordance
with the relevant laws and bylaws. The questionnaire was prepared in Google Docs and distributed online
to employees from various public institutions in the Republic of North Macedonia. The selection of re-
spondents was carried out using random sampling, in order to ensure the representativeness of the data.
Participation in the survey was anonymous, and all collected information was used solely for the purpose
of this research. The study resulted in 153 (one hundred and fifty-three) valid responses, which were used
for the empirical analysis. The survey ran from March 1st to June 30th, 2025.

This research aims to raise awareness of the need for continuous investment in the development
of human resources in public institutions and to encourage managerial staff to continuously propose pos-
sible approaches for ongoing performance evaluation and rewarding, in line with institutional needs and
implemented activities.

The questionnaire consisted of a total of 13 questions, aimed at identifying the actual situation in
the public sector, providing a detailed analysis of the importance and necessity of human resource man-
agement through the processes of motivating and rewarding employees, and offering recommendations
for improving these processes in public institutions in the Republic of North Macedonia.

The questionnaire contained questions in a closed-ended format and logically connected questions
measured using a 5-point Likert scale ranging from 1 = strongly disagree to 5 = strongly agree. The intro-
duction part was designed to gather basic information like age, sex and working period in the institution.
The other questions concern of type of reward for the employees, how they are satisfied with the current
reward, does the reward system in their institution is fair and transparent, does reward system influence
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on the job satisfaction, quality of work or employee retention.

The questionnaire items were grouped into four main variables: reward system, job satisfaction,
quality of work, and employee retention. The reward system variable included following items: q4: How
satisfied are you with the current reward system in your institution; q6: Do you believe that the reward sys-
tem in your institution is fair and transparent; q7: Do you believe that the reward system in your institution
is aligned with the organizational goals and tasks; q8: How often are rewards given in your institution, and
q13: How effective is the communication with supervisors regarding the reward system in your institution.
The job satisfaction variable was measured through the item q9: How would you rate the impact of the
reward system on your job satisfaction. Variable quality of work included item q12: Does the performance
evaluation and reward system affect the quality of work in your institution and Employee retention variable
was assessed through the item g10: Do you think that the reward system contributes to better employee
retention in your institution.

Therefore, the use of questionnaire as a data collection method enables the examination of po-
tential relationships among the variables included in the study, as well as the main research questions.
According to Bihu, (2021), the data collection process generally involves questionnaire design, data col-
lection, statistical analysis, interpretation of findings, and presentation of conclusions. The sample size
is adequate for the exploratory factor analysis and multiple regression analysis, particularly when the
measurement instrument demonstrates acceptable reliability and validity and when the number of predic-
tors remains limited (Kyriazos, 2018).

Results

The paper analyzes the influence of reward system in public institutions on employee satisfaction.
The aim of this research is to define the reward system and to obtain results regarding the impact of the
reward system on employee productivity in the public sector of the Republic of North Macedonia.

Table 1 presents descriptive data analyses, based on the data collected, it is identified that the
majority of the respondents are between 35 and 44 years old (54.9%), followed by those between 45 and
54 years old (22.4%), between 25 and 34 years old (11.8%) and 55 and above only 9.8%. The smallest
group were those under 25 years old (1.3%). This suggests that the findings of the study primarily reflect
the perceptions and experiences of employees with active involvement in institutional processes and
institutional experience in public institutions. The dominance of experienced employees enhances the
credibility of the results, as respondents are likely to have a well-formed understanding of reward systems,
performance evaluation, and career advancement processes. Their assessments are therefore based on
prolonged exposure to institutional practices rather than short-term impressions.

Out of the 153 respondents, 113 respondents (73.9%) were female, 40 respondents (26.1%) were
men. This has shown that the most of the employees in the public institutions are females. According to the
work experience on the public institutions 64.1% work more than 10 years and none of the respondents
had worked for less than one year. The high proportion of respondents with more than ten years of work
experience indicates that the survey responses are based on employees who have more work experience
and institutional knowledge. The absence of respondents with less than one year of experience further
suggests that the findings reflect informed and stable perceptions of the reward system. The demographic
and employment characteristics of the respondents in this study are consistent with officially published re-
ports on employment in the public administration in the Republic of North Macedonia. The predominance of
middle-aged employees, the higher representation of female respondents reflects the structural features of
the public-sector workforce identified in official national statistics. This alignment indicates that the sample
accurately represents the composition of employees in public institutions and supports the reliability and
relevance of the collected data (Ministry of Information Society and Administration, 2024).
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Table 1. Descriptive results

Frequency Percent  Std. Deviation
Under 25 years 2 1,3
25-34 18 11,8
How old are you? 3544 84 54,9
45-54 34 22,2
55 and above 15 9,8
Total 153 100 0,845
Male 40 26,1
Sex Female 113 73,9
Total 153 100 0,441
Less than 1 year 0 0
How ang ha\{e you been workir)g in l:g ﬁ:z ;i 175’87
public institutions in the Republic of '
North Macedonia? 7-10 years 19 12,4
More than 10 years 98 64,1
Total 153 100 1,005

Source: author’s own research

Following the descriptive statistics, a reliability analysis using Cronbach’s alpha was conducted to
verify the reliability of the scale before proceeding with further statistical analyses.

Cronbach’s alpha is applied to measure reliability on variables. The reward system scale dem-
onstrates acceptable internal consistency, exceeding the commonly accepted threshold of 0.7 (Table 2).
This confirms that the selected items reliably measure a single underlying construct and are suitable for
further inferential analysis.

Table 2. Alpha Coefficient of reliability on variables
Cronbach’s Alpha N of ltems
0.777 5
Source: author’s own research

To confirm the adequacy of the data for structure detection we use factor analysis. Sampling adequa-
cy is good (KMO = 0.865) which means that we have robust data. Bartlett’s test for sphericity is highly signifi-
cant, at the 0.00 level, indicating that the variables are highly correlated and can be used for factor analysis.

Table 3. KMO and Bartlett’s Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.810
Approx. Chi-Square 284.241
Bartlett's Test of Sphericity df 15
Sig. 0.000

Source: author’s own research

Correlation analysis is a tool for representing the closeness of one related variable to another and
serves as an intermediate analytical step that provides preliminary empirical evidence regarding whether
theoretically related variables are associated in practice.

Table 4 shows that none of the correlation coefficients between the reward system and the other
variables exceed the threshold of 0.50, indicating weak and moderate correlations at the 0.05 significance
level. Between quality of work and employee retention (r = 0.540, n = 153, p < 0.05) and between job
satisfaction and quality of work (r = 0.470, n = 153, p < 0.05), moderate to strong correlations are ob-
served. These findings indicate that job satisfaction and quality of work represent key factors influencing
employee retention within the institution.

Furthermore, job satisfaction shows moderate correlations to employee retention (r = 0.439, n =
153, p < 0.05), confirming its important role in retaining employees. In contrast, the reward system does
not show statistically significant correlations with job satisfaction, quality of work, or employee retention
at the 0.05 level, suggesting that its influence on these outcomes is limited or indirect. Overall, the results
imply that institutions primarily enhance employee retention by improving job satisfaction and work quality,
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rather than relying solely on reward system mechanisms.

These findings are consistent with previous studies emphasizing that intrinsic motivation, organiza-
tional support, and work environment often play a more significant role in public-sector employee attitudes
than purely financial incentives (Belle and Cantarelli, 2015; Perry et al., 2010).

Table 4. Correlation analysis

Reward_System job satisfaction quality of work employee retention

Pearson Correlation 1 0.142 0.146 0.144
Reward_System Sig. (2-tailed) 0.079 0.071 0.075
N 153 153 153 153
Pearson Correlation 0.142 1 0.470* 0.439
Job satisfaction Sig. (2-tailed) 0.079 0.000 0.000
N 153 153 153 153
Pearson Correlation 0.146 0.470* 1 0.540
quality of work Sig. (2-tailed) 0.071 0.000 0.000
N 153 153 153 153
Pearson Correlation 0.144 0.439* 0.540* 1
employee retention Sig. (2-tailed) 0.075 0.000 0.000
N 153 153 153 153

Source: author’s own research

After comparing the strength of the correlation coefficient regression analysis has been run to test
the study’s hypotheses concerning the impact of the reward system on employee outcomes.

Table 5 presents a summary of regression analyses conducted to test the three research hypoth-
eses. The results indicate that the reward system has a positive effect on job satisfaction, quality of work,
and employee retention; however, effect sizes are small. The explained variance across all models is
low, with R Square values ranging from 2.0% to 2.1%, suggesting that reward systems play a limited role
in shaping employee outcomes in public institutions. Consequently, Hypotheses H,, H,, and H, are not
statistically significant.

Table 5. Summary of Regression Results for Hypotheses

Variables Hypothesis B (Reward System) R Square  Adjusted R Square F Sig. (p)
Job satisfaction H, 0.142 0.020 0.014 3.124 0.079
quality of work H, 0.146 0.021 0.015 3.303 0.071
employee retention H, 0.144 0.021 0.014 3.207 0.075

Note: N=153.p <0.05
Source: author’s own research

The low explained variance across all models indicates that additional organizational and psychologi-
cal factors may play a more important role in shaping employee attitudes and behavior. In highly regu-
lated public-sector environments, employees may perceive reward systems as standardized administrative
mechanisms rather than strong motivational tools. Similar findings have been reported in studies examin-
ing public-sector motivation in transitional administrative systems, where institutional stability and job secu-
rity often outweigh the motivational influence of formal reward structures (OECD, 2025; Tshukudu, 2020).

Table 6 presents the results of hierarchical regression analyses conducted as a robustness check.
In the first step, age and years of experience were entered as control variables. In the second step, the
reward system was added to the models. The results indicate that the reward system contributes posi-
tively to job satisfaction, quality of work, and employee retention after controlling for demographic char-
acteristics. However, the additional explained variance (R Square Change) is modest, ranging from 1.9%
to 2.4%, and the effects are marginally significant at the 10% level. These findings suggest that while
reward systems play a role in shaping employee outcomes in public institutions, their impact is limited and
influenced by other factors.
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Table 6. Results of the hierarchical linear regression analysis for robustness check

Dependent Variable  Predictor Standardized t Sig. R Square R Square
Coefficients Change

Job satisfaction Age 0.228 2.772 0.006

Working experience -0.119 -1.444 0.151

Reward system 0.140 1.761 0.080 0.019 0.071
Quality of work Age 0.045 0.533 0.595

Working experience -0.102 -1.203 0.231

Reward system 0.155 1.912 0.058 0.024 0.031
Employee retention  Age 0.161 1.924 0.056

Working experience -0.053 -0.634 0.527

Reward system 0.139 1.720 0.087 0.019 0.045

Source: author’s own research

Discussions

The purpose of this study was to examine whether reward systems in public institutions influence
employee job satisfaction, quality of work, and retention. The findings indicate that although the relation-
ships between the reward system and employee outcomes are consistently positive, their strength is
weak and not statistically significant. This pattern is observed across all three tested hypotheses, suggest-
ing a stable and coherent empirical outcome rather than random statistical variation.

The findings are also aligned with more recent public administration studies emphasizing that pub-
lic servants are increasingly motivated by intrinsic rewards, professional identity, and organizational sta-
bility rather than by direct financial compensation alone (Andersen et al., 2021). Recent OECD reports
similarly suggest that standardized public-sector compensation systems reduce the motivational impact
of performance-based rewards, particularly in transitional administrative environments characterized by
centralized regulation and limited managerial flexibility (OECD, 2025).

The weak impact of reward systems may be explained by the specific characteristics of public insti-
tutions in the Republic of North Macedonia. Public-sector employment is typically associated with high job
security, standardized salary structures, and limited performance-based incentives. As a result, employ-
ees may perceive rewards as an expected entitlement rather than as a motivational mechanism capable
of significantly influencing their behavior. This interpretation aligns with public administration literature,
which emphasizes that internal motivation, professional identity, and commitment to public service often
play a more dominant role than rewards in employee attitudes.

These findings are consistent with more recent studies emphasizing the importance of intrinsic
motivation and organizational support in public-sector institutions. Alamri (2023) found that employee en-
gagement in public organizations is strongly influenced by transformational leadership and public service
motivation, suggesting that non-financial motivational factors may play a more significant role in shaping
employee attitudes and work engagement than formal reward mechanisms alone. This may explain the
relatively weak influence of reward systems identified in the present study.

An important factor is the structure of the sample. The majority of respondents have more than
ten years of work experience, indicating a highly stable workforce with extensive institutional knowledge.
Such employees are likely to evaluate reward systems based on long-term experience rather than short-
term expectations, which may further reduce the observable impact of rewards on satisfaction, perfor-
mance, and retention. Employees in later career stages often place greater value on job stability, security,
and institutional continuity than on performance-based rewards or short-term incentives. Consequently,
reward systems may be perceived as a formal and expected component of employment rather than a
strong motivational driver. Furthermore, the limited representation of younger employees suggests that
early-career expectations, such as rapid advancement, performance-linked rewards, and flexible incen-
tive structures, are less influential in shaping the overall results. This reinforces the interpretation that
essential factors and structural characteristics of public-sector employment play a more prominent role in
employee attitudes than reward mechanisms alone.

The correlation analysis revealed strong relationships between job satisfaction, quality of work,
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and employee retention, suggesting that these factors are closely interconnected. This finding implies
that improving work conditions, institutional support, and meaningful job design may be more effective
strategies for enhancing retention than focusing exclusively on reward systems. This may be particularly
relevant in the context of the Republic of North Macedonia as a developing country, where public-sector
employees may place greater value on job stability, institutional support, and working conditions than on
formal reward mechanisms, which are often perceived as standardized and limited.

Overall, the results suggest that while reward systems remain an important component of human re-
source management, their effectiveness in public institutions is constrained by structural and institutional fac-
tors. These findings contribute to a more detailed understanding of employee motivation in the public sector and
highlight the need for a broader approach to managing human resources beyond formal reward mechanisms.

Conclusions

In any public institution employee performance is key towards achieving specific goals. Employee
perceptions of reward systems in public institutions in the Republic of North Macedonia depend on job sat-
isfaction, quality of work, and employee retention. The research results demonstrate that reward systems
have a positive but limited influence on these outcomes and do not represent a primary driver of employee
behavior in the public institutions.

The findings indicate that public-sector employees’ attitudes and performance are shaped more
strongly by factors such as job stability, institutional environment, and internal motivation than by reward
mechanisms alone. This suggests that policymakers and managers should complement reward systems
with broader human resource strategies focused on professional development, recognition, employee
engagement, and supportive leadership.

The report on public administration in the Republic North Macedonia (OECD, 2025) highlights that
public-sector reward systems remain highly standardized, centrally regulated, and weakly linked to meas-
urable performance outcomes. This institutional context helps explain why the present research identified
positive yet weak and statistically non-significant effects from the research hypotheses. In environments
where rewards are largely determined by formal criteria such as position classification and tenure, employ-
ees may perceive compensation as an entitiement rather than a motivational instrument. Consequently, the
limited empirical support for the hypotheses does not necessarily contradict motivational theory but instead
reflects structural constraints that reduce the strategic influence of reward systems in public institutions.

This study contributes to the literature in several ways. It extends the theoretical understanding of
reward systems in public-sector context by providing empirical evidence from a transitional administra-
tive environment, where compensation structures are highly standardized and centrally regulated. Offers
practical and policy-relevant insights by demonstrating that reward systems exert only a limited influence
on job satisfaction, quality of work, and employee retention, suggesting the need for better alignment
between performance evaluation and incentive mechanisms. The study enhances regional scholarship
by addressing the scarcity of quantitative research on human resource management practices in public
institutions in the Republic of North Macedonia.

Future research could expand this study by incorporating qualitative methods, examining specific
types of rewards in greater detail, or comparing public and private sector employees to further explore
differences in motivational dynamics.
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Abstract: This pilot study examined whether incongruent facial expressions and Vietnamese emotion labels were
associated with longer reaction times than congruent pairings in lower secondary school students. Six Viethamese students
in Grades 6 to 8 completed a 130-trial Emotional Face-Word Stroop Task comprising 70 congruent and 60 incongru-
ent trials. Reaction time was the primary measure, while accuracy was summarized separately. Mean reaction time was
longer for incongruent trials than for congruent trials, with an average difference of 175.87 milliseconds and a 95 percent
confidence interval from 104.28 to 247.46 milliseconds. Overall accuracy was 81.3 percent and was descriptively lower
for incongruent trials than for congruent trials. An exploratory analysis across three broader stimulus groups produced a
condition-by-group pattern, but this result was interpreted as task-specific because trial frequencies were unequal and the
corresponding cells differed in emotional composition. All participants completed the task, with completion times ranging
from 7.76 to 11.12 minutes. The findings showed an observed within-sample congruency pattern in this Viethamese-
language task, but they do not support population-level or stable emotion-specific conclusions. Future studies should
use larger and more diverse samples, balanced stimulus categories, prespecified reaction-time preprocessing rules,
controlled testing conditions, and sensitivity analyses restricted to correct responses. This pilot provides procedural and
behavioral information for refining the task and designing future developmental, educational, and cross-cultural research.

Keywords: Emotional Stroop Task, attentional interference, reaction time, emotion processing, students.

Introduction

The Stroop task is a well-established and widely used experimental paradigm for examining inter-
ference and cognitive control. First introduced by Stroop (1935), the task requires participants to respond
to a task-relevant stimulus dimension while managing interference from a competing, task-irrelevant di-
mension. In the classic color-word Stroop task, participants name the ink color of words that themselves
denote color names. Responses are generally faster and more accurate when the ink color and word
meaning are congruent, whereas incongruent trials tend to produce longer reaction times and more errors,
a pattern known as the Stroop interference effect (MacLeod, 1991; Stroop, 1935). Contemporary reviews
continue to characterize the Stroop effect as robust, while indicating that it may involve contributions from
multiple levels of processing and more than one locus of attentional selection (Parris et al., 2022).

Building on the classic paradigm, emotional Stroop tasks have been developed to examine how
emotional meaning influences attentional performance. In a common version of the task, emotional and
neutral words are presented in different ink colors, and participants are instructed to identify the ink color
while ignoring the word meaning (Joyal et al., 2019; Straub et al., 2022; Wielgopolan et al., 2025). Emo-
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tional words often produce longer reaction times than neutral words, although the magnitude and direction
of this difference may vary across stimulus sets, task designs, and participant groups (Joyal et al., 2019;
McKenna, 1986; Straub et al., 2022; Wielgopolan et al., 2025; Williams et al., 1996). This reaction-time dif-
ference is commonly used as an index of emotional interference or attentional bias, but it does not uniquely
identify the cognitive mechanism producing the effect (Joyal et al., 2019; Straub et al., 2022).

Although classic and emotional Stroop tasks both involve interference during task performance, the
sources of that interference can differ substantially across paradigms (Mller et al., 2025). In the classic
task, interference arises when task-relevant color information competes with task-irrelevant word informa-
tion and may involve both informational and task conflict (Parris et al., 2022). In emotional Stroop tasks,
performance may be influenced by the emotional salience and semantic meaning of the stimuli, as well
as by task demands, prior experience, and participant characteristics (Hsieh and Sharma, 2019; Imbir,
Pastwa, et al., 2021; McKenna and Sharma, 2004; Williams et al., 1996). Emotional interference may
therefore reflect multiple processes, including attentional capture and semantic or conceptual process-
ing, with additional contributions from task-control and memory processes depending on the paradigm
and participant characteristics (Hsieh and Sharma, 2019; Imbir, Pastwa, et al., 2021). This distinction
is important because reaction-time differences alone cannot determine which processing component is
responsible for the observed interference (Parris et al., 2022).

Emotional attention and interference can vary with the modality and configuration of the emotional
stimuli used in a task (Lunn and Chen, 2022; Smolker et al., 2022). Face-word Stroop variants combine
facial expressions and emotional language, creating conflict when the two sources of emotional informa-
tion are inconsistent (Jamieson et al., 2023; Kuehne et al., 2019). Recent research indicates that emotion-
al face-word Stroop paradigms can provide behavioral measures related to processing speed, inhibitory
control, and emotional information processing in adolescent samples (Banich et al., 2019; Smolker et al.,
2022). Studies of inconsistent emotional face-word signals further indicate that performance may involve
cognitive control processes that regulate competition between task-relevant and task-irrelevant affective
information (Banich et al., 2019; Jamieson et al., 2023; Kuehne et al., 2019). Behavioral measures such
as reaction time and accuracy can characterize the interference pattern, but they do not by themselves
identify the neural processes underlying that pattern (Jamieson et al., 2023; Kuehne et al., 2019).

Research has also examined whether emotional Stroop interference varies according to stimulus
valence. Earlier studies reported greater interference for negative than for neutral or positive stimuli,
which was interpreted as preferential attention to potentially threatening information (McKenna and Shar-
ma, 1995; Pérez-Edgar and Fox, 2003). For example, Pérez-Edgar and Fox (2003) found that secondary
school students responded more slowly to negative words than to neutral words, whereas responses to
positive and neutral words did not differ. More recent evidence indicates that emotion perception can vary
with developmental stage and stimulus presentation (Tsenkova et al., 2025). Within the emotional Stroop
paradigm, performance may also depend on multiple affective dimensions, including interactions between
valence and arousal and effects associated with subjective significance (Imbir, Duda-Gotawska, et al.,
2021). Emotional stimuli therefore do not produce a uniform interference pattern across task conditions,
stimulus characteristics, or participant populations (Imbir, Duda-Gotawska, et al., 2021; Joyal et al., 2019).

Several theoretical accounts have been proposed to explain emotional Stroop interference. Atten-
tional-capture accounts propose that emotionally salient stimuli temporarily direct processing resources
away from task goals, whereas threat-related accounts emphasize disruption by information with potential
motivational relevance (Wentura et al., 2000; Williams et al., 1996). Response- and task-conflict accounts
instead propose that interference can arise from competition at the response level and from competition
between task sets, with their contributions depending partly on the stimulus—response structure and re-
sponse requirements of the task (Hsieh and Sharma, 2019; Parris et al., 2022). These perspectives are
not mutually exclusive. Rather, they suggest that observed interference may reflect multiple processes
whose relative contributions can vary with task design, stimulus characteristics, and participant character-
istics (Hsieh and Sharma, 2019; Joyal et al., 2019; Parris et al., 2022; Smolker et al., 2022).

Beyond stimulus characteristics, individual and contextual factors may also shape emotional Stroop
performance (Ishikawa et al., 2021; Scrimin et al., 2019). Previous research has linked variation in Stroop-
related emotional and attentional interference to anxiety, clinical status, and the personal or diagnostic
relevance of the stimuli (Ishikawa et al., 2021; Joyal et al., 2019). In educational settings, students have
shown attentional bias toward school-related stressors, with performance also varying according to indi-
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vidual emotional characteristics and classroom context (Scrimin et al., 2016; Scrimin et al., 2019). More
broadly, contextual factors such as stress, support, cognitive stimulation, and school or classroom environ-
ments have been identified as relevant pathways or protective factors in youth cognitive and academic
outcomes (Rakesh et al., 2025). Together, these findings support further examination of emotional interfer-
ence in school-aged populations in relation to attentional self-regulation, academic stressors, and class-
room context (Scrimin et al., 2016; Scrimin et al., 2019). Longitudinal evidence also indicates that emotion
regulation is closely linked to school-related well-being during adolescence (Beaumont et al., 2023).

Emotional face-word Stroop tasks combine two socially meaningful sources of emotional infor-
mation and create conflict when facial expressions and emotion labels are inconsistent (Smolker et al.,
2022). Recent research has applied emotional Stroop paradigms to adolescent samples across different
cultural settings. For example, Lunn and Chen (2022) examined separate facial and lexical emotional
Stroop tasks in Taiwanese adolescents, whereas Smolker et al. (2022) used a large-scale emotional
face—word Stroop paradigm to examine task performance and its associations with cognition and psycho-
pathology in a large adolescent cohort. Despite these developments, three gaps remain relevant. First,
although word-based emotional Stroop paradigms remain prominent in the literature, comparatively less
work has focused on facial-verbal emotional conflict in school-aged samples (Smolker et al., 2022). Sec-
ond, research specifically focused on children and adolescents remains comparatively limited, particularly
relative to the extensive adult and clinical literature (Lunn and Chen, 2022; Smolker et al., 2022). Third,
emotional Stroop performance in Vietnamese adolescents remains an underexplored area. More broadly,
cognitive neuroscience applications in Vietnamese educational research have been described as still
developing (Shih-Tseng and Tran-Chi, 2019). Addressing these gaps is important because developmental
stage and cultural context can shape emotion recognition and emotional processing (Maller et al., 2022),
while task structure determines how competing facial and verbal emotional information generates re-
sponse conflict (Smolker et al., 2022). Linguistic adaptation may also require careful consideration when
emotional Stroop tasks are used across languages (Lunn and Chen, 2022). A Vietnamese-language pilot
can therefore provide useful procedural and behavioral information for future developmental, educational,
and cross-cultural studies.

The present small pilot study addressed these gaps using an Emotional Face-Word Stroop Task
adapted for Vietnamese lower secondary school students. Unlike conventional emotional Stroop para-
digms based on color naming, the present task required participants to judge whether a Vietnamese
emotion label matched a facial expression. The study was designed to describe task implementation and
within-subject performance patterns rather than to estimate population-level effects. The primary aim was
to examine whether incongruent trials were associated with longer reaction times than congruent trials
within the present sample. A secondary exploratory aim was to describe whether the condition-related
reaction-time pattern varied across broader neutral, positive, and negative stimulus groups, given the
mixed patterns reported in previous research (McKenna and Sharma, 1995; Pérez-Edgar and Fox, 2003).
This secondary analysis was intended to characterize the present task configuration rather than to pro-
vide confirmatory evidence of stable emotion-specific effects. The analyses were expected to inform task
refinement and the design of larger hypothesis-driven studies.

Materials and methods

Participants

The study included six lower secondary school students recruited through convenience sampling
from the researchers’ personal networks and referrals. All participants were enrolled in Grades 6 to 8 at
the time of data collection. The sample consisted of two female students (33.3%) and four male students
(66.7%). One participant was in Grade 6 (16.7%), three were in Grade 7 (50.0%), and two were in Grade
8 (33.3%). Exact ages were not collected; therefore, participants’ grade levels were used to indicate their
educational stage.

Eligibility required current enroliment as a lower secondary school student, sufficient Vietnamese
reading comprehension to understand the task instructions and emotion labels, written consent from a
parent or legal guardian, verbal assent from the student, and willingness to complete the computerized
task. No additional clinical or health-related exclusion criteria were applied, and no formal clinical, develop-
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mental, or visual screening was conducted. Participants who ordinarily used corrective glasses completed
the task using their usual eyewear. Before the task began, the researcher explained the instructions and
demonstrated the required keyboard responses. No participant was excluded or withdrew after enroliment.

Recruitment was conducted independently of any secondary school, and no school served as a
recruitment or data-collection site. The task was administered individually in home-based settings; there-
fore, school administrative permission was not applicable.

Study Design

The study employed a within-subject pilot design using an Emotional Face-Word Stroop Task. All
participants completed congruent and incongruent trials involving seven emotion categories. Reaction
time (RT) was operationalized as the response latency from stimulus onset to keypress for trials in which
a response was recorded, irrespective of response accuracy, and served as the primary performance
measure. Response accuracy was analyzed separately as a secondary measure. The study was de-
signed to describe task implementation and within-subject performance patterns in a pilot sample, rather
than to estimate population-level effects.

Emotional Face-Word Stroop Task
Stimuli

Facial stimuli were obtained from the Averaged Karolinska Directed Emotional Faces (AKDEF)
database developed by Lundqvist and Litton (1998). The complete AKDEF set consists of 70 grayscale
images depicting an averaged female face and an averaged male face, each displaying seven emotional
expressions from five viewing angles. The expressions are afraid, angry, disgusted, happy, neutral, sad,
and surprised, and the source images have a resolution of 562 x 762 pixels. The present task used all 70
images from the AKDEF set. These images were paired with Viethamese emotion labels to construct 130
trials. The number of trials therefore refers to the number of face-label pairings, rather than the number
of unique source images, and some images appeared in more than one pairing. Sad, angry, neutral, dis-
gusted, surprised, and afraid expressions each appeared in 20 trials (15.4%), whereas happy expressions
appeared in 10 trials (7.7%).

For the secondary exploratory analysis, trials were grouped as neutral (20 trials), positive (30 tri-
als), and negative (80 trials). The positive group included happy and surprised trials, whereas the negative
group included sad, angry, disgusted, and afraid trials. Surprise was provisionally classified as positive for
this exploratory grouping. Because no happy-incongruent trials were presented, the positive cells were
not compositionally equivalent across conditions. The positive congruent condition included both happy
and surprised trials, whereas the positive incongruent condition included surprised trials only. This imbal-
ance was explicitly considered when interpreting the exploratory stimulus-group analysis.

Although the task did not involve color-word naming, it followed a Stroop-like congruency framework
in which participants responded to agreement or conflict between facial and verbal emotional information.
Because the task required an explicit match-mismatch judgment, both the facial expression and the emo-
tion label were relevant to the response. The manipulation therefore represented facial-verbal emotional
congruency conflict rather than interference from a task-irrelevant dimension (Smolker et al., 2022).

Task Procedure

The task was programmed and administered using E-Prime version 1.1 (Psychology Software Tools,
2020). The English task instructions and emotion labels were translated into Vietnamese by bilingual mem-
bers of the research team. Because the materials consisted of seven basic emotion terms and brief instruc-
tions, the translations were reviewed collaboratively for semantic clarity and age-appropriate comprehen-
sion. Given the limited and concrete nature of the materials, no formal back-translation or external linguistic
validation was undertaken. Before the experimental trials began, the researcher explained the instructions
orally, demonstrated the two response keys, allowed participants to ask questions, and confirmed that
each participant understood the response procedure. No separate practice block was administered.
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Each trial presented a facial expression together with a Vietnamese emotion label. Participants indicated whether the label matched the
expression. The stimulus remained visible until a response was made or until the 5,000-ms response deadline was reached. The faces
shown in the figure are schematic; the experimental stimuli were obtained from the AKDEF database (Lundqvist and Litton, 1998).

Figure 1. Example Trial Sequence in the Emotional Face—Word Stroop Task

No fixation cross was presented. On each trial, a facial image and a Vietnamese emotion label ap-
peared simultaneously on the screen. Participants pressed the “1” key when the label matched the facial
expression and the “2” key when the label did not match the expression. The facial stimulus and emotion
label remained visible until the participant responded or the 5,000-ms response deadline was reached,
and a keypress immediately terminated the stimulus display.

After each trial, feedback indicating a correct or incorrect response was displayed for approximately
1,000 ms. The next trial began immediately after the feedback display, with no separate intertrial interval.
Because the task was brief, no scheduled breaks were provided. Across participants, total completion
time ranged from 7.76 to 11.12 minutes, with a mean duration of 8.94 minutes. All participants received
the same set of 130 trials, but trial order was randomized separately for each participant by E-Prime within
a single mixed sequence. No additional counterbalancing or manually imposed restrictions on consecu-
tive trial types were applied. Participants were instructed to respond as quickly and accurately as possible.

Apparatus and Software

The task was programmed and administered using E-Prime version 1.1 on the same Dell Precision
7550 laptop for all participants. The laptop had a 15.6-inch display, and responses were entered using its
built-in keyboard. Using the same computer, display, keyboard, and software configuration standardized
the administration conditions across participants. E-Prime recorded RT in milliseconds and automatically
stored response accuracy.

Testing was conducted individually in a quiet and comfortable home-based setting. The researcher
remained present throughout each session and made reasonable efforts to minimize noise, interruptions,
and other external distractions. Timing precision was not independently benchmarked; however, the same
hardware and software configuration was maintained across all testing sessions.

Data Collection and Measures

Data collection took place between May 2024 and October 2024. RT was operationalized as the
interval between stimulus onset and the participant’s keypress for trials with a recorded response, irre-
spective of response accuracy. Accuracy was coded separately as 1 for a correct response and 0 for an
incorrect response when a response was recorded. The response window was limited to 5,000 ms. When
no response was made before the deadline, E-Prime recorded a system-coded RT value of 0 ms, and no
response accuracy was recorded. Two timeout trials occurred across the sample. During data prepara-
tion, the corresponding analysis values for these timeout trials were recoded as 99 and designated as
user-missing in SPSS.

The task yielded 780 trial-level records across six participants. Each participant was presented with
130 trials, including 70 congruent trials (53.8%) and 60 incongruent trials (46.2%). All trial records were
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retained in the dataset; however, the two timeout trials were treated as missing for analyses requiring RT
or accuracy. Participant-level condition means were therefore calculated from the available nonmissing
observations within each condition. RT and accuracy were analyzed as separate performance indicators.

Data Analysis

Given the small pilot sample, the analyses were used primarily to characterize within-subject per-
formance patterns, and the inferential findings were interpreted exploratorily rather than as population-lev-
el evidence. RT and accuracy were treated as separate performance indicators. RT analyses retained all
recorded RTs irrespective of response accuracy; therefore, RTs from both correct and incorrect responses
were included. The two timeout trials, for which no behavioral response was recorded, were designated
as user-missing in SPSS and did not contribute to RT or accuracy calculations. No missing values were
imputed. No RT trimming, winsorization, transformation, or distribution-based outlier exclusion was applied
to the recorded RT values. Participant-level condition means were calculated from the available nonmiss-
ing RT observations within each condition.

For the primary within-subject comparison, participant-level mean RTs for congruent and incongru-
ent trials were compared using a paired-samples t test. Given the sample size, distributional assumptions
and inferential estimates were interpreted cautiously. The mean difference, its 95% confidence interval,
and Cohen'’s d, were reported to characterize the magnitude of the within-subject condition difference.

For the secondary exploratory analysis, a 2 (condition: congruent, incongruent) x 3 (broader stimu-
lus group: neutral, positive, negative) repeated-measures analysis of variance was conducted using par-
ticipant-level mean RTs. Because of the small sample size and unequal stimulus composition, this analy-
sis was used to characterize patterns in the present task configuration rather than to provide confirmatory
evidence of emotion-specific effects. Partial eta squared (npz) was reported as an effect-size estimate.
Sphericity was assessed using Mauchly’s test, and Greenhouse-Geisser corrections were planned if the
assumption was violated. Statistical analyses were conducted using IBM SPSS Statistics Version 26.

Results

Data Completeness and Trial Retention

All six participants completed the full task protocol, yielding 780 trial-level records. Two trials (0.3%)
reached the 5,000-ms response deadline without a behavioral response. These timeout trials remained
in the dataset but were treated as missing for analyses requiring RT or accuracy. Accordingly, 778 trials
contained recorded behavioral responses. RTs from both correct and incorrect responses were retained
in the RT analyses, whereas accuracy was analyzed separately.

Descriptive Statistics of Emotional Stroop Performance

Descriptive statistics for RTs across conditions and emotion categories are presented in Table 1.
Mean RTs across individual emotion categories ranged from approximately 1,201 to 1,948 ms. Although
the overall condition-level mean was higher for incongruent trials, patterns across individual emotion cat-
egories varied by condition. Therefore, the individual emotion results are presented descriptively, without
inferential comparisons at that level.
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Table 1. Descriptive Statistics of Reaction Times (ms) Across Conditions and Emotion Groups

Condition Emotion Group Emotion Name Minimum Maximum Mean  Standard Deviation
Congruent Positive Happy 636 3381 1201 453
Surprised 784 2578 1352 368
Negative Afraid 843 3997 1838 696
Angry 607 3233 1555 594
Disgusted 723 4739 1407 646
Sad 626 4029 1768 639
Neutral Neutral 737 4187 1689 677
Incongruent  Positive Happy - - - -
Surprised 901 4250 1948 713
Negative Afraid 658 4715 1829 718
Angry 735 313 1620 545
Disgusted 796 4992 1494 713
Sad 862 3193 1772 604
Neutral Neutral 814 4970 1653 799

Note: Descriptive statistics are based on trial-level RT observations and are presented to characterize the observed RT distri-

butions within the task. Timeout trials were treated as missing and were not included in these calculations.
Overall accuracy was 81.3%. Descriptive accuracy by condition is presented in Table 2. Mean ac-

curacy was 86.19% (SD = 4.11%) for congruent trials and 75.56% (SD = 12.46%) for incongruent trials.

Table 2. Overall Accuracy

Condition Mean Accuracy (%) Standard Deviation (%)
Congruent 86.19 411
Incongruent 75.56 12.46

Note: Accuracy was calculated from trials with a recorded response; timeout trials were treated as missing

Condition Effect (Congruent vs. Incongruent)

The primary within-subject comparison examined whether mean RTs differed between congruent
and incongruent trials. Participant-level mean RTs were longer for incongruent trials (M = 1,719.50 ms, SD
= 234.40) than for congruent trials (M = 1,543.63 ms, SD = 180.87). An exploratory paired-samples t test
indicated a condition difference, t, = 6.32, p =.001, Cohen’s d, = 2.58. The mean difference was 175.87
ms, 95% CI [104.28, 247.46). Wl(tlzun this six-participant pilot sample, the observed mean RT difference
was in the expected direction; however, the inferential result is reported for exploratory purposes and
should not be interpreted as providing a stable population-level effect estimate. Participant-level mean
RTs for the two conditions are illustrated in Figure 2.

2,000.00

1,500.00

1,000.00

Reaction Time (ms)

500.00

%

Congruent

Each line represents an individual participant. Reaction times are shown as participant-level means
Figure 2. Reaction Times for Congruent and Incongruent Conditions
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Exploratory Condition-by-Stimulus-Group Patterns

As a secondary exploratory analysis, a 2 (condition: congruent, incongruent) x 3 (broader stimulus
group: neutral, positive, negative) repeated-measures analysis of variance was conducted using participant-
level mean RTs. Because the task contained unequal numbers of trials across emotion categories and the
positive cells differed in emotional composition across conditions, the analysis was used to characterize the
observed pattern in the present task configuration rather than to test confirmatory valence-specific effects.

Table 3. Mean Reaction Times (ms) Across Conditions and Broader Stimulus Groups

Emotion Group Congruent (Mean + Standard Deviation) Incongruent (Mean + Standard Deviation)
Neutral 1688.68 + 237.57 1652.57 + 377.27
Positive 1276.33 £ 171.91 1948.30 £ 171.48
Negative 1641.64 +£219.27 1678.92 £ 275.11

Note: Values represent participant-level means. The positive congruent condition included happy and surprised trials, whereas
the positive incongruent condition included surprised trials only because no happy-incongruent trials were presented. The cells
therefore differed in emotional composition, and comparisons involving the positive group should be interpreted descriptively.

Mauchly’s tests were not statistically significant for either the broader stimulus-group effect or the
Condition x Stimulus Group interaction (p = .457 and p = .696, respectively). Given the small pilot sample,
however, these tests provided limited evidence regarding the sphericity assumption. For consistency with the
original exploratory analysis, the uncorrected degrees of freedom are retained and reported descriptively

The analysis yielded a main effect of condition, F( =42.99, p =.001, n.* = .90. The main effect
of broader stimulus group was not statistically significant, ) 10) = =0.20, p = .83, r] 2= 04. A Condition x
Stimulus Group interaction was also observed, F(2 ~ =22.74, p <.001, n, 2= 82" Because the positive
congruent and incongruent cells did not contain the same emotion categorles the interaction is reported
as a task-specific exploratory pattern rather than evidence of valence-specific interference. Given the small
pilot sample and the non-equivalent emotional composition of the positive cells, these ANOVA results are
reported solely as exploratory summaries of the observed task configuration. The associated p values and
effect-size estimates should not be interpreted as stable estimates of population-level effects or as con-

firmatory evidence of valence-specific interference.

Condition

2,000.00 = Congruent
=== Incangruent

1,500.00

1,000.00

Reaction Time (ms)

500.00

Neutral Positive MNegative

Emotion Groups

Note: The positive congruent and incongruent cells differed in emotional composition because happy trials were present only
in the congruent condition. The figure is therefore intended to illustrate the observed task pattern rather than a confirmed
valence-related effect.

Figure 3. Descriptive Reaction-Time Patterns Across Broader Stimulus Groups and Conditions.

Accuracy and Error Patterns

Overall accuracy was adequate rather than near either extreme of the response scale. Mean accu-
racy was descriptively lower for incongruent trials than for congruent trials. Descriptively, the combination
of longer RTs and lower accuracy in the incongruent condition was not consistent with the conventional

www.ijcrsee.com
298


www.ijcrsee.com

Tran-Chi, V., L., & Tran-Thien, G., P. (2026). Reaction-Time Patterns in an Emotional Face—Word Stroop Task among Lower
Secondary School Students: A Pilot Study, International Journal of Cognitive Research in Science, Engineering and Education
(IJCRSEE), 14(2), 291-303.

pattern expected under a speed-accuracy trade-off. Because accuracy was not subjected to inferential
testing, this interpretation remains descriptive.

Discussion

The present pilot study examined attentional processing in Viethamese lower secondary school
students using an Emotional Face-Word Stroop Task. Accordingly, the present paradigm is best under-
stood as a Stroop-like facial-verbal congruency task rather than a conventional emotional color—word
Stroop task in which emotional word meaning is task-irrelevant to the color-naming response. The pri-
mary focus was the within-subject difference in reaction time between congruent and incongruent tri-
als, whereas patterns across broader stimulus groups were examined exploratorily. Overall, the results
showed longer reaction times for incongruent trials, together with adequate descriptive accuracy across
the sample. The exploratory analysis also indicated that condition-related reaction-time patterns differed
across broader stimulus groups, although these differences require cautious interpretation because of the
unequal stimulus composition.

The longer reaction times observed for incongruent trials are consistent with previous emotional
face—word Stroop findings in adolescent samples (Smolker et al., 2022). In the present task, the incongru-
ent condition was defined by a mismatch between facial and verbal emotional information rather than by
conventional color-word conflict. The observed pattern suggests that evaluating mismatched emotional
cues imposed additional processing demands, potentially engaging conflict-resolution and cognitive-con-
trol processes (Jamieson et al., 2023; Smolker et al., 2022). Given the pilot design, the result is best in-
terpreted as a consistent within-sample condition pattern rather than as a stable estimate of a population-
level effect. Nevertheless, it provides a useful basis for refining and evaluating this Vietnamese-language
task in a larger sample.

Accuracy findings provided additional context for interpreting the reaction-time results. Mean ac-
curacy was descriptively lower for incongruent trials than for congruent trials, while overall performance
remained adequate. Descriptively, the combination of longer reaction times and lower accuracy in the
incongruent condition was not consistent with the conventional pattern expected under a speed-accuracy
trade-off. Because accuracy was not subjected to inferential testing, this interpretation remains descriptive.

The exploratory analysis further indicated that condition-related reaction-time differences varied
across the broader stimulus groups. However, this pattern cannot be attributed confidently to emotional
valence because the positive cells were not compositionally equivalent across conditions. The positive
congruent condition included happy and surprised trials, whereas the positive incongruent condition in-
cluded surprised trials only, and the numbers of neutral, positive, and negative trials were also unequal.
The observed interaction may therefore reflect differences in stimulus composition, trial frequency, or their
combination rather than a stable valence-specific effect. This cautious interpretation is consistent with
evidence that emotional Stroop performance can vary as a function of valence and arousal (Imbir, Duda-
Gotawska, et al., 2021), while emotional face—word Stroop effects can also vary with distractor valence
and the relative frequency of incongruent trials (Smolker et al., 2022). Accordingly, the present interaction
is most appropriately viewed as a task-specific exploratory pattern that can inform the development of a
more balanced stimulus design.

The study also has relevance for developmental and educational research. In educational settings,
attentional bias and emotional interference have been associated with academic stressors, self-regulatory
processes, and classroom context (Scrimin et al., 2016; Scrimin et al., 2019). Emotion regulation is also
longitudinally related to school-related well-being during adolescence (Beaumont et al., 2023). Although
these educational outcomes were not directly assessed, the present task provides a behavioral paradigm
that could be incorporated into future studies examining how school-aged participants manage competing
emotional information. The Vietnamese context also adds evidence from a comparatively underrepresented
population in the emotional Stroop literature. Because emotion recognition and labeling may vary across
developmental and cultural contexts, and because task translation can affect cross-language implementa-
tion, culturally and linguistically adapted paradigms are important for future comparative research (Lunn
and Chen, 2022; Mdller et al., 2022). The current findings therefore contribute preliminary procedural and
behavioral information rather than direct evidence of cultural differences.
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Several limitations should be considered. The pilot sample was small and recruited through con-
venience sampling, which limits the precision of effect-size estimates and the extent to which the ob-
served patterns can be generalized. Exact ages were not collected, which also restricted developmental
interpretation beyond grade level. In addition, the unequal stimulus distribution, particularly the absence
of happy-incongruent trials, limits conclusions about valence-specific or emotion-specific effects. Testing
was conducted in home-based settings rather than a laboratory; however, the same laptop, software
configuration, researcher-administered procedure, and efforts to minimize distractions were used across
all sessions. No separate practice block was administered, so early-trial performance may have reflected
task-familiarization effects, particularly given the participants’ developmental stage. The reaction-time
analysis retained both correct and incorrect responses when an RT was recorded because the outcome
was defined as overall response timing. Timeout trials without a recorded behavioral response were treat-
ed as missing. Future studies could prespecify sensitivity analyses restricted to correct-response trials to
evaluate the robustness of this analytic choice. Finally, the translated materials were reviewed collabora-
tively but did not undergo formal linguistic validation, and the hardware-software timing configuration was
not independently benchmarked. These limitations should be considered when interpreting the magnitude
and robustness of the observed within-sample condition pattern and identify important priorities for task
refinement and future confirmatory investigation.

Future research should examine emotional face-word Stroop performance in larger and more di-
verse samples of school-aged participants. A balanced design should include equivalent emotion cat-
egories and trial frequencies across congruent and incongruent conditions. Larger studies should also
use prespecified reaction-time preprocessing rules, standardized task instructions, and controlled testing
procedures, together with preregistered primary and exploratory analyses. Such studies could examine
whether emotional face—word Stroop performance varies by developmental stage or is associated with
academic stress, anxiety, emotion regulation, and student well-being. Overall, the present pilot provides
a preliminary behavioral and procedural basis for larger hypothesis-driven research on emotional conflict
and attentional processing in developmental, educational, and cross-cultural contexts.

Conclusion

The present pilot study examined reaction-time patterns in six Vietnamese lower secondary school
students using an Emotional Face-Word Stroop Task that combined facial expressions with Vietnamese
emotion labels. Mean reaction times were longer for incongruent than congruent trials, showing an ob-
served within-sample condition pattern under the present task configuration. Accuracy was descriptively
lower for incongruent trials but remained adequate overall. Descriptively, the combination of longer reac-
tion times and lower accuracy in the incongruent condition was not consistent with the conventional pat-
tern expected under a speed-accuracy trade-off.

The exploratory variation across broader stimulus groups should be interpreted as task-specific
because the emotion categories and trial frequencies were not equivalent across conditions. The findings
therefore provide preliminary behavioral and procedural information for refining a Vietnamese-language
emotional face—word Stroop paradigm rather than population-level evidence of stable valence-specific
effects. Future studies with larger samples, balanced stimuli, prespecified reaction-time preprocessing
procedures, and more controlled testing conditions are needed to evaluate the stability of the observed
pattern and extend its use in developmental, educational, and cross-cultural research.
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Abstract: The development of practical competence is an important component of biology teacher education, par-
ticularly in laboratory, field, and animal-related studies. The aim of this study was to evaluate the effectiveness of adapting
selected practice-oriented pedagogical approaches identified during a research internship at Hacettepe University (Turkey) for
developing the practical competence of biology students in Kazakhstan. A mixed-methods research design was employed. The
Turkish stage included analysis of scientific and methodological literature from the Hacettepe University Library, a structured
questionnaire survey of 25 undergraduate students, student interviews, classroom observations and examination of laboratory-,
research- and field-oriented teaching practices. These activities, together with the findings of our previous studies, were used
to identify instructional elements suitable for adaptation. Selected approaches, including laboratory and experimental learning,
applied animal-biology tasks, collaborative learning, digital visualization, virtual laboratories and research-oriented instruction,
were integrated with an author-developed electronic learning resource. The adapted approach was tested during a semester-
long pedagogical experiment at Abai Kazakh National Pedagogical University involving an experimental group (n = 42) and a
control group (n = 35). The experimental group received practice-oriented instruction, while the control group studied through
conventional teaching methods. Subsequently, the developed lesson plans and didactic materials were incorporated into an
approved 80-hour professional development course completed by 25 school and university teachers from different regions,
who provided feedback on their applicability in real biology teaching practice. The findings support the effectiveness of adapting
practice-oriented pedagogical approaches for strengthening practical competence in biology teacher education in Kazakhstan.

Keywords: pedagogical education, biological education, practical competence, practice-based learning, digital technologies,
laboratory and field work.

Introduction

Modern pedagogical education is undergoing a paradigm shift from predominantly knowledge-
based instruction toward competence-oriented learning models that emphasize practical application, re-
search skills and professional readiness. This transformation reflects global educational trends aimed
at aligning academic training with real-world scientific, pedagogical and environmental challenges. In
biology education, particularly in teacher training programs, the development of practical competence has
become a strategic priority, as it directly influences graduates’ ability to apply theoretical knowledge in
laboratory, field and classroom contexts.

At the national level, this challenge has been explicitly articulated within Kazakhstan's current educa-
tional agenda. In the State Program for the Development of Education and Science of the Republic of Kazakh-
stan for 2023-2029 (Government of the Republic of Kazakhstan, 2023), emphasis is placed on strengthening
practice-oriented training, digital transformation of higher education and the formation of functional literacy and
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professional competencies among future teachers. The program highlights the need to modernize pedagogi-
cal training through laboratory work, applied research and the integration of digital educational technologies.

Furthermore, in his recent Addresses to the Nation, the President of the Republic of Kazakhstan,
Kassym-Jomart Tokayev, emphasized that higher education must transcend formal knowledge acquisition and
prioritize the preparation of specialists capable of independent decision-making, research activity and practi-
cal problem-solving within authentic professional contexts (Tokayev, 2024). Particular attention was devoted
to teacher education, where the effectiveness of learning outcomes is intrinsically linked to educators’ capacity
to translate theoretical knowledge into practice and to effectively integrate modern educational technologies.

In the context of the ongoing Concept for the Development of Higher Education and Science until
2029 and the implementation of the “Digital Kazakhstan” initiative (Government of the Republic of Ka-
zakhstan, 2017), biology education is increasingly viewed as a strategic field for fostering environmental
responsibility, scientific thinking and applied competencies. According to national higher education moni-
toring reports of Kazakhstan, more than 60% of biology-related study programs emphasize theoretical
coursework as the dominant mode of instruction, while practical and research-based components remain
limited in scope and duration. This is especially relevant for animal-related disciplines, which inherently
require observation, experimentation and interaction with real or simulated biological systems.

Despite extensive curricular reforms, a persistent gap remains between theoretical instruction and
practical implementation. Survey data from pedagogical universities indicate that approximately 35-40%
of students report insufficient opportunities for hands-on laboratory work and field-based activities within
biology courses (Ministry of Science and Higher Education of the Republic of Kazakhstan, 2022). Many
biology programs in Kazakhstan continue to prioritize content transmission over experiential learning, limit-
ing students’ opportunities to engage in experimental research, observation and applied problem-solving.
This imbalance is especially critical in the study of animal diversity, where direct observation, laboratory ex-
perimentation and fieldwork are fundamental to conceptual understanding and professional competence.

The present study is part of a broader research program initiated in 2023 and focused on the develop-
ment of practical competence among future biology teachers through practice-oriented biology education.
The initial empirical stage was conducted among biology students in Kazakhstan in 2024 and focused on
the importance of studying animals in biology for the development of practice-oriented skills (Tolegen and
Maimataeva, 2024). Based on these preliminary findings, separate studies were subsequently conducted
in which lesson plans were developed using practice-oriented approaches identified during a research
internship at Hacettepe University (Turkey). However, the results of the experimental implementation of
these approaches in biology education in Kazakhstan are presented in the present study.

Importantly, the term “Turkish pedagogical experience” in this study does not refer to a single stand-
ardized national model or to the direct implementation of an entire Turkish curriculum. It specifically refers
to a set of practice-oriented instructional principles and teaching methods examined at Hacettepe Uni-
versity through literature analysis, student questionnaires and interviews, classroom observations during
biology-related courses and familiarization with laboratory-, research- and field-based teaching practices.
Previous studies described these approaches in greater methodological detail, including research- and
project-based learning, laboratory and field activities, collaborative learning, virtual and digital visualization
tools and reflective assessment (Tolegen et al., 2025). An adapted lesson plan on the topic “Adaptations
and Diversity of Vertebrates” was also presented in a previous study (Tolegen and Maimataeva, 2026).

Accordingly, the present study pursued the following interrelated objectives: (1) to summarize the
research activities conducted at Hacettepe University; (2) to evaluate the effectiveness of the adapted in-
structional approach by comparing practical competence and academic performance in the experimental and
control groups; and (3) to examine the professional relevance and applicability of the developed methodology
and instructional materials through a subsequent professional development course and participant feedback.

Accordingly, the study addressed the following research questions:

RQ,: What activities conducted during the research at Hacettepe University contributed to the
study, and what approaches were suggested by Turkish students for biology teacher education?

RQ,: Does the adapted practice-oriented teaching approach lead to greater improvements in prac-
tical competence and academic performance than traditional instruction?

RQ,: How do participants in the professional development course evaluate the relevance, applica-
bility, and usefulness of the adapted methodology and instructional materials?
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In recent decades, competence-based education has emerged as a dominant paradigm in higher
education, particularly in teacher training programs. Unlike traditional knowledge-oriented models, com-
petence-based approaches emphasize the integration of cognitive, procedural and reflective components
that enable learners to apply disciplinary knowledge in authentic professional contexts (Mulder, 2014; Ry-
chen and Salganik, 2003). Practical competence is thus conceptualized as a multidimensional construct
encompassing subject knowledge, practical skills, decision-making ability and professional judgment.

For the purposes of the present study, practical competence in biology teacher education is un-
derstood as the integrated capacity to apply biological knowledge in authentic or simulated educational
and scientific contexts. It comprises four interrelated dimensions: (1) a cognitive dimension, reflected in
the understanding and application of biological concepts; (2) a procedural-practical dimension, reflected
in the ability to conduct laboratory, observational, experimental, and applied tasks; (3) a research and
problem-solving dimension, reflected in the ability to formulate questions, interpret evidence, solve bio-
logical problems, and make justified decisions; and (4) a professional-reflective dimension, reflected in the
ability to transfer biological knowledge and practical experience to pedagogical situations and evaluate
one’s own performance. This multidimensional understanding guided the adaptation of the instructional
approach and the assessment of practical competence in the Kazakhstani pedagogical experiment.

Within teacher education, practical competence is closely associated with the ability to design
learning activities, conduct experiments, interpret data and facilitate inquiry-based learning (Darling-Ham-
mond, 2017). Scholars argue that the development of such competence requires systematic engagement
with real or simulated professional tasks rather than passive absorption of theoretical content (Grossman
et al., 2009). In biology education, this requirement is particularly pronounced due to the empirical and
experimental nature of the discipline.

Research in biology education consistently emphasizes the central role of laboratory work and
field-based instruction as essential components of effective learning. In their comprehensive review, Hof-
stein and Lunetta (2004), drawing on empirical studies conducted in the United States, Israel and several
European countries, demonstrated that laboratory-centered instruction contributes to deeper conceptual
understanding, enhanced analytical thinking and the development of scientific reasoning, provided that
laboratory activities are aligned with clear learning objectives and coherent assessment practices. The
authors highlight that studies employing inquiry-oriented laboratory designs reported stronger student
engagement in data analysis and interpretation compared to traditional demonstration-based formats.

Empirical evidence is further provided by Domin (2007), who conducted a comparative study at
Tennessee State University (USA) involving 17 first-year undergraduate students enrolled in science-
related programs. The study contrasted traditional “cookbook” laboratory exercises with problem-based
laboratory formats across two consecutive semesters. Survey data and semi-structured interviews re-
vealed that 7 out of 17 students perceived problem-based laboratories as more effective for conceptual
understanding and higher-order cognitive skill development, while an additional 7 students reported com-
parable effectiveness between the two instructional approaches. Despite the limited sample size, the find-
ings indicate the potential of inquiry- and problem-based laboratory instruction to support the development
of practical and analytical competencies.

Field-based learning plays a complementary role, particularly in zoology and ecology. Studies by
Dillon et al. (2006), conducted by researchers from the United Kingdom in the field of science and envi-
ronmental education, and Ballantyne and Packer (2009), representing Australian universities and special-
izing in environmental and outdoor education research, demonstrate that direct interaction with natural
environments promotes observational accuracy, ecological literacy and affective engagement with biolog-
ical content. These experiences support the development of professional competencies relevant to future
biology teachers, including environmental awareness and the ability to contextualize theoretical concepts.

Project-based and inquiry-based learning models further strengthen practice-based education by
positioning students as active researchers (Hmelo-Silver et al., 2007). In biology teacher education, such
approaches have been linked to increased learner autonomy, collaborative skills and sustained motiva-
tion (Krajcik and Blumenfeld, 2006). However, empirical studies also indicate that these methods require
careful instructional scaffolding and assessment alignment to achieve their intended outcomes.

The rapid digital transformation of education has significantly influenced biology teaching and
learning. Virtual laboratories, educational simulations and AR/VR technologies provide alternative means
for engaging with complex biological phenomena that may be inaccessible due to safety, cost or ethical
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constraints (Makransky and Petersen, 2019). Research indicates that well-designed virtual labs can ef-
fectively support conceptual understanding and procedural knowledge, particularly when combined with
reflective and inquiry-based tasks (de Jong et al., 2013).

Educational animations and 3D-visualizations have also been shown to enhance spatial under-
standing and comprehension of dynamic biological processes (Mayer, 2020). In teaching education, digi-
tal tools contribute not only to subject learning but also to the development of digital pedagogical compe-
tence, which is increasingly recognized as a core professional requirement (Redecker, 2017).

Despite these advantages, several studies caution against the uncritical adoption of technology.
Merchant et al. (2014) and Radianti et al. (2020) emphasize that technological effectiveness depends on
pedagogical integration, instructional design and alignment with learning objectives. Digital tools that are
used as substitutes for traditional lectures without active engagement may have limited impact on com-
petence development.

A recurring issue identified in the literature concerns the assessment of practical competence.
While laboratory and field activities are widely implemented, their evaluation often remains fragmented or
informal (Bennett et al., 2017). Traditional assessment methods tend to focus on theoretical knowledge
rather than practical performance, reflection, or skill integration.

Research in science education underscores the importance of formative and performance-based as-
sessment strategies, including observation protocols, rubrics, portfolios and reflective tasks (Black and Wil-
iam, 2009). However, studies reveal that many teacher education programs lack coherent assessment frame-
works that systematically measure practical competence development over time. This gap limits the ability to
evaluate the effectiveness of practice-based learning models and to provide targeted feedback to learners.

Although extensive research supports the value of laboratory work, field learning, project- and
research-based instruction and digital technologies in biology education, several gaps remain. First,
many studies examine these instructional methods separately rather than as components of an inte-
grated practice-oriented approach combining practical activity, research, collaboration, digital resources
and reflective assessment. Second, empirical evidence concerning the selective transfer and adaptation
of pedagogical practices across different national education systems remains limited.

Furthermore, limited research has examined how internationally informed practice-oriented ap-
proaches can be systematically adapted and experimentally evaluated in biology teacher education and
subsequently translated into professional development for practicing educators. This gap is particularly
relevant to Central Asian educational settings, where empirical research on practice-oriented biology
teacher preparation and cross-national methodological adaptation remains limited.

In response to these gaps, the present study builds on previous research conducted within the
broader project and examines the experimental implementation of selected practice-oriented pedagogi-
cal approaches adapted for biology teacher education in Kazakhstan. The study follows a sequential
logic in which exploratory evidence obtained during the Turkish research stage informed the selection of
instructional approaches, the adapted methodology was subsequently evaluated through a pedagogical
experiment in Kazakhstan and the resulting lesson plans and didactic materials were incorporated into
a professional development course for further evaluation by school and university teachers. This design
allows the study to examine not only the effectiveness of the adapted approach for developing students’
practical competence but also its applicability to biology teaching practice.

Materials and methods

This study employed a mixed research design, combining theoretical analysis and a pedagogical
experiment, in order to examine the effectiveness of practice-based approaches in the development of
practical competencies among future biology teachers. More specifically, a sequential mixed-methods
design was used, combining an exploratory stage, a controlled pedagogical experiment and a subsequent
qualitative professional evaluation. The research was conducted in three consecutive stages: (1) research
activities at Hacettepe University (Turkey); (2) a semester-long pedagogical experiment at Abai Kazakh
National Pedagogical University (Kazakhstan); and (3) evaluation of the developed instructional materials
through a professional development course.

The first stage was conducted during a one-month research internship at Hacettepe University
(Turkey) in May-June 2025. It included: (1) analysis of scientific and methodological literature available
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through Web of Science, Scopus and the Hacettepe University Library; (2) a structured questionnaire sur-
vey of 25 undergraduate students (biological faculty); (3) student interviews; (4) non-participant classroom
observations; and (5) examination of laboratory-, research- and field-oriented teaching practices.

As part of this stage, a survey-based assessment was conducted among 25 second- and third-
year undergraduate students enrolled in full-time biology-related programs within the Department of Sci-
ence Education at Hacettepe University. The participants had a mean age of approximately 20 years.
Data were collected using a structured questionnaire designed to examine students’ perceptions of the
teaching methods and practical approaches used by their instructors, including their perceived effective-
ness, accessibility, and usefulness for learning. The findings provided a student-centered perspective for
selecting approaches for subsequent adaptation and testing among Kazakhstani university students of a
comparable age group. The questionnaire included items addressing the following aspects:

« contexts of biological knowledge acquisition (school, university, extracurricular activities);

* instructional methods used in biology education (laboratory work, experimental research, field activi-
ties, visual and animated materials, theoretical instruction);

+ perceived impact of biology courses on professional skill development;

+ the role of the teacher in organizing and supporting practical learning;

+ use of digital and innovative technologies (virtual laboratories, animations, mobile applications, AR/VR);

+ assessment methods applied in practical classes;

+ effectiveness of learning animal-related topics and applicability of acquired knowledge;

+ opportunities for studying animal behavior;

* organizational challenges in practical biology education;

+ students’ perceptions of the most effective methods for enhancing practical competence.

The questionnaire items were aligned with the objectives of the study and informed by previous
empirical research in science education. Responses were recorded mainly in categorical and multiple-
choice formats and subsequently analyzed using descriptive statistics.

Student interviews provided additional information about students’ learning experiences, the relation-
ship between theoretical and practical instruction, and their perceptions of the teaching approaches used
during their studies. Non-participant classroom observations were conducted through attendance at biology-
related classes taught by university professors. The observations were used to examine how teaching and
practical activities were organized and how different instructional approaches were implemented during actu-
al university classes. In addition, familiarization with the available laboratory, research, and field-based teach-
ing resources provided further information on the organization of practical biology education at the university.

The evidence obtained from the literature analysis, student questionnaire and interviews, class-
room observations, and examination of teaching practices was considered collectively when selecting
instructional elements for adaptation and subsequent experimental implementation in Kazakhstan.

The pedagogical experiment was conducted in Kazakhstan with 77 students majoring in biology
education at Abai Kazakh National Pedagogical University. The participants were divided into an experi-
mental group (n = 42) and a control group (n = 35):

+ the experimental group (EG) (n = 42), which was taught using adapted practice-oriented teaching
methods and instructional materials developed during the preceding stages of the research, including
laboratory work, digital tools and applied tasks;

+ the control group (CG) (n = 35), which continued learning according to the traditional curriculum with-
out the additional pedagogical intervention.

The experimental instruction was implemented over the course of one academic semester within
regular university classes. Group allocation was based on existing academic group structures to ensure
natural learning conditions. The experimental instruction focused on:

* laboratory-based and experimental learning activities;

* applied tasks related to animal biology;

* integration of digital tools, including visual materials and virtual laboratories;

+ development of practical skills, research abilities and professional preparedness.
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Academic performance and practical competence development were evaluated through compara-
tive analysis of learning outcomes between the experimental and control groups.

Following the pedagogical experiment, the developed lesson plans and didactic materials were
incorporated into the professional development course entitled “Development of Pedagogical Competen-
cies of Biology Teachers”, which was officially approved for implementation in Kazakhstan. The course
was designed to support the practical application of the developed methodology and to obtain profes-
sional feedback on its relevance and applicability in biology teaching.

The professional development course involved 25 participants, primarily experienced school and
university teachers from different regions of Kazakhstan, with a small number of future biology teachers.
The training program comprised 80 academic hours, including 40 hours of online instruction and 40 hours
of independent learner-centered study. The online sessions were delivered via the Zoom platform. All 25
participants completed the course.

The training course consisted of a series of lectures, master classes and interactive sessions in-
tegrating theoretical and practical components. The theoretical modules addressed the following topics:

« theoretical and methodological foundations of practical competence formation;
+ methodology for organizing practice-oriented learning in biology education;
+ educational technologies aimed at developing practical competencies;

+ assessment of practical competence and methodological experience (variable module).

The practical component of the course included virtual laboratory activities, animated and visual
materials for studying animal biology, and project-based collaborative tasks focused on solving authentic
pedagogical and professional problems. The developed lesson plans and didactic materials were incor-
porated into these activities to allow participants to examine their potential application in biology teaching
practice. The instructional sessions concluded with guided reflective discussions aimed at supporting
pedagogical reflection and the practical application of the course materials. The course also included ele-
ments aimed at developing communicative skills, self-reflection and environmental competence.

Qualitative data were collected through semi-structured interviews and reflective feedback ses-
sions conducted online. Expert evaluation focused on:

+ changes in practical competence;

+ effectiveness of teaching animal-related topics;

* clarity and applicability of adapted instructional methods;

* relevance of digital and virtual laboratory tools in biology education.

All participants were fully informed about the objectives and procedures of the study prior to data
collection. Participation was voluntary and written informed consent was obtained from all respondents.
Anonymity was strictly maintained throughout the research process. All collected data were processed
and stored in aggregated form, without the use of personal identifiers, ensuring compliance with ethical
standards for educational research.

Results

Results of the Turkish Research Stage. The data obtained from the survey conducted among 25
undergraduate biology students in Turkey were analyzed using descriptive statistical methods, including
frequency counts and percentage distributions. This analysis was used to identify patterns in students’
experiences of biology instruction and their perceptions of practice-oriented learning and practical com-
petence development.

Analysis of responses to the question “Where and how did you learn biology?” demonstrated that
the majority of respondents (72%) continued acquiring biological knowledge primarily at the university
level, while 28% identified school education as their main source of knowledge. None of the respondents
reported participation in extracurricular academic activities such as additional courses, conferences or
competitions, highlighting the central role of formal higher education in professional competence develop-
ment. This finding indicates that the university represented the principal educational environment for the
continued development of biological knowledge among the surveyed students.

With regard to instructional methods used in biology education, the data revealed a strong em-
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phasis on practice-oriented approaches. Laboratory practices were reported by 80% of respondents,
experimental laboratory work by 68%, and the use of visual and animated learning materials by 76%. At
the same time, 28% of students indicated that instruction was often limited to theoretical explanations
and 12% reported reliance exclusively on textbooks. Overall, these findings demonstrate that laboratory,
experimental and visual forms of instruction were strongly represented in the students’ university learning
experience alongside theoretical teaching.

The perceived impact of biology courses on professional skill development varied among respond-
ents. While 44% reported a strong positive influence and 40% indicated a moderate effect, 16% stated that
biology education had no noticeable impact on their professional skills. Thus, 84% of respondents perceived
biology education as contributing to their professional skill development to a strong or moderate degree.

Analysis of the teacher’s role showed that 48% of students experienced active pedagogical guid-
ance and support, whereas 40% reported sufficient but unsystematic assistance. A smaller proportion
(12%) indicated predominantly independent learning. No respondents reported a complete absence of
instructional support.

The use of digital and innovative technologies was also examined. Video lectures and AR/VR
technologies were reported by 60% of respondents, educational animation programs by 44% and mo-
bile applications by 24%. Virtual laboratories were used by only 16% of students. The findings therefore
demonstrate the presence of diverse digital and visualization tools in biology instruction, although the
frequency of their use differed across technologies.

Assessment practices following practical classes were characterized by fragmentation. Observa-
tion-based assessment was reported by 40% of respondents, competency-based criteria by 20% and
self- and peer-assessment by 8%. Notably, 20% of students indicated that no formal assessment was
conducted. The results show that practical learning was accompanied by different forms of assessment,
with observation-based assessment being the most frequently reported approach.

Regarding the study of animal-related topics, only slightly more than half of respondents reported
effective knowledge acquisition. Laboratory-based learning (20%) and experimental research (16%) were
identified as the most effective learning modes. The practical applicability of acquired knowledge was most
frequently evaluated as moderate (52%), while 20% of respondents rated it as low. These findings further
indicate the relevance of practical and experimental activities for learning animal-related biological content.

Overall, the Turkish survey demonstrated a substantial practice-oriented component in the biology
education experienced by the participating students. Laboratory work, experimental activities, visual and
digital resources, and teacher guidance were consistently represented in their responses, while 84%
perceived biology education as making a strong or moderate contribution to their professional skill devel-
opment. Together with the interviews, classroom observations and examination of laboratory-, research-
and field-oriented teaching practices, these findings provided empirical support for selecting instructional
elements for subsequent adaptation to biology teacher education in Kazakhstan.

The survey results provided an overall indication of practical competence development among
biology students in Turkey. The distribution of practical competence levels based on students’ self-assess-
ment is summarized in Table 1.

Table 1. Results of practical competence indicators among biology students in Turkey (n = 25)

Level of practical competence Number of students Percentage (%)
High " 44.0
Average 10 40.0
Low 4 16.0

The results demonstrate that at the initial stage of the study, the majority of Turkish students showed
moderate and high levels of practical competence, primarily associated with laboratory practices, experi-
mental work and the use of visual and digital materials. However, 16% of students showed a low level of
practical competence, indicating differences in practical competence development among the respondents.

Further analysis of instructional methods revealed that 80% of respondents participated in labora-
tory practices and 76% used visual or animated materials, whereas 28% reported that instruction also in-
cluded predominantly theoretical explanations. These findings demonstrate the strong presence of prac-
tice-oriented methods alongside theoretical instruction in the biology education of the surveyed students.
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Results of the Pedagogical Experiment in Kazakhstan. The findings of the preceding stages and
our previous comparative study indicated that practice-oriented, research-based and digital approaches
were more strongly represented in the learning experiences examined at Hacettepe University, whereas
the earlier Kazakhstani data showed a greater reliance on theoretical instruction. The previous study also
proposed an adapted methodological framework combining inquiry-based learning, laboratory and digital
activities, collaborative tasks and reflective assessment. These findings informed the instructional meth-
ods and materials subsequently tested in the present pedagogical experiment.

More specifically, five elements of the Turkish practice-oriented approach were adapted for the
pedagogical experiment in Kazakhstan. Project-based learning was transformed into small-group research
tasks in which students investigated selected topics related to animal diversity. The use of digital zoological
tools was adapted through virtual laboratory activities, AR/VR resources and 3D-animal models for observ-
ing anatomical structures and biological adaptations. Field-oriented learning was modified into locally fea-
sible biodiversity observation tasks, allowing students to collect and analyze biological information without
requiring extended field practice. The student-centered approach was implemented by assigning students
the roles of researchers and presenters who analyzed observations, interpreted results and discussed
their findings in groups. Finally, reflection-based assessment was incorporated through self-evaluation and
structured feedback alongside conventional assessment. These adapted components were integrated into
regular biology instruction to develop practical, research, digital and communicative competencies.

To assess the effectiveness of the adapted practice-oriented instructional approach, the outcomes
of the experimental group (EG, n = 42) and the control group (CG, n = 35) were compared. Changes in
the overall practical competence indicator in both groups are presented in Table 2.

Table 2. Dynamics of practical competence in the experimental and control groups

Group Pre-experimental stage (%) Post-experimental stage (%) Change (percentage points)
Experimental group 46.2 89.5 +43.3
Control group 33.6 47.6 +14.0

At the pre-experimental stage, the practical competence indicator was 46.2% in the experimental
group and 33.6% in the control group. At the post-experimental stage, the indicator increased to 89.5% in
the experimental group and to 47.6% in the control group. Thus, the experimental group demonstrated an
increase of 43.3 percentage points, compared with an increase of 14.0 percentage points in the control
group. The increase observed in the experimental group was therefore more than three times greater than
that recorded in the control group. This pattern suggests that systematic integration of practical tasks,
research-oriented activities, digital resources and collaborative learning provided students with substan-
tially more opportunities to apply biological knowledge in practice.

An independent samples t-test confirmed a statistically significant difference in practical compe-
tence between the experimental and control groups at the post-experimental stage (t=5.41, p <.01). The
corresponding effect size (Cohen’s d = 1.24) indicated a large effect in favor of the experimental group,
supporting the practical significance of the observed difference..

Changes in academic performance in pedagogical disciplines among undergraduate students were
also analyzed. The distribution of academic achievement levels at the pre- and post-experimental stages
is presented in Table 3.

Table 3. Dynamics of academic performance in experimental and control groups

Academic achievement level EG- pgggeg;z;:i)mental EG- pgts;;xgzr)imental CG- pgts;;xg)zgimental
High (90-100 points) 19.0 334 20.0
Average (70-89 points) 54.8 47.6 54.3
Low (below 69 points) 26.2 19.0 25.7

The results show that in the experimental group, the proportion of students with a high level of academ-
ic achievement increased from 19.0% to 33.3% (+14.3 percentage points), while the proportion of students
with low academic achievement decreased from 26.2% to 19.0%. At the post-experimental stage, 33.3% of
students in the experimental group demonstrated high academic achievement compared with 20.0% in the
control group, while low academic achievement was observed in 19.0% and 25.7% of students, respectively.
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An independent samples t-test confirmed a statistically significant difference in academic perfor-
mance between the experimental and control groups at the post-experimental stage (t = 4.18, p < .01).
The corresponding effect size (Cohen’s d = 0.96) indicated a large effect in favor of the experimental
group. These findings indicate that the practice-oriented instructional approach was associated not only
with greater development of practical competence but also with improved academic performance. Taken
together, the quantitative findings suggest that the combination of research-oriented tasks, practical activi-
ties, digital learning resources and collaborative forms of work was associated with stronger outcomes
than conventional instruction alone.

Results of the Professional Development Course. To complement the quantitative results, a quali-
tative evaluation was conducted during the third stage of the study. This stage involved 25 participants,
primarily experienced school and university teachers from different regions of Kazakhstan, with a small
number of future biology teachers, who completed the professional development course based on the
developed methodology and instructional materials.

Qualitative feedback was collected through semi-structured interviews and reflective discussions
focusing on the clarity, accessibility and pedagogical effectiveness of teaching animal-related topics using
virtual laboratories, animated materials and practice-oriented instructional tasks. Participants’ responses
indicated improved instructional clarity, stronger integration of theory and practice and the practical ap-
plicability of digital tools in biology teaching.

The feedback provided additional evidence of the educational relevance and practical applicability
of the developed methodology and instructional materials. Together with the quantitative findings of the
pedagogical experiment, these results provided a broader evaluation of the practice-oriented approach in
biology teacher education. All statistical analyses were conducted using Statistica 7.0 software.

Overall, the findings from the three stages of the study provide consistent evidence supporting
the adapted practice-oriented approach. The Turkish research stage identified practice-oriented instruc-
tional elements suitable for adaptation, while the pedagogical experiment in Kazakhstan demonstrated
significant improvements in practical competence and academic performance among students in the ex-
perimental group. The subsequent professional development course further confirmed the relevance and
practical applicability of the developed methodology and instructional materials. Taken together, these
findings provide a coherent empirical basis for evaluating the effectiveness and applicability of the adapt-
ed approach in biology teacher education.

Discussions

The findings from the Turkish stage of the study confirm that practice-oriented instructional methods,
particularly laboratory activities, experimental research and the use of visual and digital materials, play a
crucial role in the development of students’ practical competencies. Similar conclusions have been drawn in
international studies emphasizing that laboratory-based and inquiry-oriented biology education enhances
conceptual understanding, procedural knowledge and professional readiness (Hofstein and Lunetta, 2004;
Dillon et al., 2006). However, the presence of students who reported predominantly theoretical instruction
highlights a persistent gap between practice-oriented and theoretical components of biology education.

The results also indicate that digital technologies, including AR/VR tools and educational anima-
tions, are integrated into biology education, yet their application remains fragmented across different types
of digital resources. This observation aligns with the findings of Merchant et al. (2014) and Makransky
and Petersen (2019), who argue that digital tools contribute significantly to learning outcomes only when
embedded within a coherent pedagogical framework. The Turkish data therefore served not merely as a
descriptive baseline but as a methodological reference point for selecting and adapting practice-oriented
instructional approaches for Kazakhstan.

The pedagogical experiment conducted in Kazakhstan demonstrated that the adapted practice-ori-
ented instructional approach led to significant improvements in both practical competence and academic
performance among students in the experimental group. These results are consistent with research em-
phasizing that teacher education programs integrating experiential learning, reflective practice and digital
tools are more effective in fostering professional competencies (Darling-Hammond et al., 2017). The
large effect observed in practical competence development suggests that the adapted practice-oriented
approach was not only statistically effective but also educationally meaningful.
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An important contribution of the implemented professional development course lies in its methodo-
logical structure, which combined theoretical grounding, virtual laboratory work, project-based tasks and
reflective discussions. This integrated approach corresponds with the principles of practice-based learn-
ing and supports previous studies highlighting the role of reflection and contextualized practice in teacher
competence development (Loughran, 2013). Moreover, the inclusion of elements aimed at developing
communicative skills and self-reflection aligns with contemporary views on holistic teacher competence,
which extends beyond subject knowledge alone.

Despite these positive outcomes, several limitations should be acknowledged. The study was con-
ducted within a limited sample size and relied on a case-based design, which may restrict the generaliz-
ability of the findings. In addition, the semester-long duration of the pedagogical experiment did not allow
for assessing long-term effects on professional practice. Similar methodological constraints have been
noted in comparable studies on teacher professional development (Opfer and Pedder, 2011). Future re-
search should therefore adopt longitudinal designs and involve a broader range of institutions and regions
to strengthen external validity.

Overall, the discussion of results demonstrates that adapting selected Turkish practice-oriented
biology education approaches to the Kazakhstani context is both feasible and effective when aligned
with local educational conditions and pedagogical priorities. The study contributes to the growing body of
international research emphasizing the importance of cross-cultural transfer of educational innovations
grounded in methodological adaptation rather than direct replication.

Conclusions

In conclusion, the findings of this study demonstrate that selected practice-oriented pedagogical ap-
proaches identified during the research stage at Hacettepe University can be effectively adapted to biology
teacher education in Kazakhstan. The integration of laboratory and experimental activities applied animal-bi-
ology tasks, digital and virtual resources, collaborative learning and research-oriented instruction contributed
to significantly greater development of students’ practical competence and academic performance compared
with conventional instruction. The professional development stage further confirmed the relevance and prac-
tical applicability of the developed methodology and instructional materials for biology teaching.

Based on these findings, biology teacher education programs are recommended to strengthen the
systematic integration of laboratory and experimental work, research-oriented and collaborative tasks,
virtual laboratories, digital visualization and applied activities related to animal biology. The developed
instructional materials may also be incorporated into professional development programs for practicing
biology teachers to support the transfer of practice-oriented methods into classroom teaching.

Further implementation of the adapted approach in different universities and regions of Kazakhstan
is recommended to evaluate its effectiveness across broader educational settings. Future research should
involve larger samples and longer intervention periods to examine the sustainability of practical competence
development and the long-term effects of the proposed methodology on teachers’ professional practice.
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Abstract: This study aims to identify the types of students’ mathematical representation errors using Newman’s error
classification and to analyze their relationships with the stages of cognitive development in the Action, Process, Object, and
Schema theory. The study employed a qualitative descriptive approach involving 42 tenth-grade students from a senior high
school. Data were collected through a mathematical representation ability test and in-depth interviews, and were analyzed
qualitatively by mapping the types of errors and students’ cognitive development stages. The results indicate that students’
mathematical representation ability remains low, with symbolic representation the most challenging aspect across all abil-
ity levels. Comprehension and transformation errors were dominant among low-ability students, most of whom were at the
Action stage. Moderate-ability students showed an emerging uneven pattern of cognitive attainment, with Schema-level
attainment in the visual representation and, to a limited extent, in the verbal representation, whereas no Schema attainment
was observed in the symbolic representation. Meanwhile, high-ability students demonstrated Schema-level attainment in the
visual and verbal representations, whereas their symbolic performance remained at the Object stage because of persistent
process-skill difficulties. These findings indicate that cognitive development is specific to the type of representation and
does not occur uniformly across representations. This pattern of uneven cognitive attainment across representational forms
is conceptualized in this study as asymmetrical representational development. The implications of this study suggest that
the teaching of quadratic functions should emphasize coordination among visual, symbolic, and contextual representations
through multi-representation approaches and gradual scaffolding to consistently support students’ conceptual understanding.

Keywords: mathematical representation, quadratic function, APOS, Newman error analysis, cognitive stages, asymmetrical
representational development.

Introduction

Mathematical representation ability constitutes a fundamental foundation in the construction of
mathematical knowledge, as it enables students to coordinate symbolic expressions, visual structures,
and contextual interpretations within a coherent conceptual system. From a cognitive perspective, mathe-
matical processes invariably involve transformations across representations (Mainali, 2021). The involve-
ment of multiple representational transformations suggests that conceptual understanding is constructed
not only through procedural mastery but also through the ability to transform and integrate multiple sys-
tems of representation flexibly. The ability to transition from intuitive or visual representations to formal,
analytical reasoning is an essential component in developing a more structured mathematical under-
standing (Santos-Trigo, 2024).

One mathematical topic that requires flexibility in representational ability is quadratic functions. A
comprehensive understanding of quadratic functions requires the ability to transform symbolic expres-
sions into graphical and other forms of representation (Tiew, Hoon, Singh, Walida, and Faradiba, 2023).

However, transforming between representations in the context of quadratic functions imposes a high
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cognitive load. Various studies indicate that students’ difficulties do not always originate solely from proce-
dural errors, but are related to obstacles in constructing and interpreting representations, particularly graphi-
cal representations derived from the symbolic form of quadratic functions (Luthfiani et al., 2025; Rahmawati
et al., 2025; Wilkie, 2024).

Several previous studies have focused on identifying the types and frequencies of students’ errors
in solving quadratic function problems by employing error classifications such as Newman Error Analysis
or categories of procedural and conceptual errors (Pramesti, Shoffa, and Soemantri, 2024; Rahman and
Foad, 2021).

The Newman framework is primarily descriptive in identifying the location of errors and does not
fully explain the cognitive and metacognitive mechanisms underlying them. In fact, transitions between
representations require processes of exploration, meaning-making, and regulation of thinking that do not
occur automatically (Faradiba, Sa'dijah, Parta, and Rahardjo, 2019; Fathonah, Cahyono, Haryani, Sarwi,
and Lestari, 2024). These considerations suggest that error analysis alone is insufficient to understand
students’ thinking dynamics comprehensively.

APQS theory (Action, Process, Object, Schema), originally developed by Dubinsky, provides a cog-
nitive framework for understanding how mathematical concepts are gradually constructed within students’
mental structures. The action stage represents procedural activities that remain mechanical in nature; the
process stage indicates the internalization of actions into mental operations; the object stage marks the
ability to treat a process as a conceptual entity; and the schema stage reflects the organized integration
of various conceptual objects within a more complex system of thought. APOS theory views mathematics
learning as a process that proceeds through mechanisms of interiorization, coordination, and encapsula-
tion until an organized conceptual schema is formed (Bintoro, Sukestiyarno, Mulyono, and Walid, 2021;
Selden and Vidakovic, 2022; Sopamena, Kaliky, Sehuwaky, Kasliyanto, and Juhaevah, 2021).

Although APOS theory has been widely used to analyze students’ mathematical understanding,
most of these studies focus on characterizing conceptual structures and levels of understanding (Sefik,
Uzun, and Dost, 2021). Empirical exploration of how representational errors develop as students transi-
tion from the action stage to the schema stage remains relatively limited, particularly in the context of
quadratic functions. The integration of Newman'’s classification and APOS theory has the potential to
provide a deeper understanding of students’ representational errors. Through this integration, errors are
no longer viewed merely as procedural mistakes, but as indicators of obstacles in understanding relation-
ships among concepts and in coordinating different forms of representation.

Based on this framework, this study aims to identify the types of students’ mathematical repre-
sentation errors in quadratic function material using Newman'’s classification and to analyze how these
errors relate to the stages of cognitive development in APOS theory. By linking students’ error analysis
with a cognitive development framework, this study seeks to explain how and why representational errors
emerge and develop. Furthermore, the findings of this study are expected to assist teachers in designing
learning activities that are more aligned with students’ ways of thinking and their cognitive needs.

Materials and methods

This study employed a qualitative descriptive approach to analyze why students make errors in
completing a mathematical representation ability test using the APOS theoretical framework. The ap-
proach was selected to provide an in-depth understanding of students’ cognitive processes, particularly in
revealing the stages of thinking that lead to errors based on the framework of Action, Process, Object, and
Schema (APOS). Thus, this study aims not only to identify the types of errors students make but also to
understand how their mental structures are formed when solving mathematical representation problems.

This study involved 42 tenth-grade students from one senior high school in the city of Pekanbaru as
the research subjects. The school is a public educational institution that implements the Merdeka Curricu-
lum and has taught quadratic functions. The criteria for students who became research subjects were that
they had studied quadratic functions. The students participated voluntarily and provided written consent.

The implementation of this study was carried out through several main stages. The first stage was
the preparation of research instruments, namely the development of mathematical representation ability
test items that included three types of representation ability indicators, namely visual, symbolic, and ver-
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bal. These items then underwent an expert validation process to ensure the suitability of the content with
the representation ability indicators being measured. After the validation process, the items were revised
according to the suggestions from the validators, followed by a pilot test with a group of students outside
the research sample to examine validity and reliability.

The second stage was administering the test to the research subjects. The test was given to 42
tenth-grade students at one senior high school in the city of Pekanbaru. Students were asked to solve
the three representation problems independently within the allotted time. All student responses were col-
lected for further analysis.

The third stage was scoring and grouping students by ability level. Each student’s response was
assessed against the preprepared scoring criteria. The obtained scores were then used to classify stu-
dents into high, moderate, or low ability categories, using the mean and standard deviation as reference
points. The criteria for grouping students’ abilities are shown in the following table.

Table 1. Criteria for grouping students’ ability

Score Category
score <3 Low

3 <score <21 Moderate
score > 21 High

The fourth stage was the analysis of students’ errors. Students’ responses, which had been grouped,
were analyzed to identify error types using the Newman error categories. The types of Newman errors
used in this study included comprehension error, transformation error, process skill error, and encoding
error. The description of error types and their indicators was carried out by modifying the criteria proposed
by Siregar and Solfitri (2019) and adapting them to responses from the mathematical representation abil-
ity test on the quadratic function material.

Table 2. Criteria for types of student errors using Newman theory

No Type of Error Indicators

Leaving the answer blank

1 Comprehension  Unable to identify the information required to answer the question
Copying the question without continuing the solution
Using an incorrect method in solve the problem

Not transforming the information obtained in the problem into a form of representation that can
2 Transformation  solve the problem.

Attempting to transform the information into a representation form, but errors occur in the
representation provided

Making calculation errors
3 Process Skill Providing a problem-solving procedure but not completing it
Providing a complete problem-solving procedure, but errors occur in the concept used
Errors occur in writing mathematical symbols or notation
4 Encoding Not writing the final answer
Errors occur in writing the final answer

For verbal responses classified as encoding errors, interview data were used to further examine
the source of the error. In cases where students obtained a mathematically correct result but were unable
to express its meaning in the context of the problem, the underlying difficulty was interpreted as involving
semantic translation or contextual mapping rather than notational production.

The fifth stage was the analysis of the APOS stages. At this stage, students’ responses were
also analyzed according to the Action, Process, Object, and Schema stages to determine which thinking
stages had or had not been formed in each ability group. In this study, the criteria for grouping students’
thinking stages based on APOS theory were developed by modifying those proposed by Yarman, Dwina,
Murni, Yerizon, and Hevardani (2024) and adapting them to the quadratic function test instrument.
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Table 3. Criteria for students’ thinking stages based on APOS theory

No  APOS stage Indicators

Reading the given problem

Identifying the information given in the problem and what is being asked
Performing calculation operations in the steps of solving the problem
Determining relevant coordinate points from the given quadratic function graph

1 Action

Determining the characteristics of a quadratic function
Determining the vertex of a quadratic function using the formula
2 Process Determining the y-intercept
Determining the coordinate points passed by the quadratic function graph using substitution
Drawing the quadratic function graph correctly based on the coordinate points given in the problem

Drawing the graph accurately by considering the characteristics of the quadratic function graph
Determining the value of coefficient b using the equation of the axis of symmetry

Formulating the quadratic function equation

Determining the maximum point of the quadratic function

3 Object

Using the results of calculations (such as the vertex, roots, and graph) to understand the context of
the problem given in the question

4 Schema Recognizing number patterns in the values of the quadratic function for various inputs

Relating the maximum or minimum value of a quadratic function to practical applications in economic
problems

The sixth stage was conducting interviews. To support the validity of the analysis results, unstruc-
tured interviews were conducted with students from each ability category: high, moderate, and low. The
interviews aimed to explore more deeply the students’ thinking processes when solving the problems,
which were among the causes of the errors.

The final stage was data analysis and interpretation. Data from the tests and interviews were
analyzed qualitatively to obtain a comprehensive description of the causes of students’ errors in solving
mathematical representation problems and their relationship with the stages of thinking in APOS theory.

Research data were collected through test and non-test techniques. The test technique involved
administering a mathematical representation ability test. The mathematical representation ability test used
included three indicators: visual, symbolic, and verbal. The non-test technique was conducted through
interviews. The instrument used was an unstructured interview guide. The interview aimed to explore in
greater depth the stages of students’ thinking in solving representation problems, as well as to determine
the reasons for these errors.

Data analysis was conducted in several stages. First, all student test responses were analyzed to
identify errors based on the Newman categories. Data on the number of students who made each type of
error were recorded and compared across ability categories.

Second, based on APOS theory, student responses were mapped to determine the stages achieved,
starting with the action, process, and object stages, and progressing to the schema stage. These data
were then compiled to observe the patterns of APOS stage achievement in each ability group and for each
type of error.

Furthermore, interview data were analyzed to identify patterns of cognitive difficulties, misconcep-
tions, and representational obstacles experienced by students. The results of this analysis were then
triangulated with findings from the written tests to increase data credibility.

The validity of the data in this study refers to the trustworthiness criteria proposed by Lincoln and
Guba, including credibility, transferability, dependability, and confirmability (Korstjens and Moser, 2018;
Stahl and King, 2020). In this study, credibility was ensured through instrument validation by three math-
ematics education experts and method triangulation between written tests and interviews. Interviews
were also used for member checking to ensure that the researcher’s interpretation corresponded to the
students’ thinking. Transferability was addressed by providing descriptions of the school, student char-
acteristics, and test material. Dependability was ensured through systematic documentation of the entire
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research process, forming an audit trail. Confirmability was conducted through validation of the analysis
results by two mathematics teachers to ensure that the classification of strategies and errors was objec-
tive and consistent with classroom practice. The two teachers were not directly involved in the analysis,
allowing them to provide independent judgments regarding the objectivity of the findings.

Results

The test results show that the average score for students’ mathematical representation ability was
11.02 (26.89%), indicating that students’ representation ability was still in the low category overall. Of the
42 students who became research subjects, 6 were categorized as the low-ability group, 27 as the moder-
ate group, and 9 as the high-ability group.

Table 4. Distribution of Students’ Correct and Incorrect Answers

Category
Answer Ability Visual Symbolic Verbal
n % n % n %
Low 0 0 0 0 0 0
Correct Moderate " 40.74 0 0 1 3.70
High 1 11.11 0 0 5 55.56
Low 6 100 6 100 6 100
Incorrect Moderate 16 59.26 27 100 26 96.30
High 8 88.89 9 100 4 44.44

Based on Table 4, which presents the representation indicators (visual, symbolic, and verbal), the
symbolic indicator has the lowest success rate. This finding indicates that algebraic modeling and sym-
bolic manipulation are the main challenges in understanding quadratic functions.

The analysis of errors based on Newman’s classification for each representation indicator reveals
distinct patterns for each representation type. The distribution is shown in Table 5 below.

Table 5. Distribution of students’ errors based on Newman classification

Category
Ability Error Type Visual Symbolic Verbal
n % n % n %
Comprehension 4 66.67 1 16.67 5 83.33
Transformation 1 16.67 5 83.33 1 16.67
Low Process Skil 1 16.67 0 0 0 0
Encoding 0 0 0 0
Comprehension 6 22.22 7 25.93 8 29.63
Moderate Transformation 4 14.81 10 37.04 12 4444
Process Skill 3 11.11 10 37.04 5 18.52
Encoding 3 11.11 0 0 1 3.70
Comprehension 0 0 0 0 0 0
High Transformation 4 44.44 0 0 0 0
Process Skill 3 33.33 9 100 1 1.1
Encoding 1 11.11 0 0 3 33.33

For the visual indicator, students were asked to draw the graph of a quadratic function based on
the provided verbal information. In this indicator, the difficulties of the low-ability group were dominated
by difficulties in understanding and identifying the information needed to draw the graph (comprehension
error). The moderate group showed a combination of comprehension and transformation errors, while the
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high-ability group experienced more transformation and process-skill errors in connecting verbal informa-
tion to graphical representations.

Next, in the symbolic indicator, students were asked to construct the quadratic function formula
based on information presented in the form of an image. This task required students to transform a visual
representation into a symbolic form while performing appropriate algebraic manipulations. In general, er-
rors in the symbolic indicator were concentrated at the transformation and process skill stages, although
the distribution varied across ability levels.

In the low-ability group, most errors occurred at the transformation stage. Students were unable
to convert the information contained in the image into an appropriate mathematical model. In the moder-
ate-ability group, errors were distributed across two main categories: transformation and process skills.
Students generally understood what needed to be done but experienced difficulties in constructing the
function model accurately and performing algebraic calculations consistently. In the high-ability group,
errors occurred more frequently at the process skill stage. Students generally succeeded in performing
representation transformations correctly, but still made mistakes in calculation processes or in applying
algebraic procedures. These errors indicate that at the high-ability level, obstacles no longer lie in under-
standing or transforming representations, but in the accuracy and consistency of symbolic manipulation.

In the verbal indicator, which tested students’ understanding of the meaning of the vertex of a
quadratic function in a real-world context, the low-ability group again showed dominance of comprehen-
sion errors, particularly in interpreting contextual information. Errors at the moderate-ability level mostly
occurred at the transformation and process skill stages. They often experienced difficulties in converting
problem information into mathematical form that could be solved and in applying problem-solving pro-
cedures correctly. Meanwhile, in the high-ability group, errors occurred more frequently at the encoding
stage. Interview evidence indicated that, in some cases, students produced numerically correct results
but were unable to express them in the contextual meaning required by the problem. These cases were
interpreted as difficulties in semantic translation or contextual mapping rather than notational production.

Mapping the errors to the APOS stages shows a relatively consistent pattern of cognitive develop-
ment. The distribution of errors by APOS stage for each indicator is shown in Tables 6, 7, and 8 below.

Table 6. Distribution of APOS stages in visual problems

Category

Ability Error type Action Process Object Schema
n % n % n % n %
Comprehension 4 66.67 0 0 0 0 0 0
Low Transformation 1 16.67 0 0 0 0 0 0
Process Skill 0 0 1 16.67 0 0 0 0
Comprehension 6 22.22 0 0 0 0 0 0
Transformation 3 11.11 1 3.70 0 0 0 0

Moderate

Process Skill 0 0 2 741 1 3.7 0 0
Encoding 0 0 0 0 3 11.11 0 0
Comprehension 0 0 0 0 0 0 0 0
. Transformation 2 22.22 2 2222 0 0 0 0
gt Process Skill 0 0 3 33.33 0 0 0 0
Encoding 0 0 0 0 1 11.11 0 0
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Table 7. Distribution of APOS stages in symbolic problems

Category
Ability Error type Action Process Object Schema
n % n % n % n %
Low Comprehension 1 16.67 0 0 0 0 0 0
Transformation 5 83.33 0 0 0 0 0 0
Comprehension 7 25.93 0 0 0 0 0 0
Moderate Transformation 10 37.04 0 0 0 0 0 0
Process Skill 0 0 5 18.52 5 18.52 0 0
High Process Skill 0 0 0 0 9 100 0 0
Table 8. Distribution of APOS stages in verbal problems
Category
Ability Error type Action Process Object Schema
n % n % n % n %
Low Comprehension 5 83.33 0 0 0 0 0 0
Transformation 1 16.67 0 0 0 0 0 0
Comprehension 8 29.63 0 0 0 0 0 0
Moderate Transformation 12 4444 0 0 0 0 0
Process Skill 0 0 2 7.41 3 1.1 0 0
Encoding 0 0 0 0 1 3.70 0 0
High Process Skill 0 0 1 1.1 0 0 0 0
Encoding 0 0 0 0 1 1.1 2 22.22

To make the asymmetry between representation types explicit, Table 9 synthesizes the highest
APQS stage attained by each ability group across the visual, symbolic, and verbal indicators, drawing on
both the error-level mapping in Tables 6-8 and the correct-response data in Table 4. In constructing this
synthesis, correct and complete responses were treated as evidence of Schema attainment, while erro-
neous responses were mapped to the highest APOS stage evidenced in the response; the full Newman
error distributions are reported in Table 5, while their APOS-stage mappings are presented in Tables 6-8.

Table 9. Cross-Representational Synthesis of APOS Attainment Across Ability Groups

Ability Visual Symbolic Verbal Interpretation
Low Action—-Process; no Action only; no Schema Action only; no Schema Cognitive construction remained
Schema attained (com- attained (transformation attained (comprehen-  predominantly confined to the Action
prehension dominant,  dominant, n=5, 83.33%; sion dominant, n=5, stage across representations, with
n=4, 66.67%; no correct no correct responses)  83.33%; no correct only limited progression to Process
responses) responses) in the visual representation and no
Schema attainment observed.
Moderate  Schema attained (n=11, Action—Object; no Schema attained (n=1,  Schema attainment emerged
40.74% correct); errors  Schema attained (high-  3.70% correct); errors  mainly in the visual representation
otherwise reached est error stage: Object, otherwise reached and, to a much more limited ex-
Object (n=4, 14.81%)  n=5, 18.52%; no correct Object (n=4, 14.81%) tent, in the verbal representation,
responses) whereas symbolic performance re-

mained below Schema, indicating
emerging representational asym-
metry and unstable coordination.

High Schema attained (n=1,  Object only; no Schema Schema attained (n=5, ~Symbolic representation
11.11% correct); errors ~ attained (all errors at ~ 55.56% correct); 2 remained the critical bottleneck.
otherwise reached Object, n=9, 100%; no  errors also occurred at ~ Schema-level integration was
Object (n=1, 11.11%)  correct responses) Schema (22.22%) achieved in visual and verbal

representations but not in sym-
bolic representation, providing the
clearest evidence of asymmetri-
cal representational development.
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In the low-ability group, students’ errors ranged from comprehension to process-skill errors, al-
though comprehension and transformation errors were the most prominent. As summarized in Table 9,
cognitive construction remained predominantly at the Action stage across the three representations, with
only limited progression to the Process stage in the visual task. Students tended to rely on mechanical
procedures without developing a sufficiently integrated understanding of the conceptual structure of quad-
ratic functions. At this level, therefore, representational development remained relatively similar across
visual, symbolic, and verbal tasks, with no evidence of Schema attainment.

A more differentiated pattern emerged in the moderate-ability group. Students’ errors became more
varied, ranging from comprehension to encoding errors, while erroneous responses spanned the Action
to Object stages. At the same time, correct and complete responses evidenced Schema-level attainment
in the visual representation and, to a much more limited extent, in the verbal representation, whereas no
Schema attainment was observed in the symbolic task (Table 9). This pattern provides evidence of an
emerging cross-representational asymmetry, as cognitive development did not progress uniformly across
the three representation types. Although students had begun to internalize procedures and recognize
relationships among solution steps, their coordination across representations remained unstable, with
symbolic representation showing comparatively weaker development.

This cross-representational asymmetry became most pronounced in the high-ability group. No
comprehension errors were identified, and Schema-level attainment was evident in both visual and verbal
representations (Table 9). In contrast, no Schema attainment was observed in the symbolic representa-
tion, where all erroneous responses were mapped to the Object stage. This contrast identifies symbolic
representation as the primary bottleneck in students’ representational development and provides the
clearest evidence of asymmetrical representational development. The presence of Schema-level attain-
ment in visual and verbal representations did not correspond to equivalent attainment in symbolic repre-
sentation, indicating that cognitive development was representation-specific rather than uniform across
representational forms. Moreover, two erroneous responses in the verbal representation were mapped
to the Schema stage (n=2, 22.22%; Table 8), indicating that Schema-level reasoning did not necessarily
eliminate difficulties in expressing or contextualizing the final mathematical result.

The interview analysis shows differences in the characteristics of difficulties across students’ ability
levels. Examples of interview results are shown in Table 10 below.

Table 10. Summary of examples of interview results

Ability Visual Symbolic Verbal

Low In this problem, there are no [ don’t really understand how | still don’t really understand
coordinate points. So | followed the to form a quadratic function word problems, so it's difficult
words in the question. When it says formula from a graph, so | guess for me to answer them.
move upward, | draw a line up- what the function might be.

ward. And when it says horizontal
distance, | draw a horizontal line.

Moderate [ answer the problem by plotting  Actually, | struggle with prob- I know that | should use the for-
the coordinate points given inthe  lems that have graph images, mulas to determine the maximum
question and then connecting them so to answer the question, | values of x and y, but | am not
with straight lines. immediately use the formula | sure whether the problem asks

remember. for the values of the variables

separately or as an ordered pair,
so | did not continue the solution.
| know that the maximum

value is 225000, but if | have

to explain its meaning in the
economic problem, I'm not very
sure because I'm not used to it.

High | tried to draw the coordinate
points given in the problem, but |
couldn’t figure out how to continue
the graph. | know the graph should
be symmetrical.

Based on the interview results, low-ability students experienced difficulties at the initial stage of
problem-solving. They showed confusion in understanding the information in the problem and in determin-
ing the initial steps, which led to not completing the problem or to guessing the answer. Moderate-ability
students showed progress in following the instructions in the problem and recognizing relevant formulas.
However, students in the moderate group still experienced confusion in selecting the appropriate formula
or in continuing the problem-solving procedure to obtain the answer. Meanwhile, high-ability students

| can obtain the function formula,
but | dont really understand the
pattern of the quadratic function
values. It seems irregular.
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did not experience difficulties in understanding the problem or using basic mathematical procedures.
However, they showed confusion in interpreting calculation results in real-world contexts, particularly in
distinguishing between mathematical and contextual meanings.

Discussions

The results of the study show that the average score for students’ representations was 26.89%,
indicating that students’ mathematical representation ability remains generally low. However, the impor-
tant finding of this study is not only the low average score, but also the presence of fairly clear differences
between students’ abilities in visual, symbolic, and verbal representations.

Based on Table 4, the symbolic indicator shows the lowest success rate across all ability groups,
and there is no single correct answer. In contrast, in the visual and verbal indicators, although the success
rate is still limited, the high-ability group shows relatively better performance. This pattern indicates that
students’ development of representation abilities is not evenly distributed across indicators.

The error analysis based on Newman’s classification (Table 5) shows that in the symbolic indicator,
errors are concentrated in the transformation and process skill categories at all ability levels. In the low-
ability group, 83.33% of symbolic errors occur at the transformation stage. In the moderate group, errors
are distributed between transformation and process skill. In the high-ability group, all symbolic errors oc-
cur at the process skill stage. This distribution indicates that the main obstacle in symbolic representation
is not merely in understanding the initial information, but in the ability to transform visual representations
into algebraic models, perform calculations and algebraic manipulation correctly, and determine the pat-
tern of function values obtained.

Mapping symbolic errors onto the APOS stages (Table 7) further clarifies the cognitive structure un-
derlying these difficulties. In the low-ability group, symbolic errors remained at the Action stage, indicating
that students relied primarily on procedural actions without sufficiently internalizing the underlying relation-
ships. In the moderate-ability group, erroneous responses extended from Action to Object, suggesting that
some students had begun to internalize procedures and conceptualize quadratic functions more structur-
ally, although this development remained inconsistent. In the high-ability group, all symbolic errors were
mapped to the Object stage. Thus, although these students demonstrated a more advanced conceptual
structure, they still experienced difficulties in carrying out symbolic processes accurately and consistently.

As synthesized in Table 9, this symbolic bottleneck becomes more apparent when APOS attainment
is compared across the three representation types and ability groups. Schema-level attainment emerged
in the visual and verbal representations among moderate- and high-ability students, whereas no Schema
attainment was observed in the symbolic representation at any ability level. Instead, symbolic develop-
ment remained within the Action-to-Object range, with Object representing the highest stage observed. This
cross-representational contrast provides evidence of asymmetrical representational development, indicat-
ing that cognitive advancement in quadratic functions does not occur uniformly across representation types.

These findings demonstrate that the development of students’ thinking in quadratic function mate-
rial is representation-specific. This representation-specific development confirms that students may reach
a higher stage in one form of representation, but this achievement is not necessarily stable in other forms
of representation. In visual and verbal problems, moderate- and high-ability students are already able to
understand the processes and concepts of quadratic functions quite well. However, students who have
reached the Schema stage in visual and verbal representations still experience difficulties in symbolic rep-
resentation. This pattern establishes that forming a stable Schema in quadratic function material requires
mastery across multiple forms of representation rather than mastery of only one type. These results sup-
port the view that the ability to connect different forms of representation is very important in building deep
mathematical understanding. Deep mathematical understanding cannot be constructed merely through
mastery of a single form of representation, but through the ability to coordinate and connect various
representations or models flexibly so that students can build a more comprehensive understanding and
apply it in various contexts (Erath, Ingram, Moschkovich, and Prediger, 2021; Ke, Sadler, Zangori, and
Friedrichsen, 2021; Kolar and Hodnik, 2021).

The interview results substantiate and extend this interpretation. In the symbolic indicator, a low-
ability student stated, “I don’t really understand how to make a quadratic function formula from a graph.
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So | just guessed what the function might be.” This statement exemplifies the Action-stage characteristic,
in which they are not yet able to perform the transformation from graphical representation to algebraic
form in a structured manner.

A moderate-ability student expressed, “Actually, | don'’t really like problems that involve graph im-
ages. So to answer the question, | use the formula that | remember.” This statement shows that the
student has remembered and used formulas but has not yet been able to connect visual information with
symbolic models meaningfully. This response indicates that the procedure has been internalized, but the
coordination between representations has not yet been strongly formed.

Meanwhile, a high-ability student stated, “I can obtain the function formula, but | don’t know what
the pattern of quadratic functions looks like.” This quotation underscores a critical gap, although a sym-
bolic model can be constructed, understanding of the structure of quadratic functions as a complete con-
ceptis not yet fully stable. In the verbal indicator, a high-ability student stated, “I know the maximum value
is 225000, but if | have to explain its meaning in an economic problem, | am not very sure.” The student’s
response was classified as an encoding error under Newman'’s framework because the final mathematical
result was not expressed in the contextual form required by the problem. However, the interview evidence
indicates that the underlying difficulty was not primarily notational; rather, it involved semantic translation
or contextual mapping from a numerical result to its real-world meaning. Thus, successful symbolic calcu-
lation did not automatically lead to successful contextual interpretation.

Theoretically, these findings demonstrate that students’ transition from the Action, Process, Object,
to Schema stages does not always occur smoothly. Such difficulties in the early stages can hinder the
development of a comprehensive understanding (Umam and Susandi, 2022). In addition, students’ ability
to understand and connect various forms of representation, such as graphs, symbols, and real contexts,
strongly determines the strength of the conceptual understanding they construct (Altindis and Fonger,
2025; Li, Shen, Jiao, and Cai, 2022). These findings confirm that the type of representation used in a
problem plays an important role in determining the stability of students’ cognitive development within the
APOS framework. Although APOS theory explains that understanding develops gradually from action
toward more comprehensive understanding, this study reveals that such development does not always
occur equally across all types of representation. These results extend previous research, which has gen-
erally examined APOS stages and mathematical representation abilities separately.

In this study, symbolic representation proved to be the most difficult part for students. Symbolic
representation requires students to understand concepts, transform information into algebraic form, and
perform calculations correctly. This combination of demands causes many students to experience greater
difficulty in symbolic representation compared to other representations. These difficulties extend beyond
the calculation stage, encompassing also students’ ability to interpret and relate symbolic results to the
problem’s context. These results corroborate previous studies showing that students tend to experience
difficulties when solving problems involving symbolic representations, both in translating them into verbal
or visual forms and when connecting symbols with the conceptual meanings they represent (Hariyani,
Suherman, Andriani, and Herawati, 2023; Nurrahmawati, Sa’dijah, Sudirman, and Muksar, 2021).

The encoding errors observed among high-ability students in verbal problems reveal that suc-
cessful calculation does not necessarily ensure successful contextual interpretation. Interview evidence
suggests that these errors were associated with difficulties in semantic translation or contextual mapping
rather than merely with the notation or production of the final answer. This finding underscores that even
when students can complete symbolic calculations, they may still struggle to explain the meaning of the
results in real-world situations. These results confirm that connecting calculation results with contextual
meaning requires additional abilities. The ability required is the ability to coordinate various forms of
representation comprehensively. This ability relates to efforts to maintain semantic congruence across
representations, which involves not only procedural manipulation but also coordination of meaning be-
tween symbolic and verbal representation systems (Ayala-Altamirano, Pinto, Molina, and Cafiadas, 2022;
Castro, Cafiadas, Molina, and Rodriguez-Domingo, 2022).

The main contribution of this study lies in emphasising that difficulties in symbolic representation
are not merely procedural problems, but are related to coordination between representations in the for-
mation of conceptual objects and schemas. This finding extends the application of APOS theory in the
context of multiple representations by showing that achieving certain cognitive stages does not neces-
sarily hold across all forms of representation. Students may demonstrate better understanding in one
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representation, but still experience difficulties in other forms of representation.

These findings imply that learning quadratic functions should be designed to strengthen coordina-
tion among representations from the early stages. Learning approaches based on multiple representa-
tions and gradual scaffolding are believed to help students move more stably from the Action stage toward
Schema. Several previous studies have found that learning interventions designed based on genetic
decomposition within the APOS framework and combined with a multi-representation approach have
been shown to facilitate coordination between representations and support the progression of students’
mental construction from the Action stage toward Schema more systematically and stably (Baye, Ayele,
and Wondimuneh, 2021; Borji, Martinez-Planell, and Trigueros, 2024; Siller, Nitzan-Tamar, and Kohen,
2023). This study extends previous findings by indicating that learning interventions need to consider that
students at the Object stage still require support to integrate various forms of representation coherently
until they reach the Schema stage.

This study is limited to one school context and uses a qualitative descriptive design, so the gen-
eralizability of the findings should be carefully considered. In addition, the analysis focuses on quadratic
function material and does not directly test the effectiveness of learning interventions. Future research is
recommended to develop experimental or quasi-experimental designs based on genetic decomposition
within the APOS framework to test the effectiveness of multi-representation learning strategies empiri-
cally. Further studies may also examine the consistency of the cognitive development patterns identified
in this study across different cultural and institutional contexts.

Conclusions

This study shows that difficulties in mathematical representation in the topic of quadratic functions
are not only related to low procedural ability but are mainly associated with weak coordination among
visual, symbolic, and verbal representations. Symbolic representation becomes the most challenging
aspect for all ability groups. However, the main finding of this study is not merely the low scores achieved
by students, but rather the different patterns of cognitive development across the forms of representation.

The integration of Newman’s error classification with APOS theory reveals that certain types of er-
rors are associated with students’ stages of cognitive development. Low-ability students tended to remain
predominantly at the Action stage, with comprehension and transformation errors being most prominent.
Moderate-ability students exhibited an emerging uneven pattern of cognitive attainment across representa-
tions, with Schema attainment evident in the visual representation and, to a much more limited extent, in the
verbal representation, whereas no Schema attainment was observed in the symbolic representation. This
uneven pattern became most pronounced among high-ability students, who demonstrated Schema-level
attainment in visual and verbal representations while symbolic performance remained at the Object stage.

These findings confirm that cognitive development in understanding quadratic functions is rep-
resentation-specific rather than uniform across representational forms. We conceptualize this uneven
pattern of APOS attainment as asymmetrical representational development, in which advancement to a
higher cognitive stage in one representation does not necessarily correspond to equivalent attainment
in another. Thus, this study extends the application of APOS theory in a multi-representation context by
demonstrating that the formation of conceptual schemas is closely associated with students’ ability to
coordinate across representation systems.
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Abstract: Introduction/Objective: Lexical development in early childhood is important for later literacy and academic
success. This experimental study investigated the effectiveness of the NTC (Nikola Tesla Center) learning system, a pedagogical
approach integrating movement, associative thinking, and play, on mother tongue vocabulary acquisition in preschool-age children.
Methodology: A pre-test/post-test control group design was employed with 40 children (aged 22-34 months; 20 boys and 20 girls),
equally divided into experimental and control groups. Participants completed a 20-item picture vocabulary test at three time points:
initial, middle, and final. During four weeks, the experimental group participated in 12 NTC-based workshops involving motor-
cognitive polygons, riddles, and associations, while the control group received standard curricular activities covering the same
concepts. Due to non-normal data distribution, non-parametric statistics were used. Results: Groups did not differ significantly at
initial testing (p > .05). Significant improvement over time was found for 19 of 20 target words in the experimental group (p <.05).
The experimental group also demonstrated significantly greater vocabulary gains than the control group (p < .05), particularly for
initially less familiar concepts, including iron, garlic, hyacinth, and nail. Progress was independent of age and gender, while dialectal
forms were frequently replaced with standard forms by final testing. Conclusion: The findings suggest that integrating movement,
associative thinking, and cognitive challenges may support vocabulary acquisition in early childhood. The greatest progress
on less familiar words indicates potential benefits for deeper semantic learning. NTC-based activities may therefore represent
a useful pedagogical approach for supporting lexical development and standard language competence in preschool children.

Keywords: early childhood, vocabulary development, lexical-semantic development, educational intervention.

Introduction

Mother tongue acquisition represents one of the most important developmental processes in early
childhood and is connected with the overall cognitive, emotional, and social development of the child. Lan-
guage development includes not only the acquisition of new words but also the development of meaning
comprehension, symbolic thinking, connecting concepts, attention, memory, and communication ability.
In the period of early and preschool age, the child’s brain shows a high degree of neuroplasticity, which
is why experiences from the environment have a significant impact on the formation of neural networks
responsible for speech, thinking, and learning (Kolb and Gibb, 2011).

Contemporary research in neuroscience indicates that language development is not an isolated
process but the result of a complex interaction of the brain’s sensorimotor, emotional, and cognitive func-
tions. Theories of “embodied cognition” emphasize that a child acquires the meanings of words and
concepts through movement, experience, and interaction with the environment, not exclusively through
verbal means (Barsalou, 2008; Glenberg and Gallese, 2012). Therefore, activities that include move-
ment, object manipulation, visual representations, and thought processes can significantly contribute to
‘Corresponding author: ranko.ntc@gmail.com
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language comprehension and vocabulary development.

Numerous studies (Pavlicevié-Frani¢, 2005; Jelaska, 2007; Aladrovi¢ Slovacek, 2019) confirm the
connection between motor development and the development of higher cognitive functions. Diamond
(2000) points out that motor activities are connected with the development of executive functions, atten-
tion, and learning abilities, while Piaget (1977) emphasizes that the development of thinking and language
in children is based on active interaction with the environment. Vygotsky (1978) further indicates the
importance of social interaction and play in the development of speech and thinking, believing that a child
develops higher mental functions through joint activities and problem-solving situations.

In contemporary education, problems related to reduced attention, weaker vocabulary develop-
ment, and difficulties in functional comprehension of read text among school-age children are increasingly
pointed out. Therefore, the need for innovative learning approaches that actively involve the child and
encourage thought processes instead of passive memorization of facts is growing.

The NTC Child Development Support System (abbreviated as NTC system) represents a peda-
gogical approach. The NTC system is based on activities designed to stimulate cognitive processes in-
volved in learning, through activities that integrate movement, associative thinking, symbolic connection,
problem-solving situations, and learning through play (Rajovi¢, 2013). Activities such as hidden words,
associations, illogical stories, puzzles, and motor-cognitive tasks have special importance in NTC as they
encourage the activation of cognitive processes involved in learning.

In the area of mother tongue acquisition, NTC methods can have special significance because the
child does not acquire new words through mechanical repetition but through connecting concepts, emotions,
movements, and experiences. Such an approach can contribute to better understanding of word meanings,
more efficient memorization, and greater functional use of language in everyday situations. The child’s ac-
tive participation in learning further increases motivation, attention, and interest in language activities.

Starting from these theoretical foundations, the main aim of this research is to examine the effects
of NTC methods on vocabulary acquisition and lexical development in preschool children.

Lexical and Semantic Development

Parallel to grammatical development, lexical development also occurs, i.e., the process of word
acquisition and the gradual construction of the child’s mental lexicon. This is the most dynamic process of
language development, which does not end when the child starts school but continues to develop almost
throughout life (HrZica et al., 2015). Lexical development begins with the first word to which the child gives
meaning and continues, with the child understanding many more words during the first year of life than
they can independently pronounce. By the age of two, the child’s vocabulary expands to approximately 50
to 200 expressions. During the second and third years of life, many children experience a rapid increase
in vocabulary known as lexical spurt, when the child almost daily includes new words in their active vo-
cabulary, often after just one encounter with them (Fenson et al., 1994). Vocabulary acquisition can be
observed through receptive vocabulary, i.e., words the child understands, expressive vocabulary, i.e.,
words the child actively uses, thematic and lexical categories, i.e., types of words, and strategies for learn-
ing new words, which refers to inferring meaning from context, imitation, explicit teaching, and the like.

A significant stimulus for vocabulary development is provided by everyday situations in which the
child actively participates — such as feeding, dressing, playing, and symbolic activities — as well as pur-
posefully designed language situations in the family and preschool environment. Precisely through such
interactions, the child connects words with concrete experiences, which contributes to deeper understand-
ing and more permanent acquisition of concepts. Research shows that parents and educators who use a
diverse and rich vocabulary, clearly name objects, describe actions and emotional states, and encourage
the child to express themselves verbally significantly accelerate the lexical development process (Hoff,
2006). During this process, various language errors are common and are considered an integral part of
natural language acquisition. Such errors, including overly broad or overly narrow use of words, indicate
the child’s attempt to actively apply new knowledge, which is a sign of cognitive processing and formation
of lexical categories. Thus, in lexical development, neologisms appear, i.e., new words the child uses to
cover their so-called “lexical gaps,” i.e., ignorance of certain words, so they invent them, with examples
from Croatian/Serbian child language that include strujaka¢ for utika¢ (plug), piSalica for olovka (pencil),
tepihac for otiraC (doormat), and the like (Pavlievi¢-Frani¢, 2005). From all these examples, it can be
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seen that the child understands word formation but lacks semantic knowledge, which they gradually ac-
quire. Also, the child hypergeneralizes in this process, calling all four-legged animals, for example, “dog,”
or hypospecifics by using limited word use in a familiar context. All these errors show that the child is ac-
tively building and testing their linguistic system and should be viewed as an integral part of the process of
natural language acquisition, not as developmental difficulties. Lexical development in preschool age has
long-term implications because it is strongly correlated with later literacy development, comprehension of
read content, and school achievement. Children who acquire a richer vocabulary in early childhood are as-
sociated with more advanced cognitive strategies, more pronounced verbal abilities, and a higher degree
of social competence (Tabors et al., 2001). Furthermore, vocabulary development is directly connected
with the reading process, and reading comprehension will greatly depend on vocabulary development
and knowledge of semantic categories. The results of standardized tests (PISA, 2018 and PIRLS, 2021)
show that reading competencies and skills are directly connected with vocabulary development because
reading diverse texts and exposure to different words in various functional styles yields better results, as
does motivation, which is built as early as the early language period. Although this research focuses on
the vocabulary of early and preschool children, these results of international research on reading compe-
tence confirm that poorer reading habits, which are developed precisely at this age, consequently have a
poorer vocabulary and, consequently, poorer reading competence. Namely, if a child does not understand
90-95% of the words in a text, he or she has difficulty in reading comprehension, which is an increasingly
common problem for children of primary school age. Therefore, the development of vocabulary at an early
age is important as a predictor of, among other things, reading competence.

Finally, the importance of lexical development in preschool age is reflected not only in the number
of acquired words but also in the way the child uses language to express thoughts, emotions, and needs.
Through everyday situations and interactions, the child gradually builds their own vocabulary and devel-
ops increasingly complex language patterns. The role of adults in this process is extremely important
because they, through their example, patience, and encouragement, shape the language environment
that can accelerate or slow down this development. Precisely for this reason, it is necessary to be aware
of how valuable every word, question, or comment addressed to the child is as an opportunity for learning
and progress, i.e., the richer and more sensitive the environment is to the child’s communication needs,
the more long-term and significant the results in vocabulary development will be.

NTC Child Development Support System

The NTC (Nikola Tesla Center) learning system represents a neuro-pedagogical approach that
integrates cognitive, motor, and language development through play, movement, and thought activation
(Rajovi¢, 2018). The underlying mechanism of this approach can be conceptualized as follows: NTC activ-
ities — active child engagement — connection between concepts and experiential learning — enhanced
word retention — richer vocabulary development. Through carefully designed tasks, children acquire
language structures spontaneously during play and interaction, simultaneously expanding vocabulary and
developing syntactic and semantic competence (Rajovi¢, 2013).

The core mechanisms of the NTC method include: creating associations (connecting words with
movements, objects, or situations); developing thought categories (classification and differentiation of con-
cepts); learning through puzzles and logical problems (verbal problem-solving); word play (rhyme, rhythm,
and homonyms for phonological awareness); and movement as language support (verbal expression ac-
companying physical activity) (Rajovi¢, 2013). In practice, children are encouraged to express themselves
through complete sentences during play—describing situations, conveying information, or reacting to verbal
instructions—within emotionally engaging contexts that enhance attention and motivation (Rajovic¢, 2018).

The NTC system is grounded in several key principles: early stimulation of developmental poten-
tial through activities targeting critical periods of neuroplasticity; active learning through play and move-
ment that connects motor and cognitive development; associative and divergent thinking that encourages
concept connection and meaning creation; emotional engagement through humor and interactive tasks;
and coordination between family and institutional environments to ensure optimal development (Rajovic,
2018). Special emphasis is placed on developing functional knowledge—the child’s ability to apply ac-
quired language skills in real situations rather than merely reproducing them mechanically.

Practical applications include activities such as visual-verbal integration (recognizing and naming
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moving objects), word play (rhymes, opposites, syllable combinations), and motor-cognitive games. A
typical example involves children performing physical tasks (e.g., jumping over marked fields) while si-
multaneously responding to verbal prompts—classifying words by grammatical category, naming objects,
or creating sentences. Other activities encourage spatial-temporal orientation (“Stand below, go above”)
or logical sequencing (“First take... then put... finally show...”). The “language path®—a physical polygon
where children complete motor tasks while responding to verbal challenges—exemplifies tasks integrated
into daily practice (Rajovi¢, 2013). And it is of great importance to mention, although NTC methods have
gained popularity in educational practice, empirical evidence regarding their effectiveness remains limited
and requires systematic evaluation. And, to be more specific, empirical evidence regarding the effective-
ness of NTC methods in early vocabulary acquisition remains limited.

Aim, Problems, and Hypotheses of the Research

The main aim of this research is to examine the effects of NTC methods on vocabulary acquisition
and lexical development in preschool children
The following research tasks arise from the main aim:
1. To assess children’s ability to name target concepts based on visual stimuli.

2. To examine whether the use of NTC methods has a statistically significant effect on the lexical de-
velopment of early-age children in terms of the number of correctly named terms before and after of
using NTC methods in preschool teaching

3. To determine whether there is a statistically significant difference in results with respect to the group
to which participants belong: control and experimental.

In accordance with the main aim and research tasks, the following hypotheses are set:

H,: Itis expected that the experimental group will be more successful in acquiring lexical concepts
than the control group precisely due to exposure to NTC teaching methods.

H,: Children will achieve higher initial scores for familiar everyday concepts compared with less
frequently encountered concepts.

H,: Children exposed to NTC activities will show improvement in naming target concepts after the
intervention.

Methodology

Description of the Sample and Research Implementation Method

The research was conducted in two toddler educational groups with a total of 40 children in one kin-
dergarten in Slavonia, Croatia with children from the age of 2 to 3 years old. One group was the control group
and the other the experimental group, with 20 children tested in each group. The sample included a total of
20 boys and 20 girls, evenly distributed in both groups. Before the start of the research, consent forms were
distributed to parents for participation in the research, and only those children whose parents signed the
consent form participated in the research, in accordance with the Code of Ethics for Research with Children.

In the experimental group, activities were conducted three times a week within a time frame of 4
weeks, from March 17, 2025, to April 17, 2025. Participants were tested before the start of the research,
after two weeks, and after the completion of the research, and all their answers were recorded in a re-
search table created for the purposes of this research. Participants in both the control and experimental
groups were tested at the same time intervals, and only participants in the experimental group were
exposed to NTC activities during the month of experiment implementation. The design of the conducted
research was quasi-experimental pretest-posttest control group design

Due to a small sample (N = 40), the Shapiro-Wilk test was used to determine the distibution of the data.

Research Instrument

For the purposes of this research, a test was created in which students were required to name a
concept after the researcher showed them a picture containing that concept. The terms were selected
from picture books that are read to children of this age in accordance with the Early Childhood and
Preschool Education Curriculum. A pilot study was conducted to check the appropriateness of the se-
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lected items. Based on the results of the pilot study, an analysis of the items was conducted, including
an assessment of their discriminativeness, and the internal consistency of the test was assessed using
Cronbach’s alpha coefficient (a = 0.84). In accordance with the results of the analyses, some items were
excluded, and the final version of the test was used in the main study.All forms of the stated concept
with possible mispronunciations or naming of the concept in dialect were taken as correct answers. The
concepts were chosen from the children’s immediate reality, from picture books that were read during
that period, and were connected to categories of words that participants were more intensively producing
and encountering during that period. The selected concepts that were tested and later processed through
NTC methods were the following: glista, Sesir, jaglac, visibaba, oblak, grablje, tepih, Suma, planina, kotac,
vjeSalica, glacalo, CeSnjak, merkat, Siljilo, zumbul, gumb, koSara, kupus, ¢avao. These concepts translate
to: earthworm, hat, primrose, snowdrop, cloud, rake, carpet, woods, mountain, wheel, hanger, iron, garlic,
meerkat, sharpener, hyacinth, button, basket, cabbage, nail. A total of 20 concepts were tested, several
of which contain palatal consonants and are therefore more difficult to pronounce (e.g., Cavao, ¢esnjak,
Siljilo). Also, these are representable concepts that are easy to depict visually. The words were selected
from stories that are read to children of that age according to the Curriculum for Early and Preschool
Education. Given that the words need to represent both terms that appear more frequently and those that
appear less frequently in order for the test to be valid, the term “merk” was chosen as a term that is not
common in children’s vocabulary of that age, but that is precisely why it is a good example of a term that
can be acquired using different working methods or through reading, given that it appears in a story, and
children of that age are happy to name terms from the animal category.

To conduct the research in the experimental group, participants were exposed to NTC methods for
one month, three times a week. These activities were most often implemented in the form of a polygon with
stations that participants had to follow and, during the performance, perform other language tasks, such
as naming a concept from a card, listing concepts, categorizing concepts, naming concepts, and the like.
The polygons contained elements of crawling, walking, climbing, descending, jumping, threading, throw-
ing, and the performance required coordination, balance, precision, and flexibility. Three different types of
polygon setups were used. Also, before the polygon, there was always a warm-up and familiarization with
the concepts that participants had to place in different contexts (The earthworm comes out in the rain.,
There is a wolf in the forest., The button is on the shirt.). All activities were implemented by educators. In
the experimental group, educators prepared activities using the NTC method, and in the control group,
educators prepared activities in the classic, or standard, way that is usually done with children of that age.
Each activity lasted about 20 minutes, which is how long activities in kindergarten usually last, in accord-
ance with the children’s attention span and other tasks that are carried out during a pedagogical day. In the
control group, the teacher simultaneously encouraged the children to acquire the same target words in the
classic way, as is usually done in preschool institutions, following the given plan and program, but without
using the NTC teaching method. The control group spent around the same time partaking in activities for
learning the words with the teacher. During the experiment implementation, participants were tested three
times: at the beginning, in the middle, and at the end, and the results were compared in this way.

Results

The first research task was to determine the knowledge of target words at the recognition level.
Namely, the initial word knowledge test was done in both groups to see if they differed in initial knowledge
[Graph 1]. The Shapiro-Wilk test showed that there was no statistically significant difference in knowledge
of each target word (p > 0.05, df = 39).

www.ijcrsee.com
335


www.ijcrsee.com

Baltezarevi¢, R., et al. (2026). The Effects of NTC Methods on Vocabulary Acquisition in Preschool Children, International Journal
of Cognitive Research in Science, Engineering and Education (IJCRSEE), 14(2), 331-341.

o
0
g b
--."" # o i}

[ (]
(3]

(=]

—
LA}

(3]

o ro L s

.H.. i5 4 Q- b -\.'\- e i -..-\-' J x o .\h..
L o s £ ’ o & \:cn. P oF "'\: o k)

" - o i o it =
! o - =

.'.9‘
4
o

B control group experimental group

Graph 1. Display of arithmetic means — knowledge of target words (initial testing)

Initial results showed that participants were most successful in knowing the target words: basket,
hat, cloud, and cabbage. The findings may indicate that familiarity with everyday experiences contributes
to better initial word knowledge. Basket is a word often associated with the fairy tale Little Red Riding
Hood, cabbage is often on their daily menu, hat they associate with a clown, and clouds are often men-
tioned in the context of weather conversations, and children of that age often draw them. The concepts
primrose, garlic, market, sharpener, hyacinth, button were words whose meaning most participants could
not determine, probably because they were not used in their speech environment. These results confirm
the first set hypothesis, which expected that children in the initial testing would be more familiar with con-
cepts from their everyday environment than with other concepts, such as, e.g., market.

The second research problem was to examine whether the use of NTC methods has a statistically
significant effect on the lexical development of early-age children. The results of the initial, middle (after 2
weeks of experiment implementation), and final testing are presented. The first display [Graph 2] shows
the results of the first six tested words: earthworm, hat, primrose, snowdrop, cloud, rake. For all six words,
the Kruskal-Wallis test (p < 0.05, df = 39) shows that there is a statistically significant difference between
the initial, middle, and final testing. Namely, during the experimental implementation of the program that
included NTC methods, children demonstrated improved retrieval of target words.

-
Dl

25
:3 i ]
2.2
L5
1.2
) I I

Eartwarm primrose snowdrap claud rake

2]
2]

ra
o

W initial tesdng middle testing W final testing
Graph 2. Display of initial, middle, and final results of word recognition testing: earthworm, hat, primrose, snow-

drop, cloud, and rake
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The second display [Graph 3] shows the results of the other seven tested words: carpet, forest,
mountain, wheel, hanger, iron, and garlic. For all seven words, the Kruskal-Wallis test (p < 0.05, df = 39)
shows that there is a statistically significant difference between the initial, middle, and final testing. These
findings suggest that the use of NTC methods may be associated with lexical development.
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Graph 3. Display of initial, middle, and final results of word recognition testing: carpet, forest, mountain, wheel,
iron, hanger, garlic

The third display [Graph 4] shows the results of the last seven of the twenty tested words: market,
sharpener, hyacinth, button, basket, cabbage, and nail. For six of the seven words, the Kruskal-Wallis test
(p < 0.05, df = 39) shows that there is a statistically significant difference between the initial, middle, and
final testing. There is no statistically significant difference only for the word “basket” (p > 0.05, df = 39).
For these seven words, the findings suggest a positive association between the use of NTC methods and
lexical diversity, indicating their potential to support the development of lexical competence.
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Graph 4. Display of initial, middle, and final results of word recognition testing: market, sharpener, hyacinth, but-
fon, basket, cabbage, nail

The analysis of the conducted tests on target words shows that all concepts have a tendency to
grow during the research. The arithmetic mean values in the initial testing vary between 1.0 and 2.6, while
in the final testing almost all reach 3.0. Concepts such as hanger, iron, and garlic do not reach the maxi-
mum value of 3, but still record significant progress. In accordance with the obtained results, the second
set of hypotheses was partially supported. The findings suggest that children demonstrated progress in
lexical development after participating in activities based on NTC teaching methods.
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The third research problem was to determine whether there is a statistically significant difference
in results with respect to the group to which participants belong: control and experimental. The results
of the Mann-U-Whitney test show that there is a statistically significant difference in the overall results of
the control and experimental groups (p < 0.05, df = 39) [Graph 5]. If we look at individual words, a statisti-
cally significant difference between the control and experimental groups exists for the words iron, garlic,
market, hyacinth, nail (p < 0.05, df = 39) and in the overall result (p < 0.05, df = 39). The results show
that children in the experimental group successfully acquired all concepts, especially those that were less
familiar to them in the initial testing. The obtained results are consistent with the hypothesis that the ex-
perimental group demonstrated greater success in acquiring lexical concepts than the control group after
participating in activities based on NTC teaching methods.
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Graph 5. Display of results for each target concept — results of the control and experimental groups

During all three testing points, it was observed that children name concepts in their organic idiom,
which is completely expected and in accordance with developmental age. During the early period, children
are “immersed” in the language and speech of their environment, which significantly affects the develop-
ment of lexical competence. For example, instead of glacalo (the standard word for iron), a very common
answer was pegla, a foreign word very often used in dialect in spoken language. Also, participants often
used the dialectal expression to¢ak instead of kota¢ (wheel). When naming the concept ¢avao (nail), they
also often used the dialectal form ekser. Dialectal words appeared significantly more often in the initial
testing, while by the end of the research children gradually acquired additional standard-language labels
alongside familiar dialect forms, given that during the encouragement of children’s lexical development
using NTC methods and approach, standard forms of these words were used. Half of the participants who
used regional lexical forms in the initial testing used standard forms of these words in the final testing. This
research also partially supported that dialect, especially in early age, affects the learning of concepts from
the immediate environment, i.e., that children name some concepts in their organic idiom.

Discussion

Based on the presented results, it can be concluded that the research provided preliminary evi-
dence of the potential contribution of NTC methods on the lexical development of early-age children.
The findings confirm all four set hypotheses and indicate the importance of systematically encouraging
vocabulary development through activities that include play, connecting concepts, and active cognitive
engagement of the child.

Initial Level of Knowledge of Target Words

The results of the initial testing showed that there were no statistically significant differences be-
tween the control and experimental groups in knowledge of target words, indicating comparable initial
levels of performance between groups. and enabling reliable monitoring of the effects of the experimental
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program. Children best recognize concepts belonging to their everyday experience and immediate envi-
ronment, such as basket, hat, cloud, and cabbage. In contrast, they were less familiar with less common
concepts such as primrose, hyacinth, market, or sharpener. This pattern confirms that early lexical devel-
opment predominantly relies on the frequency of contact with certain concepts and their use in the family
and peer environment. The findings are in accordance with theoretical assumptions about situational and
experiential language learning, according to which words are first acquired through everyday communica-
tion, which is consistent with the findings of other research (Filipe et al., 2023).

Effectiveness of NTC Methods in Lexicon Development

The results obtained during the middle and final measurements showed statistically significant im-
provement in knowledge of almost all target words. For most concepts, a continuous increase in scores from
the initial to the final testing was observed, with arithmetic means reaching or approaching the maximum val-
ue. This pattern suggests that children demonstrated an improved ability to retrieve and use newly introduced
lexical items, which is consistent with the findings reported by Spataro et al. (2024) and Scionti et al. (2023).

Particularly noteworthy is the finding that the greatest improvement was observed for the words
that were least familiar to children at the beginning of the study. This pattern suggests that NTC methods
may have supported not only the consolidation of existing knowledge but also the acquisition of new and
less familiar concepts. It is possible that activities based on connecting information, associative learning,
movement, and problem-solving contributed to children’s ability to acquire and recognize new lexical
units. This interpretation is consistent with the findings of Filipe et al. (2023), Spataro et al. (2024), and
Scionti et al. (2023), who reported associations between working memory, cognitive flexibility, executive
functions, and language and vocabulary development.

The only exception was the word basket, for which no statistically significant difference between
measurements was observed. One possible explanation is that this concept was already familiar to most
participants at the beginning of the study, leaving limited opportunity for further improvement. This pattern
may reflect a ceiling effect, whereby high initial performance reduces the likelihood of detecting statisti-
cally significant gains, a phenomenon also reported by Flores et al. (2020).

Differences Between the Experimental and Control Groups

Comparison of the control and experimental groups showed a statistically significant advantage of
the experimental group in overall achievement, as well as with several individual concepts that were less
familiar to children at the beginning of the research (iron, garlic, market, hyacinth, and nail). These find-
ings suggest that the observed improvement may be associated with NTC activities. This finding can be
connected with Flores et al. (2020), which shows that children acquire new meanings by connecting new
words with already existing lexical networks.

It is especially important that differences between groups are most clearly observed precisely with
more complex and less familiar concepts. This shows that the NTC approach has its greatest effect in situ-
ations where it is necessary to expand children’s vocabulary beyond everyday experience. Such results
partially support the notion that the NTC program represents an effective model for encouraging lexical
diversity and enriching the vocabulary of preschool-age children. This finding is supported by Anderson et
al. (2025), who emphasize that a rich language environment contributes to vocabulary development and
school readiness.

Influence of Dialect on Lexical Development

The research results also indicate a significant role of dialect in early language development. Dur-
ing the initial testing, children often used local or regional lexical forms, such as pegla instead of glacalo
(iron), to¢ak instead of kota€ (wheel), and ekser instead of avao (nail). This phenomenon is expected at
an early age because lexical development occurs primarily within the language environment in which the
child grows up.

However, it is interesting that during the research, there was a gradual increase in the use of
standard language forms. Since standard words were consistently used during NTC activities, a signifi-
cant number of children gradually acquired additional standard-language labels alongside familiar dialect
forms. This finding may be related to the phenomenon that NTC methods, in addition to contributing to
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vocabulary enrichment, could possibly also have an important role in the development of standard lan-
guage competence, without suppressing the child’s natural dialectal identity. This is in accordance with
the findings of Muir et al. (2023) and Kellens et al. (2023), which indicate that programs based on active
participation, interaction, and self-regulation have positive effects on the cognitive and language develop-
ment of preschool children.

Overall, the research results confirm that the lexical development of early-age children is strongly
connected with experience, frequency of exposure to concepts, and the quality of pedagogical stimuli.
The application of NTC methods proved to be an effective approach for expanding vocabulary, acquiring
new concepts, and improving lexical competence. It is especially significant that the greatest effects were
achieved with less familiar words, indicating the potential of the NTC approach to encourage the develop-
ment of higher levels of language functioning. At the same time, the results confirm the importance of the
dialectal environment in early language acquisition, but also the possibility that through planned educa-
tional activities, standard language expression can be successfully developed. These findings indicate
that NTC methods deserve further empirical evaluation, as a means of encouraging the child’s linguistic,
cognitive, and overall development. The previous findings are in accordance with the findings of Torppa et
al. (2021) and the review by Dilla and Jayadinata (2025), which emphasize the importance of a stimulating
family and educational environment for early language acquisition.

Conclusion

The present study provides preliminary evidence that the NTC learning system may support lexical
development in early childhood. The experimental group demonstrated significantly greater vocabulary
gains than the control group, particularly for less familiar concepts. These findings suggest that peda-
gogical activities integrating movement, associative thinking, and play may facilitate the acquisition and
integration of new lexical units.

The findings are consistent with theoretical frameworks emphasizing the interconnection between
motor, cognitive, and linguistic development (Diamond, 2000; Glenberg and Gallese, 2012). By engaging
children in activities requiring simultaneous physical coordination and verbal production, the NTC method
may support cognitive processes involved in vocabulary learning while fostering intrinsic motivation and
curiosity, both of which have been identified as important factors in children’s later literacy development.

Nevertheless, the findings should be interpreted with caution due to the limited sample size, rela-
tively short intervention period, and focus on typically developing children within a single preschool set-
ting. Consequently, the results cannot be readily generalized to children with diagnosed language dif-
ficulties, different educational contexts, or older age groups. Future research should employ longitudinal
designs, larger and more diverse samples, and additional outcome measures to examine the durability
of vocabulary gains and the extent to which they transfer to broader language and literacy skills, such as
reading comprehension and expressive writing.

Despite these limitations, the findings suggest that the NTC method may represent a valuable ad-
dition to preschool educational practice. If supported by further research, its systematic integration into
preschool curricula could contribute to vocabulary enrichment and the development of foundational com-
munication competencies that underpin later learning.
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Abstract: Increasing cultural diversity and globalization require higher education institutions to prepare future geography
teachers who can work effectively in culturally diverse environments. Developing cultural competence has therefore become
an important objective of geography teacher education, requiring instructional approaches that combine disciplinary knowledge
with authentic learning experiences and digital innovation. This study investigated the effectiveness of integrating project-based
learning (PBL) and digital technologies into a Cultural Geography course to enhance university students’ cultural competence. A
mixed-methods quasi-experimental design was employed involving 73 second-year geography students, including 35 students
in the control group and 38 students in the experimental group. The intervention was implemented over one academic semester.
Quantitative data were collected using the Cultural Competence Questionnaire and analysed through mixed repeated-measures
ANOVA, while qualitative data from classroom observations, reflective journals, and project reports were analysed using the-
matic analysis. The results showed that students in the experimental group achieved significantly greater improvements than
the control group across all dimensions of cultural competence, including cultural knowledge, cultural sensitivity, cultural skills,
and cultural interaction. Qualitative findings further indicated that project-based learning, cultural mapping, and digital technolo-
gies, including NetLogo, AnyLogic, and Cesium, enhanced students’ engagement, spatial thinking, collaborative inquiry, and
understanding of cultural phenomena. Although the study was limited by its relatively small sample from a single university and
the one-semester duration of the intervention, the findings provide empirical evidence that integrating project-based learning
with digital technologies represents an effective pedagogical approach for strengthening cultural competence in geography
teacher education and offers practical implications for competence-oriented curriculum development in higher education.

Keywords: cultural competence, cultural geography, project-based learning, digital technologies, geography teacher
education, higher education.

Introduction

Rapid globalization, international mobility, and digital transformation have substantially increased
cultural interaction across contemporary societies. As a result, higher education institutions are expected
to prepare graduates who can engage effectively with culturally diverse communities while preserving
cultural heritage and promoting intercultural understanding. Such challenges are particularly relevant in
Kazakhstan, where cultural diversity and historical heritage play an important role in shaping national
identity. Tirkey (2022) argues that globalization simultaneously stimulates cultural innovation and trans-
forms long-established cultural practices, creating a need to balance openness to global influences with
the preservation of cultural heritage.

These developments have increased the importance of cultural competence in education. Educa-
tional institutions are expected not only to transmit knowledge but also to prepare learners to engage ef-
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fectively in culturally diverse environments. In this context, cultural competence is increasingly associated
with the ability to understand cultural differences, communicate across cultural boundaries, and partici-
pate constructively in multicultural societies. Byram (1997) and Cross et al. (1989) emphasize that such
competence extends beyond factual knowledge and encompasses values, attitudes, and behavioural
dispositions that support meaningful intercultural interaction.

The complexity of cultural competence has led researchers to conceptualize it as a multidimensional
construct. Effective participation in culturally diverse contexts requires not only knowledge of cultural tradi-
tions and social practices but also openness toward cultural differences and the ability to apply these qualities
in authentic situations. Flaskerud (2007) associates these dimensions with cultural knowledge, cultural sensi-
tivity, and community interaction, highlighting the interconnected nature of cultural competence development.

Within higher education, identifying effective approaches to developing cultural competence has
become an important educational priority. Geography occupies a distinctive position in this process be-
cause it examines the relationships among people, culture, and space. Through the study of cultural
landscapes, place identity, and spatial behaviour, geography encourages students to explore how cultural
processes are expressed in different geographical contexts. Morgan (2001) notes that geography educa-
tion provides opportunities to investigate cultural identities and human experiences of place alongside
natural and economic processes.

Among the branches of geography, Cultural Geography offers particularly strong potential for ad-
dressing issues related to culture and identity. The field focuses on the spatial organisation of cultural
phenomena and examines how meanings, values, and social practices become embedded in places
and landscapes. Hall and Johnston-Anumonwo (2016) emphasize that cultural landscapes, ethnocultural
regions, and processes of cultural diffusion provide important perspectives for understanding the relation-
ship between culture and space.

The educational value of Cultural Geography extends beyond disciplinary knowledge. Learning
activities involving cultural landscapes, regional cultural characteristics, and cultural mapping encour-
age students to explore cultural diversity from geographical perspectives. Such experiences strengthen
spatial reasoning, analytical thinking, and awareness of cultural differences while creating meaningful
opportunities for competence-oriented learning.

Despite growing scholarly interest in cultural competence, most existing studies have examined
its development within language education, teacher education, healthcare, and intercultural communica-
tion. Comparatively less attention has been devoted to investigating how discipline-specific courses can
systematically foster cultural competence through authentic learning experiences.

Within geography education, Cultural Geography offers considerable potential for developing stu-
dents’ understanding of cultural diversity through the study of place, landscape, and spatial relationships.
However, empirical evidence regarding the integration of project-based learning and digital technologies
into Cultural Geography for the purpose of developing cultural competence remains limited. Accordingly,
there is a need to design and empirically evaluate instructional approaches that integrate Cultural Geog-
raphy with project-based learning and digital technologies to strengthen students’ cultural competence in
higher education.

Accordingly, this study aimed to examine the effectiveness of a Cultural Geography course inte-
grating project-based learning and digital technologies in developing students’ cultural competence. To
achieve this aim, the following objectives were established:

+ To analyze the theoretical foundations and structural components of cultural competence;
+ To identify the pedagogical potential of Cultural Geography for fostering cultural competence;

+ To design and implement a Cultural Geography course integrating project-based learning and digital
technologies;

+ To evaluate the effectiveness of the proposed instructional approach through a pedagogical experiment.
Accordingly, the study addressed the following research question:

To what extent does a Cultural Geography course integrating project-based learning and digital tech-
nologies contribute to the development of students’ cultural competence?
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Literature Review

Theoretical Foundations of Cultural Competence

The increasing cultural diversity of contemporary societies has positioned cultural competence as
a fundamental outcome of higher education. Universities are expected not only to develop students’ dis-
ciplinary knowledge but also to prepare graduates who can communicate effectively, collaborate across
cultures, and respond responsibly to global social and cultural challenges. Consequently, cultural compe-
tence has become closely associated with global citizenship, social inclusion, and education for sustain-
able development (Byram, 1997; Cross et al., 1989).

Cultural competence is widely recognised as a multidimensional construct incorporating cogni-
tive, affective, and behavioural dimensions. Deardorff (2006) conceptualises cultural competence as the
integration of cultural knowledge, attitudes, skills, and appropriate behaviour that enables individuals to
interact effectively in culturally diverse contexts. Similarly, Flaskerud (2007) emphasises that cultural com-
petence extends beyond awareness of cultural differences to include empathy, respect, and the ability to
adapt communication and behaviour across cultural settings.

Recent international educational frameworks further reinforce the importance of cultural compe-
tence within higher education. UNESCO (2021) highlights intercultural dialogue, cultural diversity, and
global responsibility as essential educational priorities, while the OECD (2018) identifies global compe-
tence as a key outcome that enables learners to analyse global issues, appreciate multiple perspectives,
and engage constructively with individuals from different cultural backgrounds. More recent research sug-
gests that digital competence and intercultural competence are becoming increasingly interconnected as
higher education integrates technology-rich learning environments. Digital learning environments support
collaborative inquiry, intercultural communication, and authentic learning experiences that contribute to
competence-oriented education (Vojtekova et al., 2023; Lee, 2023).

Despite extensive research in teacher education, healthcare, and language education, compara-
tively little attention has been devoted to examining how Cultural Geography can systematically contribute
to the development of cultural competence. This gap highlights the need for discipline-specific pedagogi-
cal models that integrate geographical inquiry with competence-oriented learning.

Pedagogical Potential of Cultural Geography

Culture and geographical space are inherently interconnected, making Cultural Geography a valu-
able disciplinary context for developing students’ cultural competence. The discipline explores cultural
landscapes, place identity, cultural diffusion, ethnocultural regions, and the spatial organisation of human
activities, enabling students to understand how culture is shaped by geographical processes (Morgan,
2001; Winders, 2014; Hall and Johnston-Anumonwo, 2016.

From an educational perspective, Cultural Geography supports inquiry-based and student-centred
learning by encouraging learners to investigate authentic geographical problems through fieldwork, cul-
tural mapping, spatial analysis, and collaborative investigation. These learning experiences foster critical
thinking, spatial reasoning, intercultural awareness, and reflective learning while connecting theoretical
concepts with real-world cultural phenomena.

The educational potential of Cultural Geography is further strengthened through the integration of
project-based learning and digital technologies. Contemporary geography education increasingly incor-
porates Geographic Information Systems (GIS), digital mapping platforms, geospatial simulations, virtual
learning environments, and immersive technologies to support active learning and spatial inquiry. Recent
studies demonstrate that web-based GIS, augmented reality, virtual reality, and mobile learning improve
students’ spatial thinking, inquiry skills, collaborative learning, and engagement in geography education
(Vojtekova et al., 2023; Lee, 2023). Empirical evidence from higher geography education further sup-
ports these findings. Grobelski et al. (2023) demonstrated that project-based geography courses enabled
undergraduate students to develop stronger geographical inquiry skills, intercultural understanding, col-
laborative learning, and ethical awareness through authentic research projects. Similarly, Yan et al. (2023)
reported that blended GIS-supported learning significantly improved students’ learning experiences, mo-
tivation, and perceived learning outcomes in higher education by integrating active learning with digital
geospatial technologies.Systematic reviews further indicate that successful implementation depends on
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adequate teacher preparation, curriculum design, and technological infrastructure.

Consequently, integrating project-based learning with geospatial technologies provides opportunities
for students to investigate authentic cultural issues, construct knowledge collaboratively, and develop
competencies required for professional practice in increasingly digital and culturally diverse societies.

Empirical Research on Developing Cultural Competence

Empirical research consistently demonstrates that active learning approaches contribute more ef-
fectively to competence development than traditional lecture-based instruction. Project-based learning
encourages students to investigate authentic problems, collaborate with peers, reflect on their experi-
ences, and apply theoretical knowledge in practical contexts. Such learning environments have been
associated with improvements in intercultural understanding, communication, critical thinking, and self-
directed learning (Thomas, 2000; Bell, 2010; Deardorff, 2006).

The growing integration of digital technologies has further expanded opportunities for competence-
oriented learning in geography education. Recent literature reviews indicate that GIS applications, geo-
spatial technologies, digital mapping platforms, and virtual learning environments enhance students’ spa-
tial reasoning, motivation, collaborative inquiry, and digital competence while supporting more authentic
and interactive learning experiences (Vojtekova et al., 2023; Panjaitan et al., 2023). Nevertheless, these
reviews also identify persistent challenges related to infrastructure, teacher preparedness, and effective
pedagogical integration.

Recent empirical studies also provide evidence that project-based and technology-supported ge-
ography education positively influences students’ engagement and disciplinary competencies. For ex-
ample, Grobelski et al. (2023) found that project-based learning transformed students’ understanding of
geography from factual knowledge acquisition to active geographical inquiry through authentic collabora-
tive projects. Likewise, Cascante-Campos (2023) demonstrated that university instructors who perceived
greater pedagogical value in geospatial technologies were significantly more likely to adopt GIS-based
teaching practices, highlighting the importance of digital pedagogy in higher geography education.

Although the educational benefits of project-based learning and digital technologies have been
widely acknowledged, empirical evidence concerning their combined application within Cultural Ge-
ography remains limited. Most previous studies have focused on geography education broadly, digital
competence, or technology integration, whereas comparatively few have investigated how project-based
learning and digital technologies jointly contribute to the development of cultural competence through Cul-
tural Geography. Furthermore, relatively few studies have adopted mixed-methods designs that combine
quantitative evidence of learning outcomes with qualitative analysis of students’ learning experiences.

Although previous studies have demonstrated the educational benefits of project-based learning and
digital technologies, little empirical evidence has examined their combined contribution to cultural competence
development within Cultural Geography courses in higher education. Accordingly, the present study addresses
this gap by investigating the effectiveness of a Cultural Geography course integrating project-based learning
and digital technologies using a mixed-methods quasi-experimental design. By combining quantitative and
qualitative evidence, the study seeks to provide a more comprehensive understanding of how competence-
oriented geography education can support the development of university students’ cultural competence.

Materials and methods

Research Design

This study employed a quasi-experimental research design using a pre-test—post-test control group
approach to examine the effectiveness of a Cultural Geography course integrating project-based learning
(PBL) and digital technologies in developing university students’ cultural competence. A quasi-experi-
mental design was selected because the participants were enrolled in existing academic groups, making
random assignment impractical.

The study involved two groups. The experimental group participated in a redesigned Cultural Ge-
ography course that incorporated project-based learning activities and digital technologies, while the con-
trol group studied the same course using conventional lecture-based instruction and standard classroom
activities. Both groups completed identical questionnaires before and after the instructional intervention.
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The intervention was conducted over 15 weeks, with three academic hours of instruction per week,
during the first semester of the academic year. The effectiveness of the instructional approach was evalu-
ated by comparing pre-test and post-test results within and between the two groups.

The study adopted a mixed-methods approach by integrating quantitative and qualitative data. Quan-
titative findings from the quasi-experimental design were complemented by qualitative data obtained from
students’ reflective journals, classroom observations, and project reports to provide a more comprehen-
sive understanding of the intervention outcomes.

This study adopted an explanatory sequential mixed-methods design, in which quantitative findings
from the quasi-experimental phase were subsequently explained and enriched through qualitative analy-
sis of reflective journals, classroom observations, and project reports.

Participants

The participants were 73 second-year undergraduate students enrolled in the Geography Teacher
Education programme at Abai Kazakh National Pedagogical University, Kazakhstan. Participants ranged
in age from 18 to 21 years and had successfully completed introductory Geography courses but had not
previously studied Cultural Geography as a separate university course.

Because the study was conducted within an authentic educational setting, random assignment was
not feasible. Instead, two existing academic classes were used. One intact class was designated as the
experimental group (n = 38; 18 females and 20 males), while the other served as the control group (n =
39; 20 females and 15 males). Group allocation was established before the beginning of the semester
according to the university timetable and was not influenced by the researchers.

All second-year students enrolled in the Cultural Geography course during the study period were
invited to participate. Eligibility criteria included enrolment in the course, regular class attendance through-
out the semester, and completion of both the pre-test and post-test questionnaires. No participants with-
drew during the study, and complete datasets were obtained from all 73 students; therefore, no missing
data treatment was required.

Both groups were taught by the same instructor over a 15-week semester (three academic hours
per week) and followed the same Cultural Geography syllabus, learning objectives, assessment sched-
ule, and contact hours. The only difference between the two groups was the instructional approach. The
experimental group participated in project-based learning activities supported by digital technologies,
whereas the control group received conventional lecture-based instruction and standard classroom ac-
tivities. This design helped minimise potential instructor-related variation and ensured that differences in
learning outcomes could be more confidently attributed to the instructional intervention.

Participation in the study was voluntary. Before data collection, all participants were informed about
the purpose of the research and provided written informed consent. Participant anonymity and confidenti-
ality were maintained throughout the study, and all collected data were anonymised before analysis.

The sample size was determined by the number of students enrolled in the Cultural Geography
course during the study period. As the study employed intact academic classes in a quasi-experimental
design, no additional sampling procedure was undertaken. Although no a priori statistical power analysis
was performed, all eligible students available during the intervention were included in the study.

Before data collection, all participants received information about the purpose of the study, the
voluntary nature of participation, confidentiality procedures, and their right to withdraw from the study at
any stage without academic consequences. Written informed consent was obtained from all participants
prior to participation. All data were anonymized before analysis and used solely for research purposes in
accordance with the ethical principles of the Declaration of Helsinki.

Research Instruments

A researcher-developed questionnaire was designed to assess students’ cultural competence in
the context of the Cultural Geography course. The instrument was developed specifically for this study
based on an extensive review of the literature on cultural competence, cultural geography education, pro-
ject-based learning, and digital learning environments. The questionnaire consisted of 30 items organised
into four dimensions: Cultural Knowledge (8 items), Cultural Sensitivity (7 items), Cultural Skills (8 items),
and Cultural Interaction (7 items). Responses were measured using a five-point Likert scale ranging from
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1 (strongly disagree) to 5 (strongly agree).

To establish content validity, the questionnaire was reviewed by two academic experts, including a
professor specialising in Geography and a professor specialising in Pedagogy. Their recommendations
were incorporated to improve the clarity, relevance, and comprehensiveness of the questionnaire before
data collection.

The reliability of the instrument was assessed using Cronbach’s alpha coefficient (Cronbach, 1951).
The questionnaire demonstrated high internal consistency across all four dimensions: Cultural Knowledge
(a=0.887), Cultural Sensitivity (a =0.901), Cultural Skills (a = 0.913), and Cultural Interaction (a = 0.882).
The overall reliability coefficient for the 30-item questionnaire was a = 0.921, indicating excellent internal
consistency.

Construct validity was evaluated using Exploratory Factor Analysis (EFA). The Kaiser-Meyer-Olkin
(KMO) measure of sampling adequacy was 0.907, indicating excellent suitability for factor analysis. Bar-
tlett's Test of Sphericity was statistically significant (x*(435) = 1248.56, p < .001), confirming that the cor-
relation matrix was appropriate for factor analysis and supporting the four-dimensional structure of the
questionnaire.

In addition to the cultural competence questionnaire, students completed a separate five-item scale
measuring the perceived pedagogical contribution of digital technologies. This scale was treated as an
intervention-related outcome reflecting students’ perceptions of the instructional approach rather than as
a dimension of cultural competence. Therefore, pedagogical impact scores were analysed separately and
were not included in the calculation of the overall cultural competence score.

Instructional Intervention

The instructional intervention was implemented over a 15-week semester, with three academic
hours of instruction per week. Both the experimental and control groups studied the same Cultural Geog-
raphy curriculum, covering identical learning objectives, thematic content, and assessment requirements.
The same instructor taught both groups, ensuring consistency in course delivery, instructional time, and
assessment procedures. The only difference between the two groups was the teaching approach adopted
during the intervention.

The experimental group participated in a project-based learning (PBL) programme supported by
digital technologies. Students worked collaboratively in small groups to investigate authentic cultural ge-
ography issues, including cultural landscapes, cultural heritage, regional identity, cultural diversity, and
sustainable cultural development. Throughout the semester, students designed and implemented inquiry-
based projects involving cultural mapping, spatial data analysis, field observations, collaborative discus-
sions, digital storytelling, and project presentations. Each project required students to collect, analyse,
and interpret cultural-geographical information before presenting evidence-based solutions to real-world
cultural challenges.

To support project implementation, several digital technologies were integrated into the learning
process. Geographic Information Systems (GIS) were used for spatial data analysis and digital cultural
mapping. Cesium provided three-dimensional visualisation of cultural landscapes and heritage sites. Net-
Logo enabled students to simulate cultural diffusion processes and explore spatial interaction patterns,
while AnyLogic was employed to model human-environment relationships and population dynamics. Ad-
ditional digital platforms were used for collaborative learning, presentation design, and reflective learning
activities. These technologies encouraged active participation, collaborative inquiry, and the development
of digital and spatial thinking skills.

In contrast, the control group received conventional lecture-based instruction following the stand-
ard university curriculum. Teaching methods primarily included lectures, textbook-based learning, teacher
explanations, classroom discussions, and individual written assignments. Although both groups studied
identical course content and were assessed using the same criteria, the control group did not participate
in project-based learning activities or use the digital technologies incorporated into the experimental in-
tervention.

Student learning was evaluated using identical assessment criteria in both groups to ensure com-
parability of learning outcomes. Assessment included project tasks, classroom participation, written as-
signments, presentations, and the pre-test and post-test cultural competence questionnaire. A detailed
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description of the weekly instructional activities, project tasks, digital technologies employed, and assess-
ment rubric is provided in Appendix A to facilitate replication of the intervention.

Data Collection Procedure

Data collection was conducted in three stages. During the first week of the semester, all participants
completed the pre-test questionnaire to determine their initial level of cultural competence. Following the
pre-test, the experimental group participated in the project-based learning intervention integrated with digital
technologies, while the control group continued with conventional instruction over the 15-week semester.

At the end of the intervention, all participants completed the post-test questionnaire using the same
instrument administered before the intervention. The collected data were anonymised and coded prior to
statistical analysis to ensure confidentiality and accuracy.

Before data collection, all participants received information about the purpose of the study, the
voluntary nature of participation, confidentiality procedures, and their right to withdraw from the study at
any stage without academic consequences. Written informed consent was obtained from all participants
prior to participation. All data were anonymized before analysis and used solely for research purposes in
accordance with the ethical principles of the Declaration of Helsinki.

Data Analysis

The collected data were analysed using IBM SPSS Statistics (Version 27). Descriptive statistics,
including means and standard deviations, were calculated to summarise students’ performance before
and after the intervention.

The reliability of the questionnaire was assessed using Cronbach’s alpha coefficient, while con-
struct validity was evaluated through Exploratory Factor Analysis (EFA), supported by the Kaiser-Meyer—
Olkin (KMO) measure of sampling adequacy and Bartlett’s Test of Sphericity.

Prior to the intervention, independent-samples t-tests were conducted to examine baseline equiva-
lence between the experimental and control groups. The effectiveness of the instructional intervention
was then evaluated using mixed repeated-measures analysis of variance (ANOVA), with group (experi-
mental vs. control) as the between-subjects factor and time (pre-test vs. post-test) as the within-subjects
factor. This analysis was performed to determine whether changes in students’ cultural competence over
time differed significantly between the two groups.

Effect sizes were reported using partial eta squared (n?) to assess the magnitude of the intervention
effects. Statistical significance was established at p < .05.

Results

Baseline Comparison of the Study Groups

Before evaluating the effectiveness of the intervention, baseline equivalence between the control
and experimental groups was assessed using independent-samples t-tests. As presented in Table 1, no
statistically significant differences were observed between the two groups across any measured vari-
able (p > .05). The control and experimental groups demonstrated comparable baseline levels of cultural
knowledge, cultural sensitivity, cultural skills, cultural interaction, students’ perceived pedagogical contri-
bution of digital technologies, and overall cultural competence.

Because this study employed a quasi-experimental design using intact classes rather than ran-
dom assignment, the absence of statistically significant baseline differences should not be interpreted as
evidence of complete group equivalence. Therefore, the effectiveness of the intervention was evaluated
primarily through mixed repeated-measures ANOVA, which directly examined changes over time between
the two groups.
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Table 1. Baseline comparison of cultural competence between the control and experimental groups

Outcome Control (n = 35) Experimental (n = 38) p
Mean £ SD Mean £ SD

Cultural knowledge 3.21£0.54 3.25+£0.58 731
Cultural sensitivity 3.34 £ 0.49 3.29+0.52 .684
Cultural skills 3.17 £0.56 3.20 £ 0.51 792
Cultural interaction 3.28 £0.53 3.31£0.55 .765
Pedagogical impact of digital technologies 3.12+0.61 3.15+0.57 814
Overall cultural competence 3.22£0.48 3.24 £0.50 .756

Note. Independent-samples f-tests revealed no statistically significant baseline differences between the control and experi-
mental groups across any outcome variable (all p > .05)

Effects of the Cultural Geography Intervention

To examine the effectiveness of the intervention, mixed repeated-measures ANOVA was conducted
for each outcome variable. This analysis assessed whether changes in students’ cultural competence
over time differed between the control and experimental groups.

Descriptive statistics indicated improvements in both groups between the pre-test and post-test as-
sessments; however, improvements were consistently greater in the experimental group. These descrip-
tive trends were subsequently confirmed by the mixed repeated-measures ANOVA.

Mixed repeated-measures ANOVA demonstrated statistically significant Group x Time interaction
effects for every measured outcome. Significant interaction effects were found for overall cultural com-
petence (F(1,71)=219.34, p<.001, partial n=.755), cultural knowledge (F(1,71)=568.46, p<.001, partial
n?=.889), cultural sensitivity (F(1,71)=139.44, p<.001, partial n?>=.663), cultural skills (F(1,71)=224.31,
p<.001, partial n?=.760), cultural interaction (F(1,71)=98.71, p<.001, partial n>=.582), and students’ per-
ceived pedagogical contribution of digital technologies (F(1,71)=28.18, p<.001, partial n?=.284).

According to Cohen’s (1988) guidelines, the interaction effects ranged from moderate to large, with
the strongest effects observed for cultural knowledge, cultural skills, and overall cultural competence.

Table 2. Mixed repeated-measures ANOVA results for changes in cultural competence outcomes

Outcome Control ~ Control  Experimental Experimental ~ Group x Time p Partial
Pre Post Pre Post F(1,71) n?

Cultural knowledge 321+ 338+ 325+058 432%045 568.46 <.001  .889
0.54 0.49

Cultural sensitivity 334+ 346+ 329+052 3981048 139.44 <.001 663
0.49 0.47

Cultural skills 317+ 335+  320+£051 421+043 224.31 <.001 .760
0.56 0.51

Cultural interaction 328+ 344+  331+£055 415+046 98.71 <.001 582
0.53 0.49

Pedagogical impact of 312+ 329+ 3151057 4.41+040 28.18 <.001 284

digital technologies 0.61 0.55

Overall cultural competence  3.22 + 3.38 324+£050 4.21+0.38 219.34 <.001  .755
0.48 0.42
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Figure 1. Estimated marginal means of overall cultural competence at pre-test and post-test (95% confidence intervals)

Changes in Individual Dimensions of Cultural Competence

To facilitate interpretation of the intervention effects, mean pre-post change scores (A) were calcu-
lated for each outcome variable (Table 3).

The experimental group demonstrated substantially greater improvements than the control group
across all measured dimensions. The largest improvement was observed in students’ perceived peda-
gogical contribution of digital technologies (A = 1.26), followed by cultural knowledge (A = 1.07) and
cultural skills (A = 1.01). Improvements were also evident for cultural interaction (A = 0.84) and cultural
sensitivity (A = 0.69). In contrast, students in the control group demonstrated only modest improvements
across all measured variables.

Overall cultural competence increased by 0.97 points in the experimental group compared with 0.16
points in the control group, corresponding to an additional improvement of 0.81 points following the intervention.

Table 3. Mean pre-post change (4) in cultural competence outcomes

Outcome Control (A)  Experimental (A) Difference
Cultural knowledge 0.17 1.07 0.90
Cultural sensitivity 0.12 0.69 0.57
Cultural skills 0.18 1.01 0.83
Cultural interaction 0.16 0.84 0.68
Students’ perceived pedagogical contribution of digital technologies 0.17 1.26 1.09
Overall cultural competence 0.16 0.97 0.81

Note: A = Post-test mean - Pre-test mean

As shown in Table 3, the experimental group demonstrated greater improvements than the control
group across every measured outcome. The largest between-group differences were observed for stu-
dents’ perceived pedagogical contribution of digital technologies and cultural knowledge, whereas the
smallest difference was found for cultural sensitivity.

Qualitative Findings

Qualitative findings were used to support the interpretation of the quantitative results rather than
to provide an in-depth qualitative evaluation of the intervention. Data collected from students’ reflective
journals, classroom observations, and project reports were analysed using thematic analysis following the
six-phase approach proposed by Braun and Clarke (2006). The qualitative data were coded and analysed
by the first author through repeated reading of the data, generation of initial codes, identification and re-
finement of themes, and review of thematic consistency. Four recurring themes were identified that com-
plemented and explained the quantitative findings obtained from the mixed repeated-measures ANOVA.

Theme 1. Strengthening cultural knowledge through cultural mapping

Reflective journals and classroom observations indicated that cultural mapping activities enhanced
students’ understanding of cultural landscapes, sacred sites, and regional identities. Students demon-
strated greater confidence in interpreting cultural phenomena using geographical concepts and spatial
thinking. These observations are consistent with the substantial quantitative improvement observed in
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cultural knowledge. One student noted, “Creating cultural maps helped me understand how cultural tradi-
tions are connected to geographical space” (Participant 12).

Theme 2. Digital technologies enhanced learning engagement

Students frequently described GIS applications, NetLogo, AnyLogic, and Cesium as valuable learning
resources that supported the visualisation and interpretation of cultural phenomena. Classroom observa-
tions suggested that these technologies increased engagement, participation, and motivation throughout
the learning process. These findings correspond with the improvement observed in students’ perceived
pedagogical contribution of digital technologies. As one participant reflected, “Using NetLogo and GIS
made cultural processes easier to visualise and understand than traditional lectures” (Participant 21).

Theme 3. Project-based learning promoted cultural skills and interaction

Project-based learning encouraged collaboration, communication, and shared problem-solving.

Students demonstrated greater confidence in collecting, analysing, organising, and presenting geographi-
cal information while working collaboratively with classmates. Classroom observations likewise indicated
higher levels of participation and collaborative engagement. These findings support the quantitative im-
provements observed in cultural skills and cultural interaction. A student commented, “Working on pro-
jects with classmates improved my communication and teamwork skills” (Participant 8).

Theme 4. Increased cultural awareness and sensitivity

Reflective journals suggested that participation in the course increased students’ awareness of
Kazakhstan’s cultural diversity, historical heritage, and regional traditions. Students also demonstrated
greater appreciation of different cultural perspectives and recognised the importance of preserving cul-
tural heritage. These observations complement the quantitative improvement identified in the cultural
sensitivity dimension. One participant wrote, “The course helped me appreciate the cultural diversity of
Kazakhstan from a geographical perspective” (Participant 15).

Integration of Quantitative and Qualitative Findings

The qualitative findings provided contextual explanations for the statistically significant improve-
ments observed in the quantitative analyses. While the mixed repeated-measures ANOVA demonstrated
significant Group x Time interaction effects across all measured dimensions, the qualitative evidence sug-
gested that project-based learning, cultural mapping, collaborative learning, and digital technologies cre-
ated meaningful learning experiences that supported the development of students’ cultural competence.

The qualitative findings converged with the quantitative results by providing explanatory evidence for
the statistically significant Group x Time interaction effects. Students consistently described how project-
based learning, collaborative inquiry, cultural mapping, and digital technologies enhanced their under-
standing of cultural phenomena, strengthened cultural interaction, and increased engagement. Thus, the
qualitative evidence supported the interpretation of the quantitative findings rather than serving as an
independent source of theory generation.

Discussion

Interpretation of the Main Findings

The present study investigated whether integrating project-based learning (PBL) and digital tech-
nologies into a Cultural Geography course could enhance university students’ cultural competence. The
findings demonstrated that students who participated in the intervention achieved significantly greater
improvements than those in the control group across all measured dimensions of cultural competence,
including cultural knowledge, cultural sensitivity, cultural skills, and cultural interaction. Qualitative find-
ings further indicated that project-based learning, cultural mapping, collaborative inquiry, and digital tech-
nologies created authentic learning experiences that strengthened students’ engagement and supported
the development of intercultural understanding. These findings reinforce the conceptualisation of cultural
competence as a multidimensional construct comprising cognitive, affective, and behavioural dimensions
that develop through meaningful educational experiences rather than through factual knowledge alone
(Byram, 1997; Deardorff, 2006).

One explanation for these findings lies in the pedagogical characteristics of project-based learning.
Rather than relying on teacher-centred instruction, students investigated authentic cultural-geographical
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problems, analysed cultural landscapes, interpreted regional identities, produced digital cultural maps,
and collaborated with peers throughout the semester. Such learning experiences encouraged active
knowledge construction, reflection, communication, and collaborative problem-solving. These results are
consistent with previous studies showing that project-based learning enhances higher-order thinking,
collaboration, and authentic learning in higher education (Thomas, 2000; Bell, 2010). They also support
Grobelski et al. (2023), who demonstrated that project-based geography education promotes geographi-
cal inquiry, collaborative learning, and intercultural understanding through authentic research activities.
The findings further highlight the educational value of Cultural Geography as a disciplinary con-
text for competence-oriented learning. By examining relationships among culture, place, identity, and
geographical space, students developed a deeper understanding of cultural diversity and the spatial pro-
cesses shaping cultural landscapes. Unlike instructional approaches that address culture primarily from
historical or sociological perspectives, Cultural Geography enables students to investigate cultural phe-
nomena through spatial inquiry and geographical interpretation. These findings are consistent with previ-
ous work emphasising the contribution of Cultural Geography to understanding cultural landscapes, place
identity, and spatial relationships (Morgan, 2001; Hall and Johnston-Anumonwo, 2016; Winders, 2014).
Digital technologies represented another essential component of the instructional intervention. The
integration of GIS applications, NetLogo, AnyLogic, and Cesium enabled students to visualise cultural land-
scapes, construct digital cultural maps, simulate geographical processes, and analyse cultural phenomena
from spatial perspectives. Rather than functioning solely as technological resources, these tools supported
inquiry-based learning, collaborative investigation, and the development of spatial thinking. These findings
are consistent with Kerski (2008), who emphasised the contribution of geospatial technologies to geo-
graphical inquiry, and with Wilensky and Rand (2015), who highlighted the educational value of modelling
environments for analysing complex systems. They also align with recent empirical evidence showing that
digital geospatial technologies improve students’ spatial reasoning, collaborative inquiry, motivation, and
disciplinary learning outcomes in higher education (Lee, 2023; Yan et al., 2023; Vojtekova et al., 2023).
Finally, the findings support current international educational priorities that emphasise compe-
tence-oriented learning, intercultural understanding, and digital innovation. UNESCO (2021) identifies
cultural diversity, global citizenship, and education for sustainable development as central goals of higher
education, while the OECD Global Competence Framework (OECD, 2018) highlights learners’ ability to
understand multiple perspectives and engage constructively in culturally diverse societies. The instruc-
tional model examined in this study demonstrates how Cultural Geography, project-based learning, and
digital technologies can be integrated to support these international educational priorities while providing
an evidence-based approach for strengthening cultural competence among future geography teachers.

Practical Implications, Limitations, and Future Research Directions

The findings have several practical implications for geography teacher education and curriculum de-
velopment. First, they suggest that Cultural Geography courses can extend beyond the transmission of dis-
ciplinary knowledge by incorporating authentic project-based activities that promote cultural competence
alongside geographical understanding. Integrating project-based learning, cultural mapping, and digital
technologies may simultaneously strengthen intercultural awareness, spatial reasoning, collaboration,
communication, and problem-solving skills. These competencies are increasingly recognised as essential
outcomes of higher education within international educational frameworks (UNESCO, 2021; OECD, 2018).

Second, the instructional approach presented in this study provides a practical model for curriculum
innovation in geography education. Combining competence-oriented pedagogy with geospatial technolo-
gies may contribute to the modernisation of Cultural Geography curricula while supporting educational
programmes related to cultural heritage, sustainability, and global citizenship. The proposed approach
may also be valuable for teacher education programmes preparing future educators to work in culturally
diverse learning environments.

Several limitations should be acknowledged. The study involved 73 students from a single univer-
sity and employed a quasi-experimental design using intact classes; therefore, the findings should be
interpreted cautiously and should not be generalised beyond similar educational contexts. Furthermore,
the intervention lasted one academic semester, which may not have been sufficient for the long-term de-
velopment of some dimensions of cultural competence, particularly cultural sensitivity and intercultural at-
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titudes. Finally, because the study focused exclusively on Cultural Geography, further research is required
before extending these findings to other academic disciplines.

Future research should investigate the effectiveness of this instructional approach across multiple uni-
versities, cultural contexts, and disciplinary settings. Longitudinal studies involving larger and more diverse
samples would provide stronger evidence regarding the sustainability of competence development over
time. Future investigations could also explore the educational potential of emerging technologies, including
artificial intelligence, advanced Geographic Information Systems (GIS), immersive virtual environments,
and digital mapping platforms, for supporting competence-oriented learning in geography education.

Conclusions

This study examined the effects of integrating project-based learning and digital technologies into
a university Cultural Geography course on the development of students’ cultural competence. The find-
ings indicated that students who participated in the intervention demonstrated greater improvements in
cultural knowledge, cultural sensitivity, cultural skills, and cultural interaction than those who received
conventional instruction. The qualitative findings further suggested that project-based activities, cultural
mapping, collaborative learning, and the use of digital technologies contributed to students’ engagement
and intercultural learning experiences.

The results suggest that combining project-based learning with digital technologies may provide an
effective pedagogical approach for supporting competence-oriented learning in Cultural Geography. By
engaging students in authentic geographical inquiry and collaborative problem-solving, the instructional
approach created opportunities for connecting theoretical knowledge with real-world cultural contexts.
These findings are consistent with current educational priorities that emphasise active learning, intercul-
tural understanding, and the development of transferable competencies in higher education.

From a practical perspective, the study provides an example of how Cultural Geography courses
may be redesigned to integrate project-based learning and digital technologies in ways that support stu-
dents’ cultural competence. The proposed instructional approach may also be relevant for curriculum
development in geography teacher education and related fields that emphasise cultural diversity, sustain-
ability, and global citizenship.

Several limitations should be acknowledged when interpreting these findings. The study was con-
ducted with a relatively small sample from a single higher education institution using a quasi-experimental
design over one academic semester. Therefore, the findings should be interpreted with caution and should
not be generalised beyond similar educational contexts without additional empirical evidence.

Future research should examine the effectiveness of this instructional approach across different
universities, cultural settings, and academic disciplines. Longitudinal studies involving larger and more
diverse samples would provide a better understanding of the long-term development of cultural compe-
tence. In addition, future research could explore the potential of emerging technologies, including artificial
intelligence, immersive virtual environments, and advanced geospatial tools, to further support compe-
tence-oriented learning in Cultural Geography.
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Appendix A
Table A1. Week-by-week instructional framework
Week Topic PBL Activity Digital Tool  Learning Outcome
1 Introduction to Cultural Geography Formation of project Moodle Understand course objectives
groups
2 Cultural landscapes Field observation GIS |dentify cultural landscapes
3 Cultural mapping Digital cultural map ArcGIS/QGIS Develop spatial thinking
4 Regional identity Community investigation Google Earth Analyse regional identity
5 Cultural heritage Photo documentation Cesium Visualise heritage sites
6 Cultural diffusion Simulation NetLogo Model diffusion processes
7 Population and culture Scenario modelling AnyLogic Analyse human-environment interaction
8 Interim project presentation Peer feedback Canva Improve collaboration
9 Ethnocultural regions GIS analysis ArcGIS Interpret spatial patterns
10 Sacred places Field mapping Cesium Digital heritage representation
" Cultural conflicts Case study NetLogo Problem solving
12 Sustainable cultural development  Project work GIS Integrate SDGs
13 Digital storytelling Video preparation Canva Communication skills
14 Final project Presentation PowerPoint  Project defence
15 Reflection and evaluation Portfolio & reflection LMS Reflect on competence development

Table A2. Project assessment rubric

Criterion Description Weight (%)
Project quality Completeness, organisation, and originality of the project 30
Cultural analysis Accuracy and depth of cultural-geographical analysis 25
Use of digital technologies  Appropriate use of GIS, NetLogo, AnyLogic, Cesium, and other digital tools 20
Presentation Clarity of oral presentation and visual communication 15
Reflection Critical reflection on learning outcomes and cultural competence development 10
Total 100
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Abstract: This paper introduces a new scale in the social sciences that combines two types of measurements: a binary
choice and a relative interval measurement consisting of 10+10 intervals. The scale’s relative interval nature allows for dif-
ferentiation between intervals of 10£10, expressed based on the principle of deciles. This approach provides a more nuanced
differentiation between degrees compared to traditional Likert scales. The paper also discusses a coding method and includes
graphical representations of the data. An important aspect of the scale is its capacity to categorize responses into positive and
negative attitudes (NEGATT and POSATT), enabling separate descriptive and inferential statistical analyses.

Keywords: binary choice, intervals, measurements, new scale, social science.

Introduction - In memory of Rensis Likert, back in 1932

Social sciences, with their habitus and the complexity of the phenomena being investigated, are
extremely complex in terms of the generalizations and assumptions that follow from research results. A
series of challenges arise, such as the influence of several factors on the object of measurement (de-
pendent/dependent variables) and the weak power of their control, the complexity/entanglement of the
bio-psycho-social structure of a person and its manifest features in social phenomena and relationships,
the problem of objectivity, bias, incoherence, implausibility, non-nomothetic, reliability, etc. From a meth-
odological perspective, these challenges can make research in the social sciences uniquely complex.
The lack of fundamental research is a key reason why social sciences lag behind medical, technical, and
natural sciences, frequently struggling to keep pace with modern development trends. One could argue
that social sciences are inherently challenging to explain objectively and reliably. Are they scientifically
trustworthy? A significant advancement in establishing the scientific credibility of social sciences has been
the development of a dominant scale for measuring attitudes: the Likert scale.

American social psychologist Rensis Likert, who was a faculty member at the University of Michi-
gan from 1946 to 1970, developed a rating scale for measuring public attitudes toward international rela-
tions as part of his doctoral dissertation in 1932. The primary goal of this scale was to create a scientific
method for assessing attitudes. Since its creation, the scale has garnered significant interest and has
been applied in various scientific disciplines.
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An American doing business in China should be willing to abide by
Chinese law.

Strongly Strongly
Approve Approve Undecided Disapprove Disapprove
(5) (4) (3) (2) (1)

We should use military force in South America whenever needed to
protect American investments.

Strongly Strongly
Approve Approve Undecided Disapprove Disapprove
(1) (2) (3) (4) (3)

Figure 1. The original form of the Likert scale looks like this (Likert, 1932, p. 20)

Scholarly debate about the scale has continued for over half a century, with one of the key disputes
being:

Is the Likert scale exclusively ordinal?

If it is exclusively ordinal, then we cannot use parametric, but exclusively non-parametric tests
(Bishop and Herron, 2015). However, in the social sciences, we often use parametric tests on an ordinal
type scale where they cannot be used. Accordingly, it is crucial to understand the implications of this mis-
use, as it can lead to misleading results and interpretations. Researchers should be cautious and ensure
they select the appropriate statistical methods that align with the scale of measurement to maintain the in-
tegrity of their findings. Accordingly, Jakobsson (2004) analyzed 166 full-length articles from the 2003 edi-
tions of Cancer Nursing, Scandinavian Journal of Caring Sciences and Nursing. Studies were reviewed
for their use of ordinal data. The author concluded that ordinal scales were utilized in approximately one-
third of the articles. However, only about half of the analyses of the ordinal data were conducted using the
most appropriate statistical approaches (table 1).

Table 1. Ordinal data in the article (Ibidem, 438)

Journal n Appropriate presentation (%)  Appropriate analysis (%)
Cancer Nurs 17 53 38
Scand J Caring Sci 16 69 93
Nurs Res 18 28 38
Total 51 49 57

Although Jakobsson’s (2004) study focused on medicine and nursing, a broader investigation in the
social sciences could reveal interesting findings about authors’ use of parametric tests on data collected
using ordinal scales. This is because analyzing data collected on an ordinal scale using parametric tests
is inappropriate (Pett, 1997; Lewis and Traill, 1999; Selimovi¢, Opi¢ and Selimovi¢, 2023). On the other
hand, Carifio and Perla (2007) discussed urban legends and ten myths about the Likert scale, providing
logical counterarguments as antidotes. According to the authors, Myth 6 states that because the Likert
scale is ordinal, only non-parametric tests can be used with it. They argue that this belief is incorrect, citing
a Monte Carlo study that indicates that the F-test/ANOVA is highly robust even when the assumptions of
using an interval scale are not met (Glass, Peckham, and Sanders, 1972). Supporting this interpretation
is the viewpoint expressed by Harris (1975):

“A number of authors... have pointed out that statistical conclusions are valid when-
ever the distributions of numbers from which the data are sampled meet the assumptions
(typically, normality and homogeneity of variance) used to derive the particular techniques
being applied, irrespective of the measurement process which generated those numbers.
Moreover, the validity of parametric statistics... is often affected very little by even relatively
gross departures from these assumptions”

Allen and Seaman (2007) indicate that combining Likert scales into indices contributes to the value
and variability of the data. In this case, if the assumption of normality of the distribution is met, parametric
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statistics can be used. Tanujaya, Prahmana, and Mumu (2022) believe that the Likert scale becomes an
interval scale when data generated are composite scores derived from multiple items. They also state
that the Likert scale can also be used for parametric tests such as correlation, regression, z-test, t-test,
ANOVA, Structural equation modeling, and Factor analysis (also sum, mean, and standard deviation) (p.
97). Guerra, Gidel, and Vezzetti (2016) avoid giving a definitive answer to whether parametric tests can
be applied to Likert scale data, referencing Adams, Fagot, and Robinson (1965):

“‘Nothing is wrong per se in applying any statistical operation to measurements of
given scale, but what may be wrong, depending on what is said about the results of these
applications, is that the statement about them will not be empirically meaningful or else that
it is not scientifically significant” (p. 100).

What is the optimal number of points on a Likert scale?

The five-point Likert scale is the most commonly used, but there are varying opinions on the ad-
vantages and disadvantages of the number of categories or levels in the scale. According to Yaska and
Nuhu (2024), who analyzed measures of central tendency and variability, the 5-point Likert scale is the
optimal choice when compared to a 4-point Likert scale. Chang (1994) compared the validity and reliability
of 4-point and 6-point Likert scales. In an empirical approach, different measurement models were fit by
confirmatory factor analyzes of a multitrait-multimethod covariance matrix. The results showed lower reli-
ability (heterotrait-monomethod coefficients) with the 6-point scale than with the 4-point scale, but when it
comes to validity, there was no difference between the 4-point and 6-point scales.

Conjunction results of research on the influence of the number of scale points on measurement
capabilities (reliability) are contradictory. For example, Brown, Widing and Coulter (1991) analyze the
SOCO scale and conclude that “(...) the reduction in scale points and accompanying anchors did not lead
to any reduction in the scale’s measurement capabilities” (p. 350).

Research shows similar results about how the number of scale levels does not substantially affect
psychometric properties (reliability, validity): Finstad (2010), Nunnally and Bernstein, (1994). However,
McCallum, Keith and Wiebe (1988), Boote (1981), Hernandez, Mufiiz and Garcia Cueto (2000), Moreno,
Martinez and Mufiiz (2004), Mufiiz, Garcia-Cueto and Lozano (2005) show the opposite, that is, how the
number of levels (points) on a scale affects psychometric properties. Lozano, Garcia-Cueto, and Mufiz
(2008) found that increasing the number of points on a scale enhances both validity and reliability. They
observed that when a scale has fewer than four points, both reliability and validity tend to decrease. The
authors concluded that while increasing the scale beyond seven points does not significantly improve
validity and reliability, the optimal number of response options lies between four and seven. Leung (2011)
investigated some psychometric properties of 4,5,6, and 11-point Likert scales on a sample of 1217 stu-
dents in Macau. There were no significant differences found in the internal structure regarding means,
standard deviations, item-item correlations, item-total correlations, Cronbach’s alpha, or factor loadings.
The results suggest that increasing the number of scale points helps reduce skewness, with the 11-point
scale (ranging from 0 to 10) showing the lowest kurtosis and being closest to a normal distribution. Only
the 6- and 11-point scales align with normal distributions based on Kolmogorov-Smirnov and Shapiro-Wilk
tests. The findings on predictive validity are inconclusive. This article recommends adopting an 11-point
scale, as it enhances sensitivity and approximates interval-level measurement and normality.

The optimal number of categories on the Likert scale in the literature varies. It ranges from the
dichotomous feature (2) to 3 categories, then 4 with the argument of avoiding anchoring neutral values (or
without it), 5 (the most common category in social sciences), 6, 7, 9, 11 categories, and more. Moreover,
Garner (1960) concludes that “ information transmission measures, after correction for sampling bias,
show a small but definite increase in discrimination up to the 20 categories used” (p 352).

An intriguing research study by Miller (1994) demonstrates:

“What about the magical number seven? What about the seven wonders of the world, the seven
seas, the seven deadly sins, the seven daughters of Atlas in the Pleiades, the seven ages of man, the
seven levels of hell, the seven primary colors, the seven notes of the musical scale, and the seven days
of the week? What about the seven-point rating scale, the seven categories for absolute judgment, the
seven objects in the span of attention, and the seven digits in the span of immediate memory? For the
present, | propose to withhold judgment. Perhaps there is something deep and profound behind all these
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sevens, something just calling out for us to discover it. But | suspect that it is only a pernicious, Pythago-
rean coincidence” (p. 351).

The author suggests, albeit in a poetic manner, that a scale of 7 points, with @ margin of plus or
minus two, is optimal. Additionally, the findings of Green and Rao (1970) indicate that expanding the scale
beyond 7 points (response categories) is unnecessary.

Preston and Colman (2000) examine the reliability, validity, and discriminative power of various
point scales. The results showed that scales with two, three, and four response categories performed
poorly across various indices of reliability, validity, and discriminating power. In contrast, scales with more
categories, up to seven, showed significantly better results. While internal consistency remained similar
across all scales, test-retest reliability tended to decrease for scales with more than 10 response catego-
ries. Respondents expressed the highest preference for the 10-point scale, followed closely by the 7-point
and 9-point scales.

Schrum, Johnson, Ghuy, Gombolay (2002) suggest a scale of 5-9 points as a rule of thumb; less than
5 or more than 9 points cause a lack of precision. Aybek and Toraman (2022) compare 3-point, 5-point, and
7-point Likert scales. They conclude that the 5-point scale provides greater reliability than the 3-point scale,
while there is no significant difference in reliability between the 5-point and 7-point scales. Therefore, they
recommend using the 5-point scale as the best option. De Vellis (2003) states that a scale with a neutral
value can lead to ambiguity in the interpretation of data (strongly disagree, disagree, somewhat disagree,
somewhat agree, agree, and strongly agree). The authors Pearson, Lacombe and Khatun (2024) conclude
the opposite, outlining that overlooking/ignoring a “neutral” category can result in flawed inferences, which
can impede the advancement of personal finance research (can lead to biased estimates).

Increasing the number of points on a scale can lead to greater variability, particularly in small sam-
ple sizes. This may violate the assumptions of a normal distribution (such as the coefficient of variability)
and can also impact the asymmetry of sampling distributions. While a higher number of scale points does
not always lead to increased variability, especially when respondents’ attitudes are highly polarized, it
can result in a U-shaped distribution. Another significant issue with expanding the Likert scale is that it
becomes difficult for individuals to clearly distinguish between certain points or categories in a semantic
context. As the number of scale points increases, cognitive differentiation becomes problematic.

The limitations of the Likert scale can be summarized as follows (Jamieson, 2000):

1. The response categories in Likert scales are ordered, but the intervals between the values should
not be assumed to be equal.

2. ALikert scale is inappropriate for parametric tests (based on the mean and variance/standard devia-
tion).
3. Treating ordinal scales as interval scales can be very controversial.

4. It has become a common practice to treat Likert-type categories as if they represent interval-level
measurement.

We can also expand this to:
5. Giving socially desirable answers (especially when it comes to semantic categories).

6. Tending to give middle/neutral values (if the number of degrees on the scale is odd, id est. if it has a
neutral value - the midpoint of “neither agree nor disagree”(Chyung et al., 2017).

7. Confusing semantic differences of opposing categories (e.g., category 2 — | partially disagree vs
category 4 — | partially agree). Statistically, it is a huge difference, but in a normative linguistic state-
ment, this is almost the same, because if | partially agree then | also partially disagree. How much is
partially positive greater than partially negative?

8. Unnecessary avoidance of non-parametric statistics - avoidance of categorical dichotomous/ trichot-
omous/ polytomous variables (not rank). In medicine, for example using procedures like Odds ratio,
probability, Log Logistic, Cox, Logit, and probit regression... gives extremely useful data/predictions
(compared to survival analysis Kaplan Meier...)

One of the challenges of the Likert scale is bias. When the variables are in the format of positive
answers, it is possible to expect a bias towards positive preferences. Then, the negation concept is often
introduced with the aim of bias control. However, this can be counterintuitive, as it requires greater cogni-
tive engagement and can lead to an increase in errors. One solution, according to Friborg Martinussen
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and Rosenvinge (2006), is to use Osgood’s Semantic differential (1952). The authors compare the Likert
scale and the semantic differential on a sample of 334 students and conclude that the semantic differential
affects the reduction of bias, i.e. there was a reduction in variance, internal consistency, and a better fac-
tor structure was obtained in the case of using the semantic differential (at the same time, there was no
lowering of psychometric quality). However, the Semantic Differential cannot be considered a Likert scale
because it uses bipolar antonyms (Verhagen, van den Hooff and Meents, 2015).

Uebersax (2006) elaborates on the most common mistakes in the use of the Likert scale and states
the problematic nature of defining the Likert scale (e.g., when a scientist says that he used a Likert scale,
itis not clear what is meant by that term). The author states that the Likert scale never refers to a separate
variable but to a set of several variables whose responses are added together and give an average total
result on the subject of measurement. Additionally, Uebersax (2006) postulates that a rating scale produc-
ing ordered category data (e.g., How often do you smoke cigarettes? 1. Never; 2. Once in a while; 3. 1-5
cigarettes per day; 4. More than 5 per day) is not a Likert scale. One of the ways to overcome the problem
of the Likert scale is, according to Anjaria (2022), deploying the Z-number in conjunction with the Likert
scale. The author introduces an algorithm for deriving Z-numbers from Likert scale data. It also explains
how these concepts can be applied to convert Likert scale responses into Z-numbers.

Presentation of a new scale in social sciences

The scale consists of two levels. The first level is a binary outcome (dichotomous) where the re-
spondent circles agree/disagree, or yes/no. The second level consists of the respondent assessing the
intensity of the binary choice on a 10+10 point scale, expressed on the principle of deciles. The scale
diagram is presented in Figure 2.

max max

10 NOT AGREE AGREE 10

1.0 ]

L~ "\.
max max

Figure 2. Binary-relative interval scale

The scale comprises a total of 20 intervals: 10 associated with the option “NOT AGREE” and 10
with the option “AGREE.” Unlike traditional Likert scales, this scale does not include a neutral midpoint,
as respondents do not have the option to indicate that they neither agree nor disagree.

However, a midpoint does statistically exist. For example, if the frequencies for the “NOT AGREE”
and “AGREE” intervals are equal, the mean, mode, and median (MCT) would all equal 2, indicating a bal-
anced position. In this scenario, a value of 2 suggests a state of ambivalence, reflecting both agreement
and disagreement, thus representing an absence of a definitive positive or negative attitude.

The coding of the scale involves subtracting 2 for each instance marked as “Not AGREE” and add-
ing 2 for each instance marked as “AGREE.” This process can be represented as follows: for each marked
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value of intensity “Not AGREE,” we use x - 2, and for each marked value of intensity “AGREE,” we use x
+ 2. The graphical representation of this coding is illustrated in Table 2.

Table 2. Coding scale
Not agree (NEGATT) Agree (POSATT)

X Initial

scale values 1 09 08 07 06 05 04 03 02 01 01 02 03 04 05 06 07 08 09 1

2- (x) 24X
Codedvalues 1 1,1 12 13 14 15 16 1,7 18 19 21 22 23 24 25 26 27 28 29 3

After coding, we got a rating scale from 1.0 to 3.0. The interpretation of the numerical values on
the scale represents the intensity of the attitude (figure 3).

10 1,1 1,2 13 14 15 1,6 1,7 1,8 1,9 21 2,2 23 2,4 25 2,6 27 2,8 2,9 3,0
|EHH“:IE':I::;:MWE|IMGDER:§:}LP[‘)§GATNEIl Lo:f#in%n;éw “ Ln::::ﬁ;r:: I MODET.I;%:DPE)EWWE |EKT‘EE:I:III.;::E5ITIVEI

Figure 3. Intensity of the attitude

The new scale does not have an explicitly defined neutral value. However, we can determine a
neutral value by calculating a measure of central tendency, such as the mean. For instance, if respond-
ents have the same frequency across all intervals (degrees), for example, f (1)=1, f (1.1)=1, f (1.2)=1, f
(1.3)=1, and so on until f (3)=1, then the mean would equal 2.00. In this scenario, the median would also
be 2, and the skewness would be 0, indicating a neutral attitude. Statistically, values within the range 1,9
< x < 2,1 indicate a neutral midpoint, representing the absence of a specific attitude neither positive nor
negative (see figure 4).

Invisible midpoint

I

1,7 1,8 1,9 2,1 2,2 2,3

LOW NEGATIVE LOW FOSITIVE
I ATTITUDE I I ATTITUDE I

Figure 4. Invisible midpoint of scale

Advantages of the scale

In contrast to a regular Likert scale, our proposed scale has several advantages including:

1. Generating a binary outcome (discrete) in a form (yes-no, agree-not agree) suitable prior for non-
parametric tests/approaches (e. g. logit and probit regression, Bayesian inference, Fisher’s exact
test, descriptive statistics for binary data, Log-linear...). Binary variables are cost-effective, easier
to understand and interpret, and require less cognitive effort. They simplify decision-making and are
less influenced by cultural differences that can arise when using a scale with multiple degrees of
agreement or disagreement. Additionally, the binary choice format (such as agree/disagree or yes/
no) promotes simplicity and helps streamline generalizations.

2. Existence of double measurement: binary outcomes (agree/not agree; yes/no) and additional rela-
tive interval measurement as extended measurement. The assumption is that respondents can
relatively well distinguish 10 degrees (intervals), the intensity of agreement (disagreement) with a
certain statement. The new scale is based on 10 relatively identical intervals that represent centiles,
and it is easier for the respondent to distinguish the intensity on a scale up to 10 than, for example,

www.ijcrsee.com
362


www.ijcrsee.com

Opic, S. (2026). ANew Scale in Education (Social Science), International Journal of Cognitive Research in Science, Engineering
and Education (IJCRSEE), 14(2), 357-372.

to 7 or 8. It is better and more precise to distinguish using 10 parts (deciles) because it is based
on tens (10,20,30...). No, of course, this is conditional and the term relatively interval scale is used.
Introduction of 10 intervals (deciles) separately for negative and positive attitude of impact on meas-
urement precision. For example, Figure 5 shows the graphical distribution of responses to variable
V1 (empirical part) using the Likert scale and the new scale. The introduction of 10 intervals (deciles)
for both negative and positive attitudes improve the precision of measurement. For instance, Figure
4 illustrates the graphical distribution of responses to variable V1 (empirical part) using both the
Likert scale and the new scale.

100
&0

)

Count

40

20

Figure 5a. Likert

Count

12 13 14 15 16 18 19 21 22 23 24 25 26 27 28 28 30
VAINT

Figure 5b. New scale

Figure 5a (Likert scale responses) illustrates the distribution of responses to variable 1. The re-
sults indicate that: 1 respondent completely disagrees, 16 respondents partially disagree, 46 respondents
neither agree nor disagree, 94 respondents partially agree, and 32 respondents fully agree with the state-
ment: “In most ways, my life is close to my ideal.” The distribution of responses for the same variable on
the new scale involving the same respondents, is presented in Table 3.
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Table 3. Distribution of variable V1INT (new scale)

Value f INTENSITY of attitude
1,0-1,2 1 Extremely negative attitude
1,3-1,6 10 Moderately negative attitude
1,7-1,9 3 Low negative attitude
2,1-2,3 7 Low positive attitude

2,4-2,7 74 Moderately positive attitude
2,8-3,0 93 Extremely positive attitude

In this example, the improved precision of the measurement is evident. On the Likert scale, 46 sub-
jects reported a neutral value of 3, which is not reflected in the new scale. For the variable 11 (Likert), the
arithmetic mean is 3.7. On a 5-point scale, this value can be challenging to interpret regarding intensity;
instead, measures such as mode or median may be more appropriate. In contrast, the new scale yields
a mean of 2.6, which accurately represents a real value, id est. a moderately positive attitude within the
statistical set. However, it's important to note that the larger range of intervals on the new scale can result
in extreme values that distort the arithmetic mean. Therefore, the new scale is recommended, particularly
when dealing with large sample sizes.

3. The scale values, after coding, are expressed with one decimal place, enhancing the precision of
the measurement.

1 11 12 13 14 15 16 17 18 19 21 22 23 24 25 26 27 28 29 3

The proposed scale enhances the accuracy of descriptive statistics, as the calculated arithmetic
means reflect actual values on the scale, rounded to one decimal place. For instance, if the mean is 1.63
(NEGATT), the value 1.6 is a valid point on the scale, meaning the mean is a real, measurable value
rather than an abstract one.

4. The ability to perform differential statistical presentation and analysis for each binary choice ‘Not agree’
(NEGATT for negative attitude) or ‘l agree’ (POSATT for positive attitude), as illustrated in Figure 6.

Histogram

Frequency

NEGATT

Histogram

Frequency

Figure 6. Distribution (normal) for NEGATT and POSATT
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5. The invisible midpoint occurs between the ranges of NEGATT (0.1-1, coded 1-1.9) and POSATT
(0.1-1, coded 2.1-3), with the coded value 2 representing the invisible midpoint

6. The probability of missing responses is reduced because the respondent is presented with a clear bina-
ry choice, unlike in the Likert scale. This binary format requires less cognitive effort from the respondent.

Empirical part

To gain insight into the descriptive characteristics of the new scale, a study on life satisfaction
was conducted with a sample of 190 students at the University of Zagreb. The respondents completed a
modified version of the Satisfaction with Life Scale (SWLS) using a 5-point Likert-type scale. They then re-
evaluated their level of agreement with the same variables, this time using the new scale, which included
a total of 12 variables.

The descriptive characteristics of all 12 variables on the new scale show that the coefficient of
variation (CV) is lower than that of the Likert scale. This indicates better consistency and less variability,
meaning that the mean is a more accurate representation of the actual values. Additionally, the standard
errors of the arithmetic means are smaller, suggesting that the sample means more accurately reflect
the population values. As a result, the confidence intervals are narrower due to the smaller standard
error (SE), leading to greater certainty about the estimates. Similarly, a reduction in the standard error
enhances the power of the statistical tests, thereby decreasing the likelihood of a Type Il error. Moreover,
the arithmetic mean values represent the actual values (to one decimal place), which is often not the case
with the Likert scale. Although the values of skewness and kurtosis are higher, they remain within the ac-
ceptable limits according to Kline (2016).

Table 4. Descriptive values of Likert scale and new scale

Range  Minimum Maximum Mean Std. Deviation Covzf?ig't?:rt] of
Statistic ~ Statistic ~ Statistic ~ Statistic ~ Std. Error Statistic Statistic Skewness
11 4 1 5 3,74 ,062 ,858 0,23 -,495
V1INT 1,8 12 3,0 2,64 ,0265 ,3629 0,14 -2,119
12 4 1 5 4,29 ,061 ,840 0,20 -1,344
V2INT 1,8 12 3,0 2,70 ,0244 ,3351 0,12 -2,019
13 3 2 5 4,24 ,057 176 0,18 -,872
V3INT 1,7 1,3 3,0 2,74 ,0218 ,2988 0,11 -2,634
14 3 2 5 4,09 ,061 ,836 0,20 -,559
VAINT 1,7 1,3 3,0 2,68 ,0239 ,3282 0,12 -2,039
15 4 1 5 3,50 ,090 1,236 0,35 -,314
V5INT 2,0 1,0 3,0 2,42 ,0432 ,5914 0,24 -,851
16 4 1 5 4,07 ,068 ,934 0,23 -,810
VBINT 1,9 1,1 3,0 2,68 ,0286 ,3917 0,15 -2,019
7 4 1 5 3,72 ,073 1,003 0,27 -,567
V7INT 2,0 1,0 3,0 2,53 ,0353 ,4842 0,19 -1,580
18 (recoded) 4 1 5 3,53 ,090 1,231 0,35 - 417
VBINT (recoded) 2,0 1,0 3,0 2,23 ,0489 ,6689 0,30 -,403
19 4 1 5 3,44 ,075 1,035 0,30 -,383
VOINT 2,0 1,0 3,0 2,36 ,0420 ,5730 0,20 -,895
110 3 2 5 3,98 ,059 ,807 0,20 -,331
V10INT 1,7 1,3 3,0 2,62 ,0265 ,3616 0,14 -1,683
11 4 1 5 3,18 ,073 1,008 0,32 -,180
VIMINT 2,0 1,0 3,0 2,18 ,0434 ,5914 0,27 -,493
112 4 1 5 2,84 ,087 1,203 0,42 ,357
V12INT 2,0 1,0 3,0 1,99 ,0517 ,7068 0,36 -,021
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V1(I1) In most ways, my life is close to my ideal; V2(12) The conditions of my life are excellent; V3(13) | am
satisfied with my life; V4(14) So far | have gotten the important things | want in life; V5(15) If | could live
my life over, | would change almost nothing; V6(I6) When | watch others live, | feel satisfied; V7(I7) | am
satisfied with my appearance; V8(18) | would be more open to living in a different part of the world; V9(19)
| am happy with my finances;V10(110) A bright future awaits me;V11(111) The educators’ salary will be
enough for me to have a comfortable and happy life;V12(112) | am satisfied with the position of teacher/
educator in society.

The new scale also presents more accurate, precise quantiles (quartiles, deciles) which results in
better interpolation. Table 5 shows the quantile values for the Likert and new scales.

Table 5. Descriptive values of scales

New scale Likert

Vi V2 V3 V4 V5 V6 V7 V8 V9 V10 Vi1 V12 i 12 13 14 15 16 17 18 19 1Mo 1M1 12

Percen- 10 2,29 2,30 2,40 2,39 1,48 2,28 1,60 1,00 1,50 2,10 1,27 1,10 3,00 300 300 300 200 300 200 1,00 200 300 200 1,00
tles 20 2,50 2,50 2,60 2,50 1,70 2,50 2,30 1,10 1,70 2,50 1,50 1,20 3,00 4,00 400 300 200 300 300 100 300 300 200 200
25q1 2,522,60 2,70 2,60 1,90 2,60 2,40 1,10 1,90 2,50 1,60 1,30 3,00 4,00 4,00 4,00 300 300 300 1,00 300 300 300 200

30 2,60 2,70 2,70 2,60 2,24 2,60 2,50 1,20 2,30 2,50 1,71 1,40 3,00 4,00 4,00 4,00 300 4,00 300 200 300 4,00 300 200

40 2,70 2,70 2,80 2,70 2,50 2,70 2,60 1,40 2,48 2,60 2,20 1,50 400 400 400 400 300 400 400 200 300 400 300 200

50 2,70 2,80 2,80 2,80 2,60 2,80 2,70 1,50 2,60 2,70 2,35 2,10 400 400 400 400 4,00 400 400 200 400 400 3,00 300

60 2,802,90 2,90 2,80 2,80 2,90 2,74 1,90 2,70 2,80 2,50 2,40 400 500 500 4,00 400 400 400 300 400 400 3,00 300

70 2,80 2,90 2,90 2,90 2,90 2,90 2,80 2,30 2,79 2,80 2,60 2,60 400 500 500 500 4,00 500 400 300 400 400 4,00 300

7593 2,80 2,90 2,90 2,90 2,90 3,00 2,90 2,50 2,80 2,90 2,70 2,70 400 500 500 500 500 500 400 300 400 500 4,00 4,00

80 2,90 3,00 2,90 2,90 3,00 3,00 2,90 2,50 2,80 2,90 2,70 2,74 400 500 500 500 500 500 500 400 400 500 4,00 4,00

90 3,00 3,00 3,00 3,00 3,00 3,00 3,00 2,70 3,00 3,00 2,80 2,90 500 500 500 500 500 500 500 4,00 500 500 4,00 5,00

In terms of reliability testing, the new scale demonstrated greater reliability, with a Cronbach’s al-
pha of 0.804, compared to a=0.787 for the Likert scale. Additionally, the Intraclass Correlation Coefficient
(ICC) was also higher for the new scale (0.804) than for the Likert scale (0.787).

One of the key advantages of this scale is that it allows for the division of attitudes into positive
(POSATT) and negative (NEGATT) categories. This setup facilitates a detailed analysis of the intensity of
both positive and negative attitudes, rated on a scale from 1 to 10. Additionally, descriptive statistics can
be calculated separately for each category and compared against one another. This approach is espe-
cially useful in economic research, where understanding the intensity of separate attitudes, both positive
and negative, is critical. For instance, in our example referenced as V12INT, respondents are polarized
regarding their satisfaction with the position of teachers and educators in society, with a mean score of
1.99, a minimum of 1, and a maximum of 3. This distribution is not normal. By separating respondents into
POSATT and NEGATT categories, we gain better insight into the nuances of their satisfaction and dis-
satisfaction levels. The binary choice data also reveal that 49.7% of respondents are dissatisfied (do not
agree) with the position of teachers and educators in society, while 50.3% are satisfied (agree). In Figures
7a and 7b, the variable V12INT is displayed, highlighting the separate NEGATT and POSATT groups.

Count
a

10 09 08 07 06 05 04 03 02 01
V12NEGATT
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Count

:
01 02 03 04 05 06 07 08 09 10

V12POSATT

Figure 7a & 7b. NEGATT & POSSAT

Figure 7a illustrates the distribution of the NEGATT variable (V12). For instance, 16 respondents
expressed a disagreement intensity of 8 out of 10 regarding the statement associated with the variable
(V12), while 6 respondents indicated a disagreement intensity of only 2 out of 10 (as shown in Figure 7a). In
comparison, the POSATT variable in Figure 7b shows that 14 respondents agreed with the statement at an
intensity of 6 out of 10, and 11 respondents showed maximum agreement with a rating of 10 out of 10. This
indicates that they are extremely satisfied with the role of teachers and educators in society (see Figure 7b).

In the case of separating respondents into POSATT and NEGATT for a certain variable(s), we
can compare them separately, display descriptive characteristics, calculate the values of MCT, MV, spe-
cificities of sampling distributions, and use statistical tests to test differences and relationships between
subsamples (POSATT and NEGATT). Although the sampling distribution of the variable deviates signifi-
cantly from the normal distribution (attitudes are polarized), separating the distribution of the variable into
NEGATT and POSATT provides the possibility of separate distributions, in this case significantly closer to
the normal distribution; p-p plot (figures 8a, b, c).

Normal P-P Plot of VI2POSATT

Expected Cum Prob

Observed Cum Prob

Figure 8a. P-P plot POSATT V12INT
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. Normal P-P Plot of VI2NEGATT 1 Normal P-P Plot of VI2INT
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Figure 8b. P-P plot NEGATT V12INT Figure 8c. P-P plot V12INT

The introduction of a new scale that includes binary choices is a valuable enhancement, as it allows
for prior non-parametric analysis. In the area of predictive role testing, the new scale has the a priori option
of using binary choice (as a DV) for nonlinear regression; e.g., logistic regression, Probit, Cox PHR..., and
also as an additional relative interval measurement and the possibility of using linear regressions (nonlin-
ear, too). Binary choice scales are extremely useful in a predictive sense and are often used in medicine,
technical sciences. For example, binary choice V7 shows a graph of predicted probability for the variable
age* V7 (figure 9).

Simple Line of Predicted probability by age

1,00000

95000

90000

Predicted probability

85000

50000
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 45 47 48 49

age
Figure 9. Predicted probability

The probability of students aged 20 in the sample being satisfied with their appearance is 83%,
while for students aged 41 who are part-time students, the satisfaction rate is as high as 98%. Predicted
probabilities (log-odds, odds, and probabilities) provide extremely valuable statistical data and should be
utilized more in social science research. However, when using a 5-point Likert scale, the neutral value (3)
complicates the ability to make a binary choice.

The new scale, which considers an interval range of 10+10, allows for the development of more
complex regression models. However, this complexity can lead to issues such as overfitting or the misin-
terpretation of non-linear relationships between variables. Despite these potential challenges, this scale
yields more accurate predictive results than the Likert scale. For instance, the interpretations of beta
values are more precise, and also standardized regression residuals (see Figure 10a, b), which can also
influence other regression parameters.
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Scatterplot
Dependent Variable: V5INT

R? Linear = 0,947

Regression Standardized Residual
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VSINT

Figure 10a. RSR V5*academic grade (New scale)
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Figure 10b. RSR V5*academic grade (Likert)

Conclusion

The new scale offers several advantages over the traditional Likert scale. It incorporates a binary
choice, which is particularly useful for predictive modeling, along with a relative interval scale featuring
10+10 intervals. In social sciences, especially in attitude research, it is not expected that absolute distinc-
tions can be made when assessing the strength of agreement or disagreement. However, respondents
are expected to recognize differences across 10 distinct intervals (NEGATT-POSATT, min-max).

The tolerance for distinction error is +-1 scale interval, i.e., 5% between intervals on a 10+10 scale. Since
the respondent evaluates only one dimension at a given time (agreement or disagreement), but we use a total
scale of 20 intervals, it is reasonable to expect some error in the precision of distinguishing adjacent intervals.

The scale consists of 10 degrees of agreement (POSATT) and 10 degrees of disagreement
(NEGATT). After coding, the scale features 20 rank intervals or degrees (1, 1.1, 1.2, ..., up to 3). This
design allows for high resolution in measurement. Respondents are expected to distinguish between more
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distant points (for example, 8 vs. 10) more accurately than between neighboring intervals (such as 8 vs.
9). Due to the limited ability to differentiate within the 10 degrees, we assume an error of +1 degree on this
scale. When considering the entire 20-degree scale, this error is proportionately adjusted to 5% (1 out of
20). If arespondent estimates the intensity of negative attitudes between 8 and 10, this is likely a more pre-
cise estimate. However, if the choice is between 8 and 9, the potential for error increases because neigh-
boring values are harder to distinguish. This error can impact the fine-tuning of statistical analyses, such as
in reliability calculations or factor analysis. Therefore, the precision is 95%, or there is a 5% probability that
subjects will misjudge the intensity due to difficulty distinguishing between adjacent intervals (Figure 11).

This paper highlights various benefits of the new scale compared to the Likert scale, both in de-
scriptive and inferential statistics. The new scale significantly enhances statistical analysis capabilities by
separating the data set into positive (POSATT) and negative (NEGATT) attitudes. This allows for differential
analyses of positive and negative attitudes and improves prediction modeling. Such capabilities are par-
ticularly valuable in economic research, as they enable separate analyses and comparisons of positive and
negative preferences (NEGATT and POSATT). The dual measurement offered by the scale, including binary
outcomes (agree/disagree; yes/no) along with additional relative interval measurements, expands the range
of statistical analyses available. This can lead to more accurate, objective, and reliable conclusions.

max max
e N 1

A
F\,\ NEGATT POSATT /

min

LO}j9o)8]71)6 NOT AGREE AGREE

LN //

01112 13 14 15 1,6 1,7 1,8 1,9 21 2,2 23 24 25 2,6 2,7 28 2,9 3,0
EXTREMELY NEGATIVE [y MODERATELY NEGATIVE LOW NEGATIVE LOW POSITIVE MODERATELY POSITIVE j | EXTREMELY FOSITIVE
I ATTITUDE II ATTITUDE I I ATTITUDE ATTITUDE ATTITUDE II ATTITUDE I

Figure 11. New scale with coding

It is recommended to use the scale for categories with large sample sizes. Further research on the
new scale is anticipated, taking into account its distinct advantages as well as certain limitations.
Limitations of the new scale

The Likert scale has been the subject of criticism in many scientific journals for decades. Despite this, it
remains dominant in a number of scientific disciplines. The new scale is statistically more justified, more pre-
cise, and more accurate, although there is a need for further research on its advantages and disadvantages.
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Abstract: In order to strengthen the cooperation between humans and machines, empathic artificial intelligence is increas-
ingly emerging as a key player. This cooperation is particularly evident in corporate cybersecurity and digital forensics. Today, thanks
to the inclusion of emotional awareness in artificial intelligence systems, many organizations can more easily monitor the cognitive
load of their analysts during critical security situations. Empathic artificial intelligence in corporate cybersecurity is a new force for
proactive threat detection, compliance and risk management. It helps analysts to respond to constant cyber threats more effec-tively,
and in forensic investigations it offers great support in emotional and behavioral analysis. In this way, in cybercrime inves-tigations,
through the observation of anomalies and their patterns, decisions are made with a higher degree of accuracy. How-ever, this
technology still faces numerous challenges, such as accurately reading emotional cues, protecting sensitive data, and ensuring
ethical management. In any case, well-defined frameworks that promote cooperation between artificial intelligence and humans are
the necessity of the present, in order to remove these barriers. It is undeniable that empathic artificial intelligence has the potential
to create security ecosystems that are more adequate, reliable and above all focused on human needs. Therefore, in the near
future, it will revolutionize the field of corporate cybersecurity operations and digital forensics, but only if it is smartly implemented.

Keywords: empathetic artificial intelligence, human—machine collaboration, corporate cybersecurity, forensic operations,
cybercrime investigation,

Introduction

As Cuff et al. (2014) argue, empathy, or sharing feelings with social others, is essential for both strong
relationships and mental well-being. Brink et al. (2011) define empathy as simply putting oneself in the shoes
of another person by understanding the situations and realities they face. It can foster participation because it
allows a person to put aside their current situation and be open to others (Ashworth and Lucas, 2000). Build-
ing engagement and trust between humans and computers increasingly depends on the ability to personalize
interactions based on the unique characteristics of the user (Baltezarevi¢ and Baltezarevi¢, 2024).

Al is transforming how we go about our day-to-day lives, influencing everything from simple tasks to
more involved decision-making scenarios. One of the most intriguing breakthroughs in this field is the creation
of empathetic algorithms. By merging emotional intelligence (EIl) with cognitive computing, these algorithms
elevate the interaction between humans and machines. This development not only marks a pivotal moment in
Al's evolution but also unlocks new avenues for its use in fields like healthcare, education, and customer ser-
vice, where grasping and responding to human emotions can lead to much better results (Kukreja et al., 2022).

Lately, the role of Artificial Intelligence (Al) in cybersecurity has evolved significantly. It's no longer just
about technical detection and response; we're now looking at the human elements involved as well. Enter em-
pathetic Al, this innovative technology can understand and react to human emotions and thought processes.
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It's becoming a game-changer for security analysts, particularly when they're under pressure. By alleviating
cognitive overload, it helps improve their decision-making skills.

Empathetic algorithms are crafted to tackle the intricate and often nuanced realm of human feelings,
unlike standard algorithms that focus solely on objective data. They do this by merging natural language
processing (NLP), facial expression analysis, voice tone recognition, and other sensory inputs to identify
emotional states (Zhou et al., 2019).

They contribute to fostering more honest interactions by modifying their responses according to the
situation and human feelings (Baltezarevi¢ and Baltezarevi¢, 2025). In many areas, but especially in risky
ones, this collaboration between humans and Al has proven to be very reliable and is considered more effec-
tive than completely replacing humans with artificial intelligence (Bansal et al., 2021).

However, developing human-centred Al models to support people and creating human-facing inter-
faces for people to interact with the Al provide additional challenges for the partnership. For example, when
it comes to Al-assisted writing, we need to develop Al models that produce practical writing recommenda-
tions while also creating human-facing systems that enable users to view, comprehend, and act upon those
recommen-dations at the appropriate moment (Hirsch et al., 2017).

However, even highly skilled demonstrations of empathy have the potential to alienate recipients, and
there is always the possibility of empathic error. Instead, a human-first approach is needed (Main et al., 2017),
as has been done in the field of medicine to understand the effects of physician empathy on patients (Cadiente
etal., 2023). A productive partnership in which Al merely assists, rather than controls, the creative process can
be sustained by establishing explicit rules and responsibilities (Jylkas et al., 2025).

Al has the potential to produce complex malware that can automate time-consuming phishing attempts,
adjust to security precautions, and even carry out deepfake attacks that alter audio and visual data (Hussain
et al., 2021). The increased availability of Al technologies and techniques is lowering the barrier to entry for
hackers, leading to more complex and targeted cyberattacks. A proactive cybersecurity strategy is necessary,
as defensive tactics are constantly changing in the Al realm (Rafy, 2024). Emotional intelligence in artificial in-
telligence can significantly improve human-computer collaboration in identifying cyber threats and ul-timately,
preventing them (Martin, 2022). For this reason, the main goal of incorporating artificial intelli-gence into cy-
bersecurity is to improve the skills of analysts so that they are better able to deal with in-creasingly complex
cyber threats, which have been noticeably increasing recently (Baruwal Chhetri et al., 2024).

Research indicates that Al systems can provide substantial support to digital forensic analysts, assist-
ing them in tasks such as organizing evidence, identifying anomalies, and tracing the origins of threats, all by
inte-grating machine learning with human intuition (Akeiber, 2025). What's more, Al can handle huge amounts
of forensic data much more effectively than traditional methods, while human analysts bring in the necessary
context and legal insights (Dunsin et al., 2024).

This article examines the concept of empathetic artificial intelligence and looks at how it can improve
collaboration between humans and this new technology. There is a particular focus on areas such as corpo-
rate cybersecurity and forensic investigations, and how empathetic Al can improve their processes. We're
about to explore the real-world applications of empathetic Al, focusing on the benefits it offers and the ethical
and practical challenges we might encounter along the way. To steer our discussion, we’ll concentrate on
three main research questions. First, we'll examine how empathic Al systems are being utilized in fields like
corporate cybersecurity, forensic operations, and hu-man-machine interactions (RQ1). Next, we'll look into the
possible benefits of integrating empathetic Al into these areas. This approach could strengthen trust, improve
decision-making, and promote collaboration during challenging investigations and operations (RQ2). Finally,
we'll identify the key technical, ethical, and operational hurdles associated with imple-menting empathetic
Al in corporate cybersecurity and forensic investigations, while also brainstorming solutions to tackle these
challenges without sacrificing that crucial human oversight (RQ3). This review brings together insights from
psychology, human-computer interaction, artificial intelligence, and cyber-security to create a more holistic
framework for developing empathetic Al in human-machine collaboration. We'll also point out existing re-
search gaps and propose future research directions to improve corporate cybersecurity practices, forensic
processes, and the design of Al-assisted investigations.
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Foundations of Empathetic Al and Human-Machine Collaboration in Corporate

Cybersecurity and Forensic Operations

These days, we encounter Al in our daily lives more than we realize. Whether it's snapping photos
on our smartphones, streaming our favorite tunes, or scrolling through social media, Al is often working
behind the scenes. This can lead to a big gap between how often people think they interact with Al and
how often actual Al experts believe they do (Richter, 2025). This difference highlights how crucial it is to
create Al systems that are not only transparent but also easy for users to understand.

One human trait that greatly enhances our ability to communicate and make decisions is emotional
intelli-gence. It encompasses the ability to recognize, understand, manage, and skillfully use emotions
(Ghotbi, 2023). Since it first hit the scene, ChatGPT, an Al chatbot built on a powerful language model
(LLM), has left both researchers and everyday users in awe with its knack for mimicking human-like traits.
One standout trait is empathy, which involves understanding how others feel, viewing situations from
their perspective, and genuinely caring about their emotions (Decety and Cowell, 2014). Thanks to this
ability, modern Al systems can convey social and emotional signals, which can lead to real-world effects.
For example, when Al shows more empathy, it can lead to better user compliance and acceptance of Al
services (Adam et al., 2021). Depending on how Al shows empathy, it can also determine the quality of
interactions (Vossen et al., 2015).

In the world of corporate cybersecurity, empathetic Al can really help connect the dots between
technical alerts and how humans interpret them. Take, for instance SOC that's swamped with a flood of
low-level alerts. An Al system that keeps an eye on the cognitive load of analysts can adapt its support on
the fly: it might downplay less urgent alerts, offer concise insights, or even recommend collaborative triage
when it senses that the team is feeling overwhelmed (as seen in adaptive decision-support frameworks)
(Albanese et al., 2025).

It's essential to make a clear distinction between affective empathy, which involves sharing or mir-
roring someone else’s emotional state, and cognitive empathy, where we understand another person’s
perspective or mental state. While Al systems are primarily concerned with cognitive empathy, humans
generally employ both forms (Hou et al., 2024). This contrast highlights the existing philosophical and
technical limitations of empathetic Al.

Al is now capable of demonstrating cognitive empathy and generating responses that often come
across as empathetic. It's been proven to recognize human emotions (Ong et al., 2019), show facial
expressions (Mishra et al., 2023), and effectively promote empathetic interactions (Sharma et al., 2023),
thanks to significant advancements in how we approach emotional inference. However, Perry (2023)
points out that while Al can mimic empathy, it lacks the ability to convey true concern or to indicate that
the person it's interacting with holds any real significance.

When it comes to forensic operations, empathetic Al is truly a game-changer, delivering benefits
that reach far beyond mere data analysis. By analyzing behavioral cues, tone, and communication pat-
terns, it can help investigators pinpoint potentially malicious insider actions or social engineering efforts.
Rather than just relying on transaction logs, this Al can interpret emotional or hesitant speech and connect
it to known threat models. This evolution allows Al to act as a partner in investigations, enriching the col-
laboration between humans and machines and leading to more insightful and effective outcomes.

More and more people are choosing conversational Al over phone calls, which is one of the key
reasons behind the rise of Al-powered customer service. A survey conducted in 2024 found that 82 per-
cent of consumers preferred chatting with a bot rather than waiting for a customer support representative
to pick up. Even more striking, 96 percent of respondents felt that businesses should really consider
using chatbots instead of relying on traditional customer service (Coppola, 2024). The majority of domain-
specific chatbots used for such interpersonal service settings rely solely on text-based communication via
a webpage or mobile application that people access via their personal devices (e.g., phone, tablet, laptop,
etc.), although some generic conversational Al agents, like Alexa and Siri, use spoken and audio-based
interactions (Pamungkas, 2019).

Natural language processing (NLP) is a field of Al that focuses on how computers and humans
communicate (using spoken or written natural language). It bridges the gap between humans and com-
puters, allowing computers to understand and interpret human language (Jurafsky and Martin, 2024).
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NLP allows designers to carefully assess individual (or micro-level) experiences and expectations by
analyzing consumer input (Jylkas et al., 2025).

In the real world, blending NLP with empathetic Al systems involves juggling various inputs like text,
voice tone, and even facial expressions. The whole process revolves around understanding emotions,
which shapes how responses are formulated. It begins with spotting an emotional state, assessing its
valence and intensity, and then picking or crafting a response that matches a particular empathy strategy
(Akhtar et al., 2025). Research has shown that third parties evaluate manifestations of empathy elicited
with assistance more favorably than human emotions (Ayers et al., 2023). Additionally, through the analy-
sis of mood and user research data, NLP enables designers to assess consumer feedback to understand
their moods, preferences, and desires at the meso level of the service ecosystem (Liu, 2012). NLP helps
develop successful content strategies (by assessing user language patterns and interactions) by ensuring
that communication is us-er-centered and that the different components of the service coherently respond
to user requests (Liddy, 2001).

Successful collaboration requires understanding the dynamics of interaction between Al and hu-
mans. Studies have shown that decision-making and user trust can be largely disproportionate to the ap-
parent definitiveness of Al responses (Zhang et al., 2020). To improve collaborative outcomes, Al systems
must be designed to be trustworthy (Steyvers et al., 2025). Nevertheless, it can be concluded that one
should neither rely too little nor too much on the individuality of Al decision-making. A balanced relation-
ship of human-machine col-laboration will yield the best outcomes.

The learning apprentice model, which is also known as the human-in-the-loop (HITL) approach,
treats Al as a supportive teammate for human workers. This idea posits that Al learns by watching how
humans make decisions and then uses those insights as additional training data. This not only allows Al
to provide assis-tance (in real time), but also helps it learn from a diverse range of human input. In this
way, it potentially allows it to surpass the knowledge of individual team members. With that in mind, the
effectiveness of this learning process largely depends on the expertise of the human team and the avail-
ability of pertinent in-formation (Esteva et al., 2017). This collaboration between Al and humans enables
Al to harness human creativity and empathy, which enhances its capacity to identify emotional cues and
is essential for creating more compassionate user experiences (Jylkas et al., 2025).

Furthermore, the latest developments in multimodal emotion recognition, blending speech, facial
expres-sions, and text, can really enhance an empathetic Al's skill in recognizing analysts” emotional
states on the fly (Alnuaim et al., 2022). By utilizing this multimodal approach, Al systems in SOCs or fo-
rensic teams can more effectively adjust their communication and support based on the human operator’s
emotional and cognitive load, which helps build collaboration and trust.

Researchers took a closer look at a collaborative design that tweaks existing human responses to
make them more empathetic. This is different from the Al-only approach, which involves generating em-
pathetic dia-logue from scratch (Lin et al., 2019). By adding new empathic phrases or replacing existing
low-empathy sentences with more caring alternatives, this design can significantly improve its empathetic
responses (Sharma et al., 2021). Furthermore, once Al is trained to recognize emotions, it can be used
to create pro-grams that react in a helpful and appropriate manner. For example, an Al chatbot designed
for customer support could be trained to detect and address customer frustration. To enhance customer
satisfaction and improve the overall experience, the chatbot might provide additional support, apologize
for any inconven-ience, or connect the customer with a live representative when they become upset. The
public’s acceptance of Al in various sectors largely depends on the trust customers place in it, which is
fostered by these seemingly empathetic Al solutions (Clark, 2023).

This highlights the importance of integrating automated systems with human components (Papa-
konstantinidis et al., 2021). Arecent example showed how human-Al collaboration led to more em-pathetic
peer-to-peer mental health support conversations, as opposed to responses from humans alone (Sharma
et al., 2023). Enabling machines to understand and respond to human emotional states improves the
efficiency, naturalness, and ultimately humanness of interactions. This integration has the potential to
completely transform human-robot interactions, making them more natural and aligned with human needs
and expectations (Kukreja et al., 2022).

A better understanding of how Al can interpret human experiences could be of great help in the
ethical development of this new technology. A good example would be the fact that Al is increasingly be-
ing used in the care of the elderly, to prevent their cognitive decline and at the same time improve their
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quality of life. This is achieved through diverse social interactions and individualized cognitive training
(Balcombe, 2023). By integrating technological, theoretical, and psychological perspectives, these inter-
disciplinary methods highlight the complex nature of self-awareness in artificial intelligence.

Melloni et al. (2014) aimed to develop personal assistants that could understand and predict hu-
man emotions and social interactions. Their study used deep learning (DL) algorithms to identify social
cues and emotional states. The researchers used (unstructured) data from social media, videos, and text
messages for their study. The results ultimately showed that Al assistants can correctly recognize social
interactions and emotional states. Al systems, however, need to build a good relationship with their hu-
man partners to reach their full potential. This will enable harmonious partnerships based on a shared
understanding of thoughts or feelings. Sensitivity and humor, which increase likeability and promote co-
operation by 30% (Short et al., 2010), could improve this relationship (Niculescu et al., 2013).

The combination of empathetic Al and human interaction is a crucial advancement in enhancing
user ex-periences and creating technology that benefits society. By using thoughtfully crafted algorithms
that can grasp and react to human emotions, alongside human insight and ethical considerations, we can
create Al systems that not only assist with daily tasks but also encourage responsible and socially aware
practices. This collaboration between people and empathetic Al opens up a future where technology
aligns with our values and needs.

Exploring Applications and Challenges of Empathetic Al in Cybersecurity

Protecting systems, networks, and data from online threats while maintaining availability, confiden-
tiality, and integrity in the digital sphere is known as cybersecurity. It includes a variety of tools, tactics, and
procedures to reduce risks and protect important assets (Olagunju et al., 2024). Critical infrastructures like
water supplies, petrochemical facilities, nuclear power plants, and transportation infrastructure systems
have all been the subject of cyberattacks in recent years, which have compromised sensitive data and
caused power outages (Pléta et al., 2020).

Al-driven technologies, however, have both advantages and disadvantages when combined with
cyber security. A portion of Al supports cyber resilience, while another component trusses penetration.
Although there is a wide range of research on Al-based applications, security concerns are significantly
more important than preventative measures (Tyugu, 2011). Machine learning (ML) models empower ma-
chines to make predictions or judgments based on a mathematical representation of carefully chosen
data, all without needing explicit programming. To kick off Al in cybersecurity, the initial step is to pre-pro-
cess the data before it's input into the ML models. This method reveals insights into the data by assess-
ing feature im-portance or ranking the key elements, and it's usually quite clear. Grasping how models
make decisions is crucial for these strategies, as it helps ensure that we can make the right calls to spot
any unusual behavior. After the data has been processed and trained, feature engineering helps identify
anomalies or outliers in the dangerous patterns (Wang et al., 2016).

In the world of corporate cybersecurity, empathetic Al can be a game-changer for analysts. It goes
beyond just spotting technical glitches; it also offers insights into potentially risky behaviors that take
human emo-tions into account. For instance, when the number of alerts spikes, an Al system that recog-
nizes cognitive load and emotional stress can help prioritize warnings in a way that eases the burden and
enhances deci-sion-making. This approach strikes a balance between automated detection and human
intuition, which is crucial in high-stakes security situations (Mohsin et al., 2025).

To keep an eye on network traffic, we use intrusion detection systems (IDS) that are designed to
flag any suspicious behavior or policy violations. Conventional IDS typically rely on rule-based methods
and static signatures, which can be limited in their ability to catch new or evolving threats. The game has
changed with the advent of artificial intelligence, particularly machine learning and deep learning, which
empower these systems to identify unusual patterns and adjust to new attack vectors. Conventional intru-
sion detection systems (IDS) mainly rely on static signatures and rule-based approaches. IDS cannot al-
ways detect new threats and its ability may be limited, but with the advent of Al, positive changes have oc-
curred and these new systems can now recognize all unusual patterns and adapt to them in the right way
(Ajibola et al., 2025). Threat intelligence and prediction, to identify possible cybersecurity risks and predict
possible future attacks, involve the collection, processing, and interpretation of data. By automating threat
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detection and pattern identification, Al has significantly advanced this field. For example, Al models using
natural language processing (NLP) can analyze text data from social media to extract useful information to
improve cyber-security preparedness (Zangana et al., 2025). In the realm of forensic investigations, em-
pathetic Al offers a richer analysis of attacker techniques and insider threats. It doesn’t just look at logs or
transaction patterns; it also interprets the emotional and behavioral context surrounding communications
or suspicious activities. By integrating human involvement into the process, the system can recommend
lines of inquiry that balance analytical precision with the human context of incidents, ultimately boosting
both technical effectiveness and the sensitivity of investigations (Schaberreiter et al., 2024).

Today’s security management systems often allow for the recording of suspicious behavior or data
flow from hackers, moving from active defense techniques to more proactive approaches. The technique
of enticing the adversaries is commonly known as “honey pot’, and it helps system analysts obtain cru-
cial data on the attack signatures and strategies of attackers. Honeypot's analysis can also be used to
mimic intrusion detection systems (IDS) or even deflect attacks from important targets (Devi Priya and
Chakkaravarthy, 2023). A huge amount of sensitive (real-time threat intelligence) data can be found in the
data used by the Honey Pot process. Security analysts and forensics can identify new attack patterns by
examining this data (Li et al., 2022).

Whenever Al processes sensitive data for security reasons, privacy concerns arise. Over time, as
Al tech-nologies become more sophisticated, as they can draw complex conclusions from aggregated
data, these concerns have escalated (Hitaj et al., 2017). However, these technologies are constantly
improving, and progress fosters trust and reliability on the digital platform (Anica Popa et al., 2021). But
safeguards for the use of this private information aren’t always the best ones. The integrity of the person
who believes that Al-based technological platforms are reliable may not always be protected by these
procedures (Gupta et al., 2023).

Al can provide significant assistance by identifying and warning about malicious software (mal-
ware), or providing support in conducting cybersecurity training and vulnerability assessment (Karuna-
murthy et al., 2023). The use of large language models (LLM) for intrusion detection or phishing emails
has recently gained significant popularity (Kheddar, 2024). Convolutional neural networks (CNNs) can
extract complex information from high-resolution photographs and contribute to facial recognition with
high accuracy (Ali et al., 2021). Similarly, ML-based behavioral biometrics tracks user behavior, which
may include keyboard typing speed, mouse movement dynamics, or analyzing touchscreen gestures, to
identify patterns or anom-alies that could be signs of fraud (Bansal and Ouda, 2024).

Al cues can easily deceive people into believing they're interacting with sentient beings, which often
leads to the use of learned behaviors and scripts. A recent incident involving a finance employee at a mul-
tinational company in Hong Kong, who was tricked into transferring a staggering $25 million to scammers,
really highlights this problem. During a video call, the scammers posed as the company’s chief financial
officer, using deepfake technology (Murphy, 2024). This scenario really underscores our natural tendency
to trust rather than question, since being skeptical often takes more mental effort (Gilbert, 1991). In simpler
terms, if Al can trigger certain responses in people, they might interact with technology just like they do
with each other, tapping into those learned social behaviors. To make the most of technology, it's crucial
to grasp these cues so we can develop frameworks that encourage its adoption (Kolomaznik et al., 2024).

The potential of empathetic Al in cybersecurity really shines when we look beyond just the technical
side and think about how human operators and users emotionally connect with these systems. Empa-
thetic Al agents can keep an eye on an analyst’s stress levels during an incident, pick up on any confusion
or hesitation in their decision-making, and offer helpful prompts or different perspectives. An Al agent can
identify when a security engineer is stuck (for example, in incident assessment) and offer a simpler and
more efficient explanation (in order to reduce cognitive fatigue), or suggest that the engineer contact a
colleague who can help them make the right decision (Bhatia et al., 2024).

Introducing empathetic Al into cybersecurity practices certainly presents a few unique challenges.
One of the main concerns is making sure that emotional cues are understood correctly. We definitely want
to avoid any misunderstandings, whether they're false positives or negatives. It is vital to maintain human
autonomy, so that Al does not steer our decisions in unwanted directions. In addition, emotional data must
be treated with the same seriousness as, for example, transactional or behavioral data. However, there
is a possibility that malicious actors can provide misleading emotional signals, which can compromise the
monitoring of the system. The way Al is used in advanced social engineering tactics (such as “FraudGPT”
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and “WormGPT”) highlights how fraudsters can exploit technology that mimics human empathy to break
trust and bypass defense systems (Falade, 2023).

Humans and machines must have clear roles, and governance frameworks should specify when em-
pathetic Al can intervene and when it is necessary for humans to take full control. It must also be ensured
that data on emotional reactions is stored and protected from any misuse. Research in this area points to
the idea that collaboration between humans and Al, where empathetic Al provides assistance rather than
taking control, could be a fantastic model for cybersecurity operations (Sarker et al., 2023). As the demand
for explainable Al (XAl) rises in security contexts, it's becoming increasingly clear that empathetic Al sys-
tems need to be upfront about their emotional insights, not just their threat detection abilities (Srivastava
etal., 2022). Findings show that people who interacted with an empathic Al were 20% more likely to follow
its rec-ommendations, highlighting a significant increase in feelings of support and confidence (Liu and
Sundar, 2018). Additionally, Portela and Granell-Canut (2017) looked into how Al's empathetic responses
impacted user interactions. Their findings showed that 68% of users felt more emotionally engaged when
the Al displayed empathy, compared to those who interacted with non-empathetic Al.

Finally, it is important to note that while the technical elements of Al-driven detection, prediction,
and response are undoubtedly vital, the next challenge is to figure out how these systems can better
connect with human users for even greater operational effectiveness. Al when designed with empathy in
mind in cyber-security can truly be a game-changer. This approach allows teams to remain resilient when
the pressure is on. In order to fully exploit this enormous potential, we must confront a complex web of
obstacles along the way. A recommendation for future research is that it should focus on how empathetic
signals in Al monitoring affect the quality of decision-making in SOCs. Also, to create metrics to measure
the effectiveness of emo-tional Al and to develop standardized frameworks in security operations for
managing emotional data.

Discussions

Cooperation between people and machines will be significantly improved in the coming period
through the use of empathic artificial intelligence and will become a higher priority in organisations, and
this will be particularly reflected in cyber security. This advanced type of artificial intelligence is designed
with the primary goal of understanding human emotions and reacting accordingly. These empathic sys-
tems can contribute to reducing the mental effort of employees at times when they are not making the
most adequate decisions, which can be problematic when dealing with environments that function under
high pressure, such as those in security operations centres (SOC) (Mohsin et al., 2025). In any case, by
prioritising during crises that carry security risks, empathic artificial intelligence can help analysts perform
their work tasks more efficiently (Liu and Sundar, 2018).

However, despite the obvious advantages, there are still significant difficulties in this area that
will be overcome over time. For example, the incorrect interpretation of emotional cues represents a
significant obstacle, because their misinterpretation can produce incorrect suggestions that, in addition to
undermining trust, negatively affect efficiency (Hitaj et al., 2017). Furthermore, in practice there are many
cases of malicious people who could misuse empathic artificial intelligence and offer untrue emotional
cues. In that way, they would bypass security measures and influence distorted decision-making (Falade,
2023). In the scientific literature, most research on empathic artificial intelligence in cybersecurity is cur-
rently theoretical or based only on simulations, a fact that points to the need for further research to ad-
dress the practical consequences, reliability and moral implications of these systems (Sarker et al., 2023).

In order to introduce empathetic artificial intelligence, in addition to the moral and technical aspects,
it is essential to establish a culture of cyber security, which will recognise the value of emotional intel-
ligence and be ready to accept the insights of artificial intelligence. Training employees to better under-
stand feedback received through artificial intelligence is key, but care must be taken that over-reliance
on it or misinter-pretation of emotional cues can have the opposite effect. It is also crucial that the human
element remains a priority in collaboration with artificial intelligence (Kolomaznik et al., 2024). Of course,
during analyst training, top priority must be given to emotional literacy in order to encourage fruitful col-
laboration with these systems (Liu and Sundar, 2018). The synergy of emotional intelligence with instant
detection of cyber threats is a new strategy, which aims to overcome fatigue and provide suggestions to
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analysts. This com-bination of humans and technology represents a strategic advantage (Bhatia et al.,
2024), as it improves efficiency, contributes to better and smarter task allocation, and, equally importantly,
shortens incident response times in SOCs (Liu and Sundar, 2018).

Studies investigating this kind of collaboration between humans and artificial intelligence in SOCs
have revealed a worrying trend. It has been observed (although not recommended) that analysts are
increasingly relying on artificial intelligence systems to make decisions, which can cause a risk of over-
burdening and the reduction and dulling of skills. Therefore, empathetic artificial intelligence helps human
analysts, but only as long as it is used in the right way and does not affect their individual situational aware-
ness and does not undermine their decision-making skills (Yaich et al., 2024). All of this indicates that it
will take time for human analysts and parallel developing artificial intelligence systems to adapt to each
other. Recent research has shown that humans working with artificial intelligence can significantly improve
their ability to identify delicate cyber threats (Cohen et al., 2025). Adapting your answers to the way human
analysts think builds trust and ensures consistency in understanding while performance remains high.

Conclusions

In cybersecurity, empathetic artificial intelligence is poised to improve decision-making, build and nur-
ture trust, and increase the resilience of human analysts. These systems reduce cognitive effort and through
human collaboration improve outcomes in high-stress cyber security scenarios by engaging emotional
awareness (Kolomaznik et al., 2024). By reducing fatigue and prioritizing, allowing analysts to concentrate
on the most pressing security issues, empathic artificial intelligence can significantly increase workplace
efficiency (Liu and Sundar, 2018). However, we must overcome a number of organizational, ethical and
technical challenges, including avoiding aggressive exploitation, to fully exploit these benefits.

To fully understand how empathic Al impacts decision-making, future research should focus on its
use in security operations centers (SOCs). Also, collaboration on a common goal between experts from
many fields is necessary for the development of this technology to be appropriate (such as Al and cyberse-
curity experts, but also psychologists and human-computer interface experts). This is the only right path to
a balanced development of empathic Al that will not only improve security, but will also be in line with both
human values and operational needs. In any case, the potential of this technology to significantly advance
the field of cybersecurity is undeniable, primarily by building better interactions between humans and Al
through careful consideration of its design and management.

Modern organizations facing real and potential cybersecurity challenges should definitely consider
using agent-based or empathetic artificial intelligence systems in the coming period. These systems must
be flexible enough to adapt fully to the analyst’s mental states as well as the number of alerts. This field
(human-technology collaboration at an empathetic level) is still in its early stages of development and further
scientific studies are needed to better understand the long-term impacts of these systems on human com-
petence, self-confidence, short-term productivity gains and, perhaps most importantly, cognitive resilience.
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Abstract: The abuse of artificial intelligence in the creation of pornographic content represents a modern form of socially
dangerous behavior that requires an adequate criminal law response and an interdisciplinary approach. The development of generative
technologies has enabled the creation of highly realistically manipulated or completely synthetic content, which opens up new types
of violation of the right to privacy, dignity and personal safety. These forms of abuse include the use of “deepfake” technology, the
digital manipulation of existing visual materials, as well as the generation of content that imitates real people without their knowledge
or consent, thereby further complicating the determination of responsibility and the protection of victims. The current criminal legal
framework is based on the protection of sexual freedom, honor and reputation, as well as the protection of minors, whereby the
question of its normative completeness and effectiveness in the context of accelerated technological development and new forms
of digital violence is raised. In addition to the legal aspect, this phenomenon is also characterized by pronounced psychological and
victimological effects, which are reflected in the impairment of mental health, the feeling of stigmatization, the loss of a sense of
security and the long-term consequences for the social functioning of the victims. The work is methodologically based on a theoretical
analysis of relevant positions in domestic and foreign literature, a normative analysis of valid legal regulations, as well as on empirical
research conducted among students using the survey method. Descriptive analysis was used in the processing and interpretation
of collected data, with the application of inductive and deductive methods in order to draw conclusions. Special attention was paid to
examining respondents’ views on the social danger of this phenomenon, their level of information, as well as the perception of the
need to improve criminal law regulations. The aim of the work is to point out the shortcomings of the existing criminal legal framework,
as well as the need for its normative improvement and the development of more effective preventive and protective mechanisms.

Keywords: artificial intelligence, deepfakes, pornographic content, criminal protection, psychological consequences, prevention.

Introduction

The development of artificial intelligence in the last decade has brought significant innovations and
improvements in numerous areas of social life, from medicine and education to security and industry.
However, in parallel with the positive effects, this technology also opened up space for new, sophisticated
forms of abuse that represent a serious challenge for modern legal systems and “at the same time opens
up new questions and dilemmas for the scientific and professional public” (Cu€ilovi¢, 2024, p. 325). One
of the particularly worrying phenomena is the use of artificial intelligence in the creation of pornographic
content, especially in situations where such content is produced and distributed without the knowledge
or consent of the persons depicted in it. It should be said that pornographic content has been present
and available to users since the very beginnings of expansive technological development (Stardust et al.,
2023; Mink, Qin and Redmiles, 2026). What has drawn additional attention to this problem is the use, that
is, the abuse of the capacity of artificial intelligence in this area. This phenomenon imposes the need for
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an interdisciplinary approach that includes criminal law analysis, as well as victimological and psycholo-
gical aspects of victim protection.

Abuse of artificial intelligence in this context can be defined as the use of algorithms and machine le-
arning models to generate, manipulate or distribute pornographic material in a way that violates basic human
rights, dignity and privacy of individuals. The most prevalent forms of this abuse include the so-called ,deep-
fake” technology, with the help of artificial intelligence, the face of one person realistically fits into the body
of another in explicit video or photo content, then the creation of completely synthetic characters that can be
based on real people or their characteristics, as well as the modification of existing photos and recordings
in order to sexualize them. In addition, a special problem is the cases of the so-called revenge pornography,
where content generated in this way is used as a means of blackmail, intimidation or public humiliation of
the victim, as well as situations involving minors, which further increases the social danger of these actions.

The specificity of the mentioned forms of abuse is reflected in their easy availability, relatively low
technical barriers to execution, as well as the speed and scope of their spread through digital platforms.
At the same time, the anonymity of the perpetrators and the transnational nature of the Internet make it
difficult to identify and prosecute the perpetrators, which represents an additional challenge for the crimi-
nal justice system. More precisely, the very possibility that any form of computer crime is committed in
one country, and that the consequences arise in another country or in several other countries, along with
the mentioned anonymity of the perpetrator, clearly indicates significant difficulties in discovering, proving
and prosecuting the perpetrators (Pisari¢, 2013, p. 292; Baron Quintero, 2023, p. 176; Cucilovi¢, 2026,
p. 64; MatijaSevi¢, 2013, pp. 18-19). In fact, cyberspace as well as virtual reality enables completely new
patterns of action, the basic characteristic of which is global and transnational in scope, which exceeds
the territorial control of national states (MatijaSevi¢ Obradovi¢ and Zarubica, 2019; Hajela, Chawla and
Rasool, 2021; Subotin and Matijadevi¢ Obradovi¢, 2019). The consequences for victims often go beyond
the legal sphere, including serious psychological trauma, feelings of shame, anxiety, depression, as well
as disruption of social and professional relationships (Veljkovi¢, Curci¢ and Gavrilovi¢, 2024, p. 1451).

This phenomenon, however, goes beyond the scope of individual injuries and points to wider social
implications of the abuse of modern technologies. Its reliance on manipulation and the generation of be-
lievable but inauthentic representations raises the question of the boundaries between real and artificially
constructed content in the digital space. In this sense, the mass availability and use of such technologies
contribute to the destruction of trust in the credibility of digital media, deepening the problem of disinforma-
tion and making it difficult to reliably distinguish authentic from generated content (Ranjan, 2023, p. 116).

In modern literature and practice the term “deep nude” is increasingly used to denote a special form
of digitally generated pornographic content created by the application of artificial intelligence. This term
includes exactly visual representations in which, with the help of appropriate algorithms, clothes are re-
moved from existing photos or videos, the generation of a naked human body, as well as the creation of a
believable illusion of nudity. In addition, it is possible to construct completely new digital representations of
naked figures that are visually difficult to distinguish from real persons (Kopecky and Vorac, 2026, p. 545).

Bearing in mind the growing prevalence and complexity of abuse of artificial intelligence in the cre-
ation of pornographic content, as well as its pronounced social and psychological consequences, there
is a need for a deeper understanding of the perception of this phenomenon in modern society. In this
context, conducting empirical research among the student population is of particular importance, since
it is a group that is highly exposed to the digital environment and modern technologies. Examining their
views on the social danger of this phenomenon, the level of information, as well as the need to improve
the criminal law regulation, enables an overview of real social needs and contributes to the formation of a
more adequate normative and institutional response to this modern challenge.

The criminal legal framework and the challenges of the legal qualification of the abuse
of artificial intelligence in the creation of digitally generated pornographic content

The development of artificial intelligence opens numerous issues related to the protection of human
rights and points to the importance of improving criminal law protection in order to adequately respond to new
forms of abuse in the digital environment (MatijaSevic, Becirovic, NikSi¢ and MaSovi¢ Muratovi¢, 2026, p. 38).

The Criminal Code of the Republic of Serbia prescribes the criminal offenses of unauthorized pho-
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tography (Article 144) and unauthorized publication and display of other people’s writings, portraits and
videos (Article 145), which, to a certain extent, can be linked to the creation and distribution of fake digital
pornographic content.

The crime of unauthorized photography from Article 144 of the Criminal Code protects an indivi-
dual’s right to privacy, criminalizing the act of unauthorized photography, film, video or other recording
of a specific person, provided that it significantly intrudes into his personal life. An essential element of
the existence of the act is precisely the existence of a qualified encroachment into the sphere of privacy,
which implies a violation of intimacy that exceeds the usual threshold of tolerance in social relations. In
addition to making the recording itself, the act includes its further disposal, i.e. handing over, showing or
otherwise enabling third parties to become familiar with the recording. A more serious form of this offense
exists when it is committed by an official in the performance of their duties, which further undermines trust
in the legal and responsible exercise of public authority.

On the other hand, the criminal act of unauthorized publication and display of someone else’s file,
portrait and video from Article 145 of the Criminal Code represents a further stage of the violation of the
right to privacy, aimed at unauthorized public disclosure or making available of personal content. The act
of execution consists in publishing or displaying documents, portraits, photographs, films or phonograms
without the consent of the authorized person, where, as with the previous act, it is necessary that such
action leads to a noticeable encroachment on the personal life of the injured party. The protective object
of this criminal offense includes not only privacy in the narrower sense, but also the right to control one’s
own personal data and content related to one’s personality. The qualified form of the act is provided in the
case when it is committed by an official in the performance of his duties, which indicates the increased
social danger of such behavior and the need for its stricter criminal sanction.

Namely, the common constitutive element of these criminal acts is taking actions without the con-
sent of the passive subject, which could be the basis for their limited application in the context of ,de-
epfake” content. However, as the literature points out, this construction is only conditional, since the
consequences produced by the creation and dissemination of ,deepfake” pornographic material, as a
rule, exceed the intensity of the injury associated with ,classic” forms of unauthorized photography or
publication of authentic recordings. It is especially emphasized that the contents are both inauthentic and
highly believable, and that their pornographic nature inevitably leads to serious damage to the reputation
and personal integrity of the persons shown (Mrvi¢ Petrovi¢, 2024, p. 17).

Bearing in mind the legal definition of sexual harassment from Article 182a of the Criminal Code, it
can be concluded that the abuse of artificial intelligence for the purpose of creating and distributing ,de-
epfake” pornographic content would be most appropriate to be legally qualified as this criminal offense,
since such behavior, although technologically mediated, undoubtedly represents a form of unwanted,
humiliating and offensive behavior that encroaches on the dignity of the person in the sphere of sexual life
and creates a hostile environment for damaged person.

The criminal act of sexual harassment from Article 182a of the Criminal Code represents a special
form of protection of personal dignity in the sphere of sexual life, criminalizing various forms of unwanted
sexual behavior. The act of execution includes any verbal, non-verbal or physical action that aims at or
represents a violation of the dignity of another person in this intimate sphere, where it is important for the
existence of the act that such behavior causes fear or creates a hostile, humiliating or offensive environ-
ment. This normatively covers a wide range of behavior, from inappropriate comments and gestures to
physical contact, if the specified qualifying conditions are met. A more serious form of crime exists when
the act is committed against a minor, which reflects the need for enhanced criminal protection of this par-
ticularly sensitive category. The specificity of this criminal offense is also reflected in the procedural legal
regime of prosecution, since for the basic form of the offense, the proceedings are initiated at the proposal
of the injured party, which indicates respect for his will and autonomy regarding the protection of the per-
sonal sphere. However, this procedural regime of criminal prosecution represents an additional obstacle
in qualifying the abuse of artificial intelligence for the purpose of creating and distributing ,deepfake”
pornographic content as a criminal offense of sexual harassment, since it significantly complicates the
realization of effective criminal legal protection. Namely, in practice it is almost impossible for the injured
party to independently identify the perpetrator and provide relevant evidence, especially bearing in mind
the complexity of the digital environment and the need for the application of specialized methods of digital
forensics, which as a rule are available only to competent state authorities (Mrvi¢ Petrovi¢, 2024, p. 17).
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In the context of modern technological challenges, the abuse of artificial intelligence for the purpose
of creating and distributing ,deepfake” pornographic content, when minors are involved in such actions,
can be legally qualified as a criminal offense under Article 185 of the Criminal Code - displaying, obtaining
and possessing pornographic material and exploiting a minor for pornography. This criminal offense en-
compasses a wider range of actions aimed at protecting minors from sexual exploitation, including both
making pornographic content available to a minor, as well as using it for the production of such material,
as well as obtaining, possessing and distributing content resulting from the exploitation of a minor. The
legal definition of pornographic material created by the exploitation of a minor also includes visual repre-
sentations of simulated sexually explicit behavior, which makes it possible to include in the framework of
this criminal offense ,deepfake” content that faithfully portrays a minor in such situations, regardless of the
fact that they are not the result of the actual participation of that person in such behavior. It is particularly
important that the law recognizes and sanctions not only the production and distribution, but also the con-
scious access to such content through information technologies, which seeks to ensure comprehensive
criminal protection of minors against various forms of digitally mediated sexual exploitation.

Current solutions in the Criminal Code do not provide an adequate level of protection, since legal
protection is achieved indirectly, through an extensive interpretation of existing provisions, which results
in its partiality and insufficient comprehensiveness (Dimovski, 2023, p. 172).

Based on the observed normative deficiencies and limitations in the application of existing incrimi-
nations, there is a need for explicit criminal law regulation of the abuse of artificial intelligence for the
purpose of creating and distributing ,deepfake” pornographic content through the introduction of a special
criminal offense. Such incrimination should be conceived in a way that respects the specifics of the digital
environment, including the technical characteristics of generative technologies, the transnational charac-
ter of the execution, as well as the complexity of evidence in cyberspace. At the same time, it is necessary
to foresee an adequate procedural legal framework that would enable effective detection and prosecution
of perpetrators, without excessive reliance on the initiative of the injured party, especially bearing in mind
his factual inability to provide key digital evidence on his own (MatijaSevi¢, Bingulac and Marinkovi¢, 2024,
p.18). The normative solution should provide comprehensive protection of both minors and adults, with a
clear definition of prohibited actions, including the creation, distribution and acquisition of such content,
which would contribute to the improvement of the effectiveness of criminal law protection in conditions of
accelerated technological development.

Bearing in mind the technological nature of digitally generated pornographic content, in addition
to the challenges regarding its criminal qualification and the protection of injured persons, there are also
other challenges related to the identification of victims, bearing in mind that such content often involves
combining the identities of several persons, i.e. the use of the image of one person with the body of
another, without their consent. This raises the issue of multiple violations of personal rights, given that
each of the persons involved may be affected by the unauthorized use of their identity or physical ap-
pearance. Additionally, in situations where the original material is protected by copyright, legal claims by
copyright holders may arise, which further complicates the legal analysis and deviation in such cases
(Meskys, Kalpokiene, Jurcys and Liaudanskas, 2020, p. 28)

Victimology and Psychological Aspects of Abuse

Consideration of the abuse of artificial intelligence in the creation of pornographic content cannot be
limited exclusively to the normative framework, but also requires an analysis of its victimological and psycho-
logical implications. This phenomenon produces specific forms of victimization, given that victims are often
exposed to unauthorized display in a particularly intimate and stigmatizing context, without the possibility of
control over their own identity and its digital representation. The consequences of such actions go beyond
the legal sphere, including serious psychological reactions, but also long-term negative effects on social
and professional relationships. In this sense, understanding the position of the victims and the nature of the
damage suffered is an important basis for designing adequate mechanisms for their protection and support.

Modern applications based on artificial intelligence significantly lower the technical barriers for cre-
ating manipulative explicit photos and videos, which makes these forms of abuse available to practically
every user of digital technologies. As a consequence, the risk increases that any person, not only public
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figures, will be depicted in pornographic content without their knowledge and consent, solely on the basis
of previously available digital photographs. Such unauthorized digital exploitation represents a serious
violation of the right to privacy, dignity and personal autonomy, with victims often suffering intense psycho-
logical consequences, including feelings of humiliation, shame and loss of control over their own identity.
An additional problem is the fact that existing legal frameworks in many legal systems still do not provide
sufficiently clear and effective protection mechanisms, which can deepen the feeling of legal insecurity
and secondary victimization among victims (Delfino, 2019, p. 890).

An additional dimension of the social danger of the abuse of artificial intelligence in the creation of
pornographic content is represented by its rapid and difficult to control spread through social networks
and digital platforms. Once posted, content can be duplicated, shared and redistributed multiple times,
thus deepening and prolonging the victimization of the victim. Bearing in mind that the algorithmic logic of
social networks favors the rapid circulation of visual content, the harmfulness of this phenomenon is not
exhausted by the mere creation of content without consent, but is additionally intensified by its dissemina-
tion in the digital space (Tobing and Yuli, 2026, p. 1302).

An increasing number of empirical studies confirm the extremely unfavorable impact of the abuse
of artificial intelligence on the mental health of victims. The consequences are particularly pronounced
in cases where artificial intelligence is misused to create pornographic content, since such forms of vic-
timization lead to an increased level of anxiety and depression, the development of various forms of ad-
diction, as well as to the impairment of the victims’ self-esteem. At the same time, research indicates the
existence of gender differences, whereby women in such situations show a higher level of emotional and
psychological distress compared to men. These findings further emphasize the need for the development
of gender-sensitive measures in the field of mental health, in order to ensure more effective protection of
particularly vulnerable social groups (Sharma and Malik, 2026, p. 4).

Minors are a particularly vulnerable social group, since the consequences of the misuse of artificial
intelligence in the creation of pornographic content are often particularly pronounced for them and can
permanently affect psychological development and quality of life in adulthood. Prolonged and multiple
victimization can lead to intense feelings of guilt, shame and humiliation, as well as to anxiety, depres-
sion, sleep disorders, a damaged image of one’s own body and identity, difficulties in establishing healthy
emotional and partner relationships, and even to self-harm and suicidal thoughts. At the same time, expo-
sure to such content increases the risk of further manipulation, harassment and sexual exploitation, with
serious consequences for social adjustment, psychosexual development and understanding of the limits
of acceptable sexual behavior (Krishna Borah, Ramaswamy and Seshadri, 2025, p. 110). An additional
form of secondary victimization is reflected in the exposure of minor victims to offensive, humiliating and
sexually explicit comments on such content in the digital space, which intensifies the psychological con-
sequences and deepens the feeling of stigmatization and social isolation (Petrovi¢, 2023, p. 96).

Bearing in mind the seriousness of the psychological consequences that such forms of digital
victimization can cause, it is necessary to provide victims with timely, continuous and multidisciplinary
psychological support aimed at overcoming trauma, strengthening the sense of security, preserving self-
-esteem and preventing long-term consequences for mental health.

The wide availability of sexually explicit content generated by artificial intelligence raises numerous
psychological, ethical and social issues. Continuous exposure to such content can lead to a reduced sen-
sitivity to intimacy, the formation of unrealistic expectations in partner relationships and a weakening of the
emotional response to real interpersonal relationships. At the same time, excessive use of such materials
can encourage the development of behavioral patterns similar to pornography addiction. In addition to
individual consequences, the normalization of synthetic explicit content can contribute to the relativization
of the importance of privacy, consent and sexual autonomy, which opens up broader questions about the
transformation of social values and standards in the digital age (Deckker and Sumanasekara, 2025, p.
627). Therefore, in addition to the consequences suffered by the immediate victims, this type of content
also produces broader social implications that go beyond the individual level of victimization.

In order to prevent the misuse of modern digital technologies, there is a need to improve educa-
tional approaches through the introduction of education about sexuality and the development of healthy
interpersonal relationships, while at the same time strengthening digital literacy. Such an approach con-
tributes to the understanding of the limits of privacy, the importance of consent and the recognition of po-
tential risks, which would reduce the space for misuse of these technologies in the long term (Di Silvestro
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and lurissevich, 2024, p. 189).

Raising awareness about the possibilities of misuse of artificial intelligence for these purposes can
have a significant preventive effect. However, the findings indicate that such activities do not necessarily
lead to the improvement of the ability to recognize ,deepfake” content, but in certain cases can produce a
counter-effect, manifested through an increase in general uncertainty, anxiety and mistrust in digital infor-
mation. In this context, the simultaneous development and strengthening of trust in authentic and verified
content is of particular importance ( Birrer and Just, 2025, p. 6829).

Students’ Perception of The Abuse of Artificial Intelligence for Pornographic
Purposes

In order to assess the attitudes, level of information and perception of abuse of artificial intelligence
for the purpose of creating pornographic content, especially in the context of victimization and potential
psychological consequences for the victims, an empirical study was conducted among the student popu-
lation. The importance of such research is reflected in gaining insight into the way students recognize and
understand this form of digital abuse, as well as in the possibility of a better understanding of the social
perception of the phenomenon, which can contribute to the improvement of preventive, educational and
criminal protection mechanisms. At the same time, the results of the research can serve as a basis for a
critical review of the existing criminal legal framework and consideration of the need for its adaptation to
the challenges brought by the abuse of artificial intelligence in the field of sexually explicit digital content.

Research Sample

The research sample consists of 109 undergraduate students of the Faculty of Law for Commerce
and Judiciary in Novi Sad, University Business Academy in Novi Sad. Participation was voluntary and
anonymous. 47 male students (43%), 60 female students (55%), and 2 students who did not make a
statement have participated in the research. The biggest deviation was observed among second-year
undergraduate students, where close to 68% were female students.

In the next chart is shown the distribution of students - respondents by gender and year of study ( Chart 1).

20
15
10
s 1
0

First year Second year Third year Fourth year

B Male B Female B N/A

Chart 1.Surveyed students by gender and year of study. Source: Authors’ search

Research Instrument

Pre-prepared and printed survey - questionnaire was used to collect data. Data were collected in
the period March-April 2026. The survey contains questions related to students’ familiarity with the con-
cept of deepfake technology and the possibility of abusing artificial intelligence to create pornographic
content featuring a real person without consent; familiarity with cases where artificial intelligence was
used to create pornographic content utilizing the image of a real person without consent; students’ opin-

www.ijcrsee.com
390


www.ijcrsee.com

Petrovi¢, M., MatijaSevi, J., & Galetin, M. (2026). Criminal Treatment of The Misuse of Artificial Intelligence in The Creation
of Pornographic Content and the Psychological Consequences on the Victim, International Journal of Cognitive Research in
Science, Engineering and Education (IJCRSEE), 14(2), 385-397.

ions about the social dangerousness of the creation of pornographic content using artificial intelligence
without a person’s consent; students’ opinion to what extent this kind of abuse can cause serious negative
psychological consequences for the victim; should the creation of pornographic content using artificial
intelligence without a person’s consent be specifically regulated by criminal legislation and finally, stu-
dents’ opinions regarding measures that would contribute the most to preventing the misuse of artificial
intelligence for these purposes.

Research Results

Firstly, students’ familiarity with the concept of deepfake technology and the possibility of abusing
artificial intelligence to create pornographic content featuring a real person without their consent was
examined. 57 respondents answered that they were fully familiar, 31 were partially familiar, and 21 were
not familiar (Chart 2 and Chart 3).

YES
52%

PARTIALLY
29%

Chart 2. Students’ familiarity with the concept of deepfake technology and the possibility of
abusing artificial intelligence to create pornographic content of a real person without consent
Source: Authors’ search

25

20

Slllll l
) ] m

First year Second year Third year Fourth year

B Yes [ Partially l No

Chart 3. Students’ familiarity (by the year of study) with the concept of deepfake technology and the pos-
sibility of abusing artificial intelligence to create pornographic content of a real person without consent.
Source: Authors’ search

Then, 56% of surveyed students have heard or come across cases where artificial intelligence was
used to create pornographic content utilizing the image of a real person without consent (Chart 4 and Chart 5).
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Chart 4. Students that have heard or come across cases in which artificial intelligence was used to cre-
ate pornographic content utilizing the image of a real person without consent. Source: Authors’ search

25

20

15

10
5 .
0

First-year Second-year Third-year Fourth-year

M Yes B No

Chart 5. Students (by the year of study) that have heard or come across cases in which artificial intel-
ligence was used to create pornographic content utilizing the image of a real person without consent.
Source: Authors’ search

For surveying students’ opinions about the social dangerousness of the creation pornographic con-
tent using artificial intelligence without a person’s consent, scale of risks, ranging from very dangerous to
not dangerous was used (Chart 6 and Chart 7).

B Very dangerous
B Moderately dangerous
M A little dangerous

Not dangerous

Chart 6. Students’ opinions about the social dangerousness of the creation pornographic content using
artificial intelligence without a person’s consent. Source: Authors’ search
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Ll

First-year Second-year Third-year Fourth-year

W Very dangerous B Moderately dangerous M A little dangerous [ Not dangerous

Chart 7. Students’ opinions ( by the year of study) about the social dangerousness of the creation pornographic
content using artificial intelligence without a person’s consent. Source: Authors’ search

The next question in the survey dealt with the students’ opinion to what extent this kind of abuse
can cause serious negative psychological consequences for the victim (eg stress, anxiety, reputational
damage). A range scale from severe to no serious negative psychological consequences for the victim

was given here (Chart 8).
25
20
15
10
5
0

First-year Second-year Third-year Fourth-year

M Severe M Modearte M Mild & No

Chart 8. Students’ opinion about the extent of serious negative psychological consequences for the
victim this kind of abuse can cause. Source: Authors’ search

Should the creation of pornographic content using artificial intelligence without a person’s con-
sent be specifically regulated by criminal legislation was the following question in the survey . Yes/no/not
sure answers were given to students to express their opinions (Chart 9).

M Yes
B No
O Not sure

Chart 9. Students’ opinion regarding the question whether creation of pornographic content using
artificial intelligence without a person’s consent should be specifically regulated by criminal legislation.
Source: Authors’ search
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Finally, the last question asked in the survey was: What measures, in your opinion, would contrib-
ute the most in preventing the misuse of artificial intelligence for these purposes? The given answers were
the following: stricter criminal sanctions law, greater digital platforms governance, education of internet
users and development of technologies for detecting manipulated content (Chart 10).

30

25

20

15

10 . .
0

First-year Second-year Third-year Fourth-year

]

B Stricter criminal sanctions law
B Greater digital platforms governance
Education of Internet users

Development of technologies for detecting manipulated content

Chart 10. Students’ opinion regarding the contribution in preventing the misuse of artificial intelligence
Source: Authors’ search

From all of the above mentioned, we can conclude that the surveyed students are aware of the
dangers, but are not sufficiently familiar with the concept of deepfake technology and the possibility of
artificial intelligence to create pornographic content by using an image of a real person without consent.

Regarding students’ familiarity with the concept of deepfake technology and possibility of Al to create
pornographic content featuring a real person without consent, the majority of respondents are familiar (52%),
29% are partially familiar (in the case of the second-year students, partial familiarity is the majority). It is im-
portant to emphasize here that a large percentage of respondents - 19%, answered that they were not familiar.

Also, a large percentage - 44% of surveyed students have not heard or come across cases where arti-
ficial intelligence was used to create pornographic content utilizing the image of a real person without consent.

Students’ opinions about the social dangerousness of this creation are that it is very dangerous
(89%) and students of all study years found severe negative psychological consequences for the victims.

A large percentage of surveyed students (91%) believe that this matter should be regulated by
criminal legislation and in accordance with that, they believe that stricter criminal sanctions law would
contribute the most in preventing the misuse of artificial intelligence for these purposes.

Conclusion

The misuse of artificial intelligence in the creation of pornographic content is emerging as a com-
plex social and legal phenomenon which, due to its technological sophistication, transnational character
and pronounced victimological implications, exceeds the limits of traditional criminal law responses and
requires interdisciplinary consideration. The rapid development of generative technologies points to the
limitations of the existing normative framework, since the protection against digitally generated sexually
explicit content created without consent is achieved to a significant extent indirectly and through extensive
interpretation of existing incriminations, which calls into question its completeness and effectiveness in
the modern digital environment. At the same time, the pronounced recognition of the social danger of this
phenomenon and its potentially serious psychological consequences indicates a growing need for a sys-
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temic approach to the protection of victims, especially bearing in mind that the possibility of rapid, massive
and difficult-to-control dissemination of content through digital platforms further deepens and prolongs
victimization. In this sense, an adequate response to the subject phenomenon presupposes not only the
normative improvement of criminal law protection, but also the development of coordinated preventive,
educational and psychological-supporting mechanisms aimed at protecting the privacy, dignity and men-
tal integrity of persons exposed to these forms of digital abuse.

The results of the conducted empirical research indicate the existence of a pronounced aware-
ness of the student population about the social danger of the abuse of artificial intelligence for the purpose
of creating pornographic content without consent, as well as the seriousness of the potential psychologi-
cal consequences that such forms of digital victimization can produce for victims. However, despite the
dominant recognition of the harmfulness of this phenomenon, the research findings indicate a certain de-
gree of insufficient information among respondents regarding the concept of deepfake technology and the
possibility of artificial intelligence to generate sexually explicit content using the identity of a real person
without their consent, which confirms the fact that a significant percentage of students express partial or
complete ignorance of the issue in question. Additionally, the fact that a significant number of respondents
did not encounter concrete cases of such abuse may indicate insufficient visibility and social recognition
of this form of digital violence, despite its growing technological availability and potentially serious con-
sequences for victims. At the same time, the high level of agreement of respondents regarding the need
for criminal law regulation of this matter, as well as the perception of the importance of stricter criminal
sanctions in the function of prevention, indicate the social justification of further normative consideration of
the criminal law treatment of the abuse of artificial intelligence in the creation of pornographic content, with
the parallel development of preventive and educational mechanisms aimed at improving digital literacy
and protecting potential victims.
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Abstract: Managerial learning and competence development are important for service microenterprises seeking to use
business infor-mation effectively, adopt innovations, and improve their operations. This study examines managerial perceptions
of information use, innovation, institutional support, and professional development needs in service microenterprises in Serbia,
with particular attention to their implications for learning, competence development, and quality improvement. A descriptive
survey was conducted from June to December 2024 using a convenience sample of 224 owners, directors, managers, and
other representatives of microenterprises located in three municipalities of Belgrade. Data were collected through a structured
closed-ended questionnaire and analysed using descriptive statistics. Results show that innovation management was highly
valued as a contributor to competitiveness, while technological processes and customer-oriented changes received particularly
favourable as-sessments. Respondents associated innovation with market expansion, service quality, operational flexibility, and
efficiency, but also identified financial, technological, and knowledge-related constraints. Institutional support was considered
particularly important through financial incentives, assistance with technology acquisition, and access to financing. Training
preferences focused on export activities, public procurement, marketing and sales, quality standards, and financial management,
indicating demand for practically applicable managerial competencies. Business information was also recognized as relevant
to successful operations. Overall, the findings indicate that quality improvement in service microenterprises can be supported
by strengthening managerial competencies, information use, innovation capacity, and continuing professional learning.

Keywords: managerial learning, managerial competencies, business information use, innovation management, quality
improvement, service microenterprises.

Introduction

Quality improvement has become one of the main strategic priorities for service microenterprises
operating in increasingly dynamic and uncertain business environments. In such conditions, sustainable
organizational performance depends not only on the implementation of formal Quality Management Sys-
tems (QMS), but also on managers’ ability to acquire, interpret, and effectively use relevant business infor-
mation, support informed decision-making, encourage innovation, and continuously improve organizational
practices. Recent studies indicate that the effectiveness of innovation processes depends substantially on
the quality of managerial decision-making, which is strongly influenced by the availability, interpretation,
and application of relevant information (HolubCik et al., 2024). At the same time, quality management
and organizational learning are increasingly recognized as complementary management approaches that
jointly support continuous organizational improvement and long-term competitiveness (Tajouri et al., 2025).
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Quality Management Systems (QMS), supported by the application of international ISO standards,
provide organizations with a structured framework for improving quality, increasing operational efficien-
cy, and strengthening long-term competitiveness. Beyond standardization, effective implementation of
QMS requires the integration of managerial practices that support continuous improvement, organiza-
tional adaptability, and innovation. In service organizations, sustainable business performance depends
on management’s ability to adapt organizational processes to continuous environmental, technological,
and market changes (Bogeti¢ et al., 2018). Successful implementation of QMS also requires commitment
and support at all managerial levels, since managers play a central role in initiating organizational change
and encouraging innovation. Timely and reliable business information represents an important trigger for
organizational change, informed managerial decision-making, and business efficiency (Bourke and Roper,
2017; Holubcik et al., 2024). Consequently, high service quality increasingly depends on managers’ abil-
ity to combine quality management principles with innovation, informed decision-making, and continuous
organizational improvement.

In increasingly competitive and uncertain business environments, effective risk management repre-
sents an important component of quality management because it enables organizations to identify potential
threats, reduce operational uncertainty, and respond more systematically to unexpected changes (Weck-
enmann et al., 2015; Ahmad et al., 2017). In service organizations, risk management should be integrated
with quality standards and continuous improvement practices rather than treated as a separate managerial
activity. Such integration can support more responsible decision-making, strengthen organizational adapt-
ability, and improve the organization’s ability to respond to changing customer and market requirements.

Continuous improvement in service enterprises requires not only the application of quality manage-
ment concepts and techniques, but also the continuous development of employee and managerial compe-
tencies. Contemporary quality management increasingly relies on a broad set of competencies, including
human, methodological, conceptual, and contextual capabilities, which enable managers and employees
to implement quality principles effectively and respond to changing organizational requirements (Martin et
al., 2021). In small and medium-sized enterprises, successful implementation of TQM also depends on
leadership commitment, employee engagement, and the ability to adapt quality management practices to
organizational characteristics, thereby strengthening competitiveness, operational efficiency, and sustain-
able performance (Masudin et al., 2025). At the same time, growing customer expectations continue to
increase the need for high-quality services, cost efficiency, and shorter service delivery times, which further
strengthens the role of continuous improvement in contemporary quality management practices.

In this context, quality improvement support systems have evolved from approaches primarily fo-
cused on perceived quality toward more integrated perspectives that incorporate human resources, organi-
zational processes, information use, innovation, and continuous improvement (Weckenmann et al., 2015).
Accordingly, contemporary approaches to quality management extend beyond the implementation of for-
mal standards and increasingly emphasize the integration of managerial competencies, organizational
learning, and the effective use of information to support innovation and continuous improvement (Martin et
al., 2021; Tajouri et al., 2025).

Although previous studies have extensively examined quality management, innovation, and organi-
zational performance, less attention has been devoted to understanding how managers in service microen-
terprises perceive the combined role of business information, innovation, institutional support, and quality
improvement in organizational development. Recent evidence suggests that the successful use of informa-
tion and communication technologies in SMEs depends not only on technological infrastructure but also on
managerial capabilities, organizational readiness, employee competencies, and institutional support, all of
which contribute to innovation and competitiveness (Yuwono et al., 2024). Accordingly, this study aims to
examine how managers in Serbian service microenterprises assess the role of business information use,
innovation, institutional support, and quality improvement, with particular attention to managerial learning
and competence development. Empirical attention is directed towards innovation and competitiveness, the
acceptance and perceived effects of innovation, forms of external support, training needs, and the impor-
tance attributed to business information in successful operations. By considering these dimensions jointly
within the specific setting of service microenterprises, the research contributes to the existing literature
by providing empirical insight into their relevance for managerial learning, competence development, and
quality improvement.
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Theoretical Background

Quality improvement in service organizations is increasingly recognized as a multidimensional pro-
cess that extends beyond the implementation of formal quality standards. Contemporary approaches
emphasize the importance of integrating quality management practices with managerial decision-making,
organizational learning, innovation, and the effective use of business information. In service microenter-
prises, these elements are particularly important because limited organizational resources increase the
need for competent management, continuous learning, and institutional support. Accordingly, the theoreti-
cal background of this study is organized around four interrelated themes: Quality Management Systems,
managerial information use and decision-making, organizational learning and managerial competencies,
and institutional support for quality improvement.

Quality Management Systems and continuous improvement

The ISO 9000 family of standards establishes a widely accepted basis for the development and
operation of quality management systems. Its practical value, however, does not lie solely in formal com-
pliance with prescribed requirements. The effects of QMS implementation also depend on how quality
principles are incorporated into everyday organizational practices, managerial commitment, and the way
procedures are actually applied. Evidence from ISO 9001-certified organizations shows that organization-
al commitment and the consistent application of procedures are closely associated with the development
of quality culture, which in turn contributes to operational performance (Bakhtiar et al., 2023).

In practice, a QMS brings together quality objectives, process management, leadership, strategic
planning, resource allocation, performance monitoring, and the regular review of organizational activities.
Continuous improvement is embedded in this process through the Plan-Do-Check—Act (PDCA) cycle,
which links planning and implementation with evaluation and corrective action. For small and medium-
sized enterprises, these elements cannot simply be transferred from larger organizations without adjust-
ment; they need to reflect available resources, organizational capabilities, and the specific context in
which the enterprise operates (Susanto et al., 2026).

Beyond formal systems and procedures, the successful implementation of quality management
also depends on the development of a strong quality culture. Recent research emphasizes that qual-
ity culture is shaped by organizational values and the behaviours through which these values are ex-
pressed in everyday practice. Greater alignment between organizational values and employee behav-
iours strengthens quality culture, facilitates continuous improvement, and enhances organizations’ ability
to adapt to changing internal and external conditions (Fundin et al., 2025).

Within the 1ISO 9000 framework, quality management is approached through a combination of cus-
tomer orientation, leadership, employee participation, process management, continuous improvement,
evidence-based decision-making, and effective relationship management. Rather than functioning as
isolated principles, these elements provide an integrated framework for managing quality and supporting
organizational development across different operational contexts. Contemporary research further sug-
gests that the effectiveness of QMS depends not only on compliance with formal requirements but also
on managerial competencies, organizational learning, and the effective acquisition and use of business
information, which together support innovation and long-term organizational performance (Martin et al.,
2021; Tajouri et al., 2025).

Managerial information use and decision-making

Effective quality management depends not only on standardized procedures and organizational
processes but also on managers’ ability to acquire, interpret, and use relevant business information. In
dynamic business environments, informed decision-making enables organizations to respond more ef-
fectively to changing customer requirements, technological developments, and competitive pressures.
The quality of managerial decisions increasingly depends on the availability of reliable information and
managers’ capability to transform that information into appropriate organizational actions. Consequently,
effective information use has become an important prerequisite for innovation, continuous improvement,
and sustainable organizational performance (HolubCik et al., 2024).

Managerial decision-making represents a critical component of quality improvement because
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oganizational performance increasingly depends on managers’ ability to transform available information
into effective organizational actions. Recent research indicates that business analytics has become an
important source of information for monitoring organizational performance, evaluating results, and imple-
menting corrective actions. However, strategic decisions are rarely based solely on analytical information.
Managers also combine business analytics with professional experience, stakeholder perspectives, and
expert knowledge to support long-term planning and organizational development (Orjatsalo et al., 2025).

The effective use of information is particularly important in small and medium-sized enterprises,
where managerial decisions are often made under conditions of limited financial, technological, and hu-
man resources. Recent evidence indicates that the successful adoption of information and communication
technologies depends not only on technological infrastructure but also on managerial capabilities, organi-
zational readiness, employee competencies, and institutional support (Yuwono et al., 2024). Strengthen-
ing these organizational capabilities supports more informed managerial decision-making, facilitates the
implementation of quality management practices, and contributes to continuous quality improvement in
service organizations.

Organizational learning, managerial competencies, and innovation

Organizational learning is increasingly recognized as one of the key mechanisms through which
quality management contributes to continuous improvement. Rather than representing separate manage-
ment approaches, Total Quality Management (TQM) and organizational learning reinforce one another by
promoting knowledge sharing, employee involvement, problem-solving, and continuous process improve-
ment. Recent research suggests that these approaches should be viewed as complementary because they
jointly support organizational adaptability, innovation, and long-term competitiveness (Tajouri et al., 2025).

Managerial and employee competencies play a central role in the successful implementation of
qualityrelated activities. Contemporary approaches emphasize that quality management requires a com-
bination of human, methodological, conceptual, and contextual competencies, enabling managers to
integrate quality principles into everyday organizational practices. Beyond technical knowledge, quality
management professionals are expected to facilitate collaboration, support organizational change, com-
municate effectively, and promote a culture of continuous improvement. Developing these competencies
strengthens organizational learning and enhances the organization’s capacity to achieve sustainable qual-
ity improvement (Martin et al., 2021).

Organizational learning and managerial competencies provide the foundation for innovation and im-
proved organizational performance. Empirical evidence indicates that organizations with stronger learning
capabilities are more likely to develop innovative practices and achieve higher performance levels. Organi-
zational learning enables managers to recognize changing customer needs, adapt organizational resourc-
es, and support continuous innovation, thereby strengthening organizational adaptability and long-term
competitiveness. Furthermore, organizations that integrate organizational learning with customer-focused
strategies are better positioned to improve organizational performance by responding more effectively to
dynamic market conditions (Yuliansyah et al., 2021).

Institutional support, communication, and quality improvement

Institutional support is particularly relevant for service microenterprises operating with limited fi-
nancial, technological, and organizational resources. Access to funding, technology, training opportuni-
ties, and professional networks can help these enterprises strengthen quality-related practices and build
greater capacity for innovation. Evidence also suggests that sustainable improvements in quality and
business performance are shaped by the interaction between internal capabilities and the wider support
environment in which firms operate (Masudin et al., 2025).

Institutional support is most effective when combined with organizational efforts to develop man-
agerial capabilities, employee competencies, and innovation-oriented practices. Access to appropriate
technologies, training opportunities, and collaborative networks enables organizations to strengthen qual-
ity management processes, improve operational efficiency, and respond more effectively to changing
market requirements. In small and medium-sized enterprises, these factors contribute to building organi-
zational resilience and creating favourable conditions for sustainable quality improvement (Yuwono et al.,
2024; Masudin et al., 2025).
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Within quality management, communication serves as a practical link between planned proce-
dures and their implementation in everyday work. When information is exchanged clearly and on time,
responsibilities are easier to coordinate and quality-related decisions can be made with less delay. Inter-
organizational communication can significantly influence the relationship between quality management
practices and project performance, indicating that the benefits of quality initiatives depend partly on how
effectively participants communicate during their implementation (Shah et al., 2022). This also highlights
the importance of communication strategies that support employee involvement, clarify expectations, and
facilitate coordinated action.

For service microenterprises, quality improvement is shaped by several closely connected mana-
gerial and organizational factors. Formal quality systems provide structure, while the practical effects
of those systems depend on how managers use information, develop competencies, support learning,
introduce innovations, communicate with stakeholders, and make use of available institutional support.
These theoretical considerations provide the basis for interpreting the empirical findings on managers’ as-
sessments of innovation and competitiveness, innovation adoption and its perceived effects, institutional
support, training needs, and the importance of business information for successful operations. Viewed to-
gether, these areas also allow the findings to be considered from a learning perspective, in which access
to and use of information, competence development, and innovation represent interconnected aspects of
managerial adaptation and quality improvement.

Materials and Methods

The empirical investigation was conducted to examine managerial perceptions of factors related to
innovation, competitiveness, business information use, institutional support, and quality improvement in
service microenterprises. A quantitative descriptive survey approach was adopted to provide an overview
of managers’ assessments of innovation practices and outcomes, external support mechanisms, and
training needs relevant to managerial competence development. The study was designed to describe
response patterns across the examined areas rather than to test causal relationships between variables.

Data collection

Data were collected between June and December 2024 through a structured questionnaire admin-
istered to owners, directors, managers, and other organizational representatives of service microenter-
prises located in the Belgrade municipalities of Vozdovac, Cukarica, and Palilula. A convenience sampling
approach was adopted, resulting in 224 valid responses. Given the organizational focus of the research,
the sample was defined in terms of respondents’ roles as representatives of service microenterprises and
the business context in which they operated, rather than individual sociodemographic characteristics.
Accordingly, the responses reflect a managerial and organizational perspective on the practices and sup-
port needs examined in the study. The survey was distributed through several communication channels,
including e-mail, telephone communication, Viber groups, and direct personal contact. Respondents took
part in the survey by choice, without providing information that would reveal their identity. Prior to respond-
ing, they received an explanation of the research purpose and were advised that the information obtained
would remain confidential and be used solely for research.

Instrument development and data analysis

The questionnaire consisted of closed-ended questions covering business information use, innova-
tion and competitiveness, technological and customer-oriented innovation, perceived effects of innovation,
institutional support, and managerial training needs. Different response formats were used according to the
content of individual question groups. Selected managerial assessments were measured using a five-point
Likert scale, while other items used multiple-choice, three-category, or binary response formats. Frequen-
cies (n) and percentages (%) were calculated for categorical and multiple-response items, while mean
values (M) and standard deviations (SD) were additionally calculated for the five-point Likert-scale assess-
ments. The results were presented in tables and figures to facilitate comparison across the examined areas.
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Results

The research findings provide insight into the role of innovation, institutional support, and mana-
gerial practices in improving competitiveness and quality in service microenterprises. The results are
presented through managers’ assessments of competitiveness factors, innovation adoption, innovation
outcomes, institutional support, and training needs.

Innovation and competitiveness

Innovation management was assessed positively in relation to the competitiveness of service micro-
enterprises (N = 224, M = 4.08, SD = 0.96). Figure 1 shows that responses were concentrated in the two
highest categories of the five-point Likert scale, “completely agree” and “mostly agree” (n = 179; 79.9%).

Innovation management and competitiveness

Partially disagree, Completely
13,5.8% disagree, 5, 2.2%
Partially agree /
neutral, 27, Completely
12.1% agree, 85, 37.9%

Mostly agree, 94,
42.0%

Figure 1. Managers’ assessment of the contribution of innovation management to competitiveness

As shown in Table 1, the application of innovations and innovativeness emerged as the most promi-
nent factor influencing the competitiveness of service microenterprises, followed by cost leadership and
fragmented industries, while a focus on specific market niches was less frequently identified.

Table 1. Factors influencing competitiveness

Factor n %

Focus on specific market niches 30 13.4
Fragmented industries 51 22.8
Cost leadership 63 28.1
Application of innovations and innovativeness 96 429

Note. Respondents could select up to two answers (N = 224)

Technological innovations were generally well accepted among the surveyed managers. Full ac-
ceptance was higher for the introduction of new technological processes (n = 141; 62.9%) than for the
introduction of new products or services (n = 114; 50.9%), as shown in Table 2.

Table 2. Acceptance of technological innovations in service microenterprises

. ) Fully accept Partially accept Do not accept
Type of innovation (N = 224)
n % n % n %
Introduction of a new product/service 114 50.9 65 29.0 45 20.1
New type of technological process 141 62.9 61 27.2 22 9.8

Sociological innovations directly related to customers and internal business processes received the
strongest support. Full acceptance was highest for new ways of satisfying customers (n = 164; 73.2%) and
changes in operating methods (n = 150; 67.0%), whereas lower levels of full acceptance were recorded for
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new state measures regarding business conditions and new types of institutions within society (Table 3).
Table 3. Acceptance of sociological innovations in service microenterprises

. ) Fully accept Partially accept Do not accept
Type of innovation (N = 224)
n % n % n %
New ways of satisfying customers 164 73.2 25 1.2 35 15.6
Changes in operating methods 150 67.0 40 17.9 34 15.2
New state measures regarding business conditions 110 49.1 85 38.0 29 12.9
New types of institutions within society 87 38.8 76 33.9 61 27.2

Innovation effects were recorded across multiple dimensions of business performance. The most
frequently reported effects were an expanded product and/or service assortment (n = 196; 87.5%), the
withdrawal of obsolete products or services (n = 191; 85.3%), and entry into new markets and increased
market share (n = 188; 83.9%). Improvements in product and service quality were also reported by a
substantial proportion of respondents (n = 176; 78.6%), alongside effects related to operational flexibility,
efficiency, and environmental performance (Table 4).

Table 4. Effects of innovation in service microenterprises

Achieved effects (N = 224) n %

Product and/or service assortment expanded 196 87.5
Existing products/services became obsolete and withdrawn 191 85.3
Entry into new markets and increase in market share 188 83.9
Product and service quality improved 176 78.6
Greater flexibility in production or service provision 171 76.3
Increased possibilities for higher production and/or service delivery 165 73.7
Greater production economy / lower costs per product 161 71.9
Environmental protection — reduction of harmful impacts 158 70.5

Institutional support for innovation

Managers assessed several forms of institutional support for encouraging innovation in service
microenterprises. The highest level of complete agreement was recorded for incentives related to taxes
and contributions (n = 164; 73.2%), followed by assistance in acquiring new technology and equipment (n
=137, 61.2%) and access to attractive credit lines (n = 125; 55.8%). Lower levels of complete agreement
were recorded for finding strategic partners (n = 92; 41.1%) and cooperation with large companies (n =
85; 37.9%) (Table 5).

Table 5. Institutional support for encouraging innovativeness

, , Completely agree Partially agree Do not agree

Type of incentive (N = 224)
n % n % n %

Cooperation with large companies 85 37.9 94 42.0 45 201
Finding strategic partners 92 411 72 32.1 60 26.8
Providing incentives (taxes and contributions) 164 732 54 241 6 2.7
Assistance in acquiring new technology and equipment 137 61.2 47 21.0 40 17.9
Attractive credit lines for financial resources 125 55.8 76 33.9 23 10.3

Training related to export issues received the highest level of preference (n = 204; 91.1%), followed
by understanding and participation in public procurement (n = 184; 82.1%), marketing concepts and sales
improvement (n = 181; 80.8%), and introduction to quality standards (n = 168; 75.0%). Financial manage-
ment was also frequently selected (n = 157; 70.1%), whereas training for business beginners received the
lowest level of preference (n = 62; 27.7%) (Table 6).
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Table 6. Preferred ARRA training modules

. Included Not included

Type of training (N = 224) . .
n % n %

Possibility of applying innovations 114 50.9 110 491
Training for business beginners 62 21.7 162 72.3
Preparation of business plans and cooperation with banks 119 53.1 105 46.9
Financial management 157 701 67 29.9
Export issues (for first-time exporters) 204 91.1 20 8.9
Marketing concepts and sales improvement 181 80.8 43 19.2
Electronic and information business operations 129 57.6 95 42.4
Introduction to quality standards 168 75.0 56 25.0
Education about the single European market 121 54.0 103 46.0
Understanding and participation in public procurement 184 82.1 40 17.9

The importance of information for successful business operations was assessed positively overall (N
=224, M = 3.40, SD = 1.41). Responses were most frequently concentrated in the two highest categories
of the five-point Likert scale, “completely agree” and “mostly agree” (n = 119; 53.1%), as shown in Figure 2.

Importance of information for successful business operations

Completely Completely
disagree, 31, agree, 67,
13.8% 29.9%

Partially
disagree, 34,
15.2%

Partially agree /
neutral, 40,

17.9% Mostly agree,

52,23.2%

Figure 2. Managers’ assessment of the importance of information for successful business operations

Discussion

Innovation emerges as a central element of competitiveness in service microenterprises. A high as-
sessment of the contribution of innovation management to competitiveness (M =4.08, SD = 0.96), together
with the identification of innovation and innovativeness as the most frequently selected competitiveness
factor, suggests that managers perceive innovation as an important component of competitive positioning.
This result is consistent with earlier research emphasizing entrepreneurial creativity as an important source
of new ideas and innovation in small enterprises (Walls et al., 2011). Subsequent research has shown that
firms’ capacity to acquire and apply knowledge can support innovative activity and contribute to improved
business outcomes (Yuliansyah et al., 2021), while innovativeness has been found to exert a significant
effect on MSME performance, both directly and through the development of marketing capabilities (Octa-
sylva et al., 2022). More recent research also shows that stronger innovation capabilities are associated
with better MSME performance, partly because they help firms build competitive advantage that translates
innovation into improved business outcomes (Ziedan and Darmawan, 2026). Taken together, these results
suggest that the competitive role of innovation in service microenterprises is reflected not only in the intro-
duction of new products, services, or technologies, but also in the development of capabilities that enable
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firms to learn, adapt, differentiate themselves, and sustain performance in changing market conditions.

Acloser look at technological and sociological innovation provides further insight into how innovation
is understood in service microenterprises. Although the introduction of new technological processes re-
ceived stronger support than the introduction of new products or services, the highest level of acceptance
across the examined forms of innovation was recorded for new ways of satisfying customers, followed by
changes in operating methods. This pattern suggests that innovation in service microenterprises is not per-
ceived exclusively in technological terms, but also through process improvement and customer-oriented
practices. Such a broader understanding is consistent with the view of innovation as a complex process
involving the generation and implementation of ideas and their adaptation to organizational and environ-
mental requirements (Romero and Martinez-Romén, 2012). More recent empirical evidence strengthens
this interpretation. Customer orientation has been shown to positively affect SME performance, with in-
novation capabilities partially mediating this relationship (Bekata and Kero, 2025). The role of customer
information and dynamic marketing capabilities in developing adaptive strategies and improving marketing
performance in MSMEs has also been emphasized (Andreas and Hiong, 2025). In the context of the pre-
sent study, the strong acceptance of technological processes, customer-oriented changes, and changes
in operating methods points to the complementary role of technological, process, and customer-oriented
innovation in strengthening the adaptability of service microenterprises.

Innovation effects identified in the present study further demonstrate its broader organizational rel-
evance. Respondents associated innovation with an expanded product and service assortment, entry into
new markets, improvements in service quality, greater operational flexibility, higher efficiency, and reduced
harmful environmental impacts. This multidimensional pattern is consistent with recent systematic evidence
showing that business model innovation in MSMEs contributes to economic performance, competitive ad-
vantage, environmental performance, and organizational resilience, while its effectiveness depends on
organizational capabilities, managerial orientation, institutional conditions, and ecosystem support (Priya
and Mathew, 2026). Recent research suggests that SMEs with stronger innovation capabilities are better
positioned to improve their market results, partly because these capabilities help them develop advantages
that strengthen their competitive position (Machado-Licona et al., 2026). Evidence from service organiza-
tions also links innovation-oriented practices with more favourable customer responses, particularly in
highly competitive environments (Nwachukwu and Vu, 2022). The relationship between innovation and
operational outcomes is also supported by evidence that core competencies, including innovation capabil-
ity, resource management, and market responsiveness, contribute significantly to operational efficiency
in MSMEs (Adoe, 2025). From a quality management perspective, TQM has been shown to enhance
organizational performance while simultaneously strengthening innovation capability, which serves as an
important mechanism linking quality management with performance and sustainability outcomes (Xu et al.,
2026). Although this evidence comes from a manufacturing context, it still supports the view that quality
practices, innovation capability, and performance are closely connected. In the present study, innovation
was similarly associated with market expansion, customer-related outcomes, service quality, operational
efficiency, and adaptability.

External support becomes especially important when these outcomes are considered alongside the
resource constraints faced by service microenterprises. Stronger support for financial incentives, assis-
tance in acquiring technology and equipment, and access to attractive credit lines suggests that managers
primarily associate external support with overcoming financial and technological barriers to innovation.
Limited resources can make it difficult for smaller firms to finance technological change, develop new
capabilities, or pursue innovation without outside assistance. Access to finance, digital infrastructure, skills
development, and appropriate regulatory arrangements have therefore been recognized as relevant ele-
ments of the wider environment supporting MSME transformation (Supriadi et al., 2023). Financial support
also needs to be considered in relation to the changing ways in which smaller firms obtain funding, particu-
larly as Fintech solutions create additional financing opportunities alongside public support measures (Abu
et al., 2025). Recent systematic evidence also identifies resource constraints and institutional pressures
among the factors shaping innovation-related strategic responses in MSMEs and emphasizes the impor-
tance of institutional conditions and ecosystem support for sustainability and resilience (Priya and Mathew,
2026). Empirical evidence additionally highlights the contribution of innovation and digital IT capabilities
to MSME performance and the relevance of targeted financial incentives for strengthening technological
adaptability and resilience (Probohudono et al., 2025). Viewed in this context, the preferences expressed
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by managers in the present study indicate that institutional support is most valuable when it reduces re-
source barriers and enables service microenterprises to acquire the financial and technological capabilities
required for innovation.

Managerial capability development represents another important dimension of support for service
microenterprises. Preferences for training related to export activities, public procurement, marketing and
sales, quality standards, and financial management indicate a pronounced orientation towards specialized
knowledge that can be applied directly to market development and business operations. By contrast, the
considerably lower preference for training aimed at business beginners suggests that respondents place
greater value on function-specific competencies than on general introductory business knowledge. This
pattern is consistent with earlier research showing that effective MSME management requires a combina-
tion of competencies related to financial decision-making, market development, interpersonal relations,
and entrepreneurial activity, while gaps in these areas may create a need for continuous education and
targeted business development programmes (Ng'ora et al., 2022). More recent empirical evidence con-
firms the broader importance of managerial capabilities, showing that managerial skills have a significant
positive effect on MSME performance and supporting capability-building initiatives focused on manage-
rial competence as a means of strengthening competitiveness and long-term performance (Indrapraja et
al., 2026). The particularly strong preference for export-related training can be interpreted in light of the
capabilities required for successful international market participation. Export capability has been shown to
depend on the development and interaction of technological, innovation, and entrepreneurial capabilities,
with entrepreneurial orientation playing an important role in translating innovation capability into export
readiness (Anggadwita et al., 2026). Complementary evidence indicates that an outward-looking entre-
preneurial posture and the firm’s ability to reconfigure resources and respond to change both contribute
significantly to export performance, while the latter capability also mediates the relationship between en-
trepreneurial orientation and export outcomes (Sriboonlue and Sriboonlue, 2026). Viewed together, these
results indicate that training needs in service microenterprises are closely associated with the development
of specific managerial and strategic capabilities required for market expansion, operational decision-mak-
ing, and improved business performance.

Information represents an additional managerial resource relevant to the development of service
microenterprises. Although respondents generally recognized its importance for successful business op-
erations, the mean assessment (M = 3.40, SD = 1.41) was more moderate than their assessment of
the contribution of innovation management to competitiveness. This result may indicate that the value
of information is recognized, but not necessarily translated into equally strong or systematic information-
based managerial practices. Previous research has emphasized that effective managerial decision-making
depends not only on access to information but also on managers’ ability to interpret and use it in ways that
support organizational learning and adaptation (Holub¢ik et al., 2024). In the MSME context, management
accounting information systems have similarly been regarded as a means of providing timely, accurate,
and relevant information to support managerial decision-making and reduce uncertainty (Siahaan et al.,
2022). Access to technical information and external knowledge sources has also been identified among
the factors relevant to the development of innovation capabilities in MSMEs (Kalathingal and Ambrammal,
2025). From this perspective, the importance attributed to information by respondents can be understood
not only in terms of its immediate role in managerial decision-making but also as part of the knowledge
base that enables service microenterprises to recognize changes, develop innovation capabilities, and
adapt their activities to evolving business conditions.

Considered as a whole, the findings extend previous research by showing how innovation, manage-
rial learning needs, information use, and institutional support are reflected simultaneously in the percep-
tions of managers in service microenterprises. Rather than treating these dimensions as separate aspects
of business development, the present study reveals a distinctive pattern: strong recognition of innovation
and its business effects is accompanied by substantial demand for specialized training and external sup-
port, while the importance assigned to business information remains comparatively more moderate. This
contrast is particularly relevant because it points to a potential gap between innovation orientation and the
information- and knowledge-related capabilities needed to support it. The contribution of the study there-
fore goes beyond confirming the importance of innovation for microenterprise development; it draws atten-
tion to managerial learning and competence development as elements that may help connect information
use, innovation activities, and available institutional support with quality improvement. By documenting this
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pattern in Serbian service microenterprises, the findings add context-specific empirical evidence to the
literature on learning, innovation, and managerial capability development in small firms.

Conclusion

This study examined the role of innovation, managerial information use, and institutional support
in the development and competitiveness of service microenterprises. The results indicate that innovation
occupies a prominent position in managers’ perceptions of competitiveness, with particular importance at-
tributed to technological processes, customer-oriented changes, and improvements in operating methods.
Innovation was also associated with a broad range of outcomes, including product and service renewal,
market expansion, service quality, operational flexibility, efficiency, and environmental improvements. At the
same time, respondents emphasized the importance of external support, particularly financial incentives,
assistance in acquiring technology and equipment, and access to favourable financing, while their train-
ing preferences were strongly oriented towards export activities, public procurement, marketing, quality
standards, and financial management. Information was also considered important for day-to-day business
decisions, although respondents evaluated its contribution less strongly than innovation management.

The results therefore point to a broader set of conditions behind the development of service mi-
croenterprises. Innovation is important, but managers also rely on practical knowledge, usable business
information, and external support when adapting to market changes. Opportunities for process improve-
ment, differentiation, and market expansion are easier to pursue when firms have the necessary manage-
rial skills and access to financial, technological, and institutional resources. Competitiveness therefore
reflects more than innovation alone; it is also shaped by the capabilities available inside the enterprise
and the support accessible from its wider environment. In this respect, the acquisition and managerial in-
terpretation of relevant business information can support learning and competence development, facilitate
innovation adoption, and ultimately contribute to quality improvement in service microenterprises.

From a practical perspective, the results point to the need for a more integrated approach to sup-
porting service microenterprises. Managers should strengthen their capacity to identify and implement
innovations, use relevant information in decision-making, and develop competencies related to market
expansion, quality management, finance, and technology. Continuing managerial education and targeted
training can support this process by linking competence development more closely to the practical needs
identified by service microenterprises. At the institutional level, support measures should combine finan-
cial incentives and improved access to financing with assistance in technology acquisition, specialized
training, and opportunities for business cooperation. Particular attention should be given to programmes
that respond to the expressed needs of enterprises, especially those related to export activities, public
procurement, marketing and sales, and quality standards. Aligning institutional support with these needs
may enable service microenterprises to use their limited resources more effectively and strengthen their
capacity for innovation and competitive development.

Interpretation of the findings requires some caution because of the sample coverage and research
design. Data came from a convenience sample of service microenterprises in selected areas of Serbia, so
the patterns observed here may not be representative of microenterprises operating elsewhere or under
different economic and institutional conditions. A further constraint arises from the cross-sectional design:
managerial perceptions were recorded at one point in time, without capturing possible changes in innova-
tion practices, capabilities, or support needs over time.

Future research may extend the present findings by examining larger and more diverse samples
across different service activities and geographical areas. Such an approach would allow similar patterns
to be explored beyond the setting covered here. Longitudinal studies could trace changes in managerial
practices, learning needs, and innovation capabilities as enterprises develop. Further research could also
examine the relationships among business information use, managerial competencies, institutional support,
innovation, and business performance using analytical approaches that allow these associations to be tested
directly. Such evidence could provide a clearer understanding of how these factors interact through manage-
rial learning processes in supporting quality improvement and the development of service microenterprises.
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manuscripts are expected to be written in a clear, cogent, and readily understandable by an international
readership. To avoid unnecessary errors, you are strongly advised to use the ‘spell-check’ and ‘grammar-
check’ functions of your word processor.

Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from EDANZ -

http://www.edanzediting.com/services/english_editing

NEW SUBMISSIONS

Manuscripts must submit only online, proceeds are totally online and you will be guided stepwise
through the creation and uploading of your files. Electronic submission reduces the editorial processing
and reviewing times and reduces the time of submission to publication.

You have to use [JCRSEE template to prepare your article and this version upload via

http://ijcrsee.com/index.phpl/ijcrsee/about/submissions#onlineSubmissions

Formatting requirements

The prepared article should be formatted with IICRSEE template. There are some parameters for
authors.

If your article includes any Videos and/or other Supplementary material, this should be included in
your initial submission for peer review purposes.

Divide the article into clearly defined sections.

Structure of Manuscripts

Title Page

The title page should include:

The name(s) of the author(s)

A concise and informative title

The affiliation(s) and address(es) of the author(s)

The e-mail address of the corresponding author.

Abstract

The abstract should contain a maximum of 250 words. The abstracts should avoid any abbreviations
and mathematical formulas.

Keywords should include 4-6 keywords.

Text Formatting

Manuscripts should be submitted in Word, A4, Arial Narrow, 10-point for abstract and keywords and
12-points for text.

A complete manuscript falls need to be maximum 8,000 words excluding references, tables, and
figures. Depending on the research and work purposes, the editor decides the acceptance of a larger
number of pages.

For numerations of pages use the automatic page numbering function.

In the text for emphasis use italics.

The use of abbreviations should be avoided. If using the first Abbreviations should be used
throughout the text the same.

For headings use maximum three levels.

Footnotes should be avoided. If used, footnotes should only contain additional text (comment), and
not information about sources used.

Acknowledgments should be placed in a separate section before the reference list.

Introduction — State the objectives of the work and provide an adequate background, avoiding a
detailed literature survey or a summary of the results.

Materials and Methods — Provide sufficient detail to allow the work to be reproduced. Methods
already published should be indicated by a reference: only relevant modifications should be described.

Results — Results should be clear and concise.

Discussions — This should explore the significance of the results of the work, not repeat them. A
combined Results and Discussion section is often appropriate. Avoid extensive citations and discussion

WWW.ijcrsee.com
415


www.ijcrsee.com
http://www.edanzediting.com/services/english_editing 
http://ijcrsee.com/index.php/ijcrsee/about/submissions

Authors™ guidelines
International Journal of Cognitive Research in Science, Engineering and Education (IJCRSEE) 14(2), 413-421.

of published literature.

Conclusions - The main conclusions of the study may be presented in a short Conclusions section,
which may stand alone or form a subsection of a Discussion or Results and Discussion section.

Appendices - If there is more than one appendix, they should be identified as A, B, etc. Formulae
and equations in appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a
subsequent appendix, Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Acknowledgments - Collate acknowledgments in a separate section at the end of the article
before the references and do not, therefore, include them on the title page, as a footnote to the title or
otherwise. List here those individuals who provided help during the research (e.g., providing language
help, writing assistance or proofreading the article, etc.).

Reference Style — All manuscripts should be formatted using the American Psychological
Association (APA) citation style, which is used primarily in the social sciences. For additional examples,
consult the most recent edition of the Publication Manual of the American Psychological Association. Use
of DOl is highly encouraged.

CITING REFERENCES IN TEXT
Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Any references cited in the abstract must be given in full. Citation of a reference as ‘in press’
implies that the item has been accepted for publication.
+ If an one author is sufficient to cite only the year, but not the page if you do not quote the text
directly, or do not mention the fact that needs to be linked to the page.
Busk (2014) compared reaction times ...
In a recent study of reaction times (Busk, 2014) ... (ibid, str.105).
When citing in plain text, the author’s name and year of release of work separated by commas.

If we are in the plain text provide the name and year of the author, there is no need to give the same
information again in parentheses.

In 2012 Stosic compared reaction times ... (ibid, page 102).

* When a work has two authors, always indicate both names and year and between surnames of
the authors specify the conjunction &.

Nightlinger and Littlewood (2003) demonstrated ...
As has been shown (Busk & Serlin, 1993) ...

+ When in plain text quoting the names of three, four or five authors, first make sure to include all
the names, and text enough to write only the first and add “ and associates”.

First time: Yan, G., Tian, H., Bai, X. & Rayner, K. (2006). found ...
Second time: Yan, G.et al. (2006) found ... (ibid, p. 12)

* When a work has no author’s name, whether it's because it is issued by the agency, organization,
or governmental institutions, rather than the names of authors mention the name of the institution or
organization that has signed the paper, and if a name is long, just so many words or abbreviation as
needed to locate the source in the list of references.

First time: (National Institute of Mental Health [NIMH], 1999) ...
Second time: (NIMH, 1999) ...

+ When you do not have the names of institutions or authors, when the work is anonymous, then
mention only the first few words of the title, and we quote them in parentheses under the quotation marks
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in plain text in italics.
These result present (" Study Finds, © 2002) ...
The book College Bound Seniors (2003) ...

When work in the header nominated as anonymous, then it in the text under the anonymous quote
and cite year, in English (Anonymous, 2011).

« If there are two references to the same author’s last name, then be sure to mention when citing
the initials to avoid unnecessary search in a list of references.

JM Goldberg and Neff (1961) and ME Goldberg and Wurtz (1972) studied ...

+ If the same author or the same authors cite two or more references, then in brackets do not repeat
names but just add a year for the next release.

Past research (Edeline & Weinberger, 1991, 1993) ...
Past research (Gogel, 1984, 1990) ...

* When the same author we have more work during one year, then these sources labeled the letters
of the alphabet a, b, ¢ and so on.

Several studies (Gogel, 1984, 1990a, 1990b) ...

+ When several authors cite in the same bracket, or when we point to the consent of the author,
references detach semicolon and listed them in alphabetical order.

Several studies (Balda 1980, Kamil 1988, Pepperberg & Funk, 1990) ...

+ If with some of the references cite a source that confirms what is specific to this reference, then
the source listed below see also, but that goes with the source of reference, but not alphabetically.

Several studies (Minor 2001; see also Adams, 1999; Storandt, 1997) ...

« When quoting hearsay, cite the author’s name and year of the original work, followed by a
semicolon and then cited code, then last name, year and foreign labor from which he quoted original work.

The first definition of intrinsic motivation gave Decy (1975; see Suzi¢ 2005, p. 108) ...

* If we know the year of the first publication of the work, then it is to be connected age translation
by first listed year of first publication, a slash and then year translation.

(James, 1890/1983)

« For an Internet source that does not have a bookmarked Web page, use a pair of  and paragraph
number on the page where it was published.

(Myers, 2000, { 5)

* Personal communication or publicly spoken words in a lecture to quote only in plain text, but not
in the list of references, but does mention the date of actual communication.

Decy (personal communication, April 18, 2001) ...
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REFERENCES
* Form Guidance papers in the journal is as follows:

The author’s name [comma], initial / names [point], [open small brackets] year of publication [close
little brackets] [point] title of the paper [point], the name of the magazine - in italics [comma] the number
or volume - in italics [comma ] page starting work [line] Page completing work [point].

Dennis, TA, Cole, PM, Wiggins, CN, Cohen, LH & Zalewsky, M. (2009). The functional organization
of preschool-age children’s emotion expressions and actions in challenging situations. Emotion, 9,
520-530.

* Form quoting the works of authors of books is as follows:

The author’s name [comma], initial / names [point], [open small brackets] year of publication [close
little brackets] [point] title deeds - in italics [point], the city (and state) [two counts], the publisher [Point ].

Hirsch, Jr., E. D. (1996). The schools we need and why we do not have them. New York: Doubleday.

* When you mention a paper published in a journal or as part of a book as a chapter, then applies
the following form:

The author’s name [comma], initial / names [point], [open small brackets] year of publication [close
little brackets] [point] title of the paper [point], In Proceedings ... (note that the work was published in a
journal or book ...) The name of the publisher [open small brackets] Issue. (Note that this is a publisher)
[Close little brackets] [comma] title of the collection - in italics [open small brackets] page starting work
[line] Page completing work [point], the city (and state) [two counts], publisher [point].

Barrett, KC, & Campos, JJ (1987). Perspectives on emotional development: Il. A functionalist
approaches to emotions. In Osofsky JD (Ed.), Handbook of Infant Development (2™ ed., Pp. 555-578).
Oxford, England: Wiley.

* If seven or more authors, then we will list the names of the six authors, and the seventh and the
rest fall into the category of “ and associates “.

Adam, JJ, Paas, F. Teeken, JC van Loon, EM, Van Boxtel, MPJ, Houx, PJ, et al. (1998). Effects of
age on performance and a finger-precuing task. Journal of Experimental Psychology: Human Perception
and Performance, 24, pp. 870-883.

Second and last author in a list of references are always stating afterward conjunctions & English.

* In magazines published articles cite the following form:

the author’s name [commal, initial / names [point], [open small brackets] day, month and year of
publication [close little brackets] and the title [point], the name of the magazine or newspaper - italics
[comma], number of journals or Newspapers - italics [comma], page beginning of the text [line] Page
completing the text [point].

Henry, W. A, III. (1990, April 9). Beyond the Melting Pot. Time, 135, 28-31.

* When we need to with the title of the article mention what kind of material it is then enclosed in
square brackets after the title of the paper is printed by it is a brochure, video recording and the like.

Research and Training Center on Independent Living. (1993). Guidelines for reporting and writing
about people with disabilities (4™ ed.) [Brochure]. Lawrence, KS: Author.

* The work of famous authors downloaded electronically applies the following form:

The author’s name [comma], initial / names [point], [open small brackets] year of publication [close
little brackets] [point] title of the paper [point], an indication of what kind of material is in square brackets,
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taken (note that work will take) the day, month and year, with (internet address).

Schwarzer, R. (1989). Statistics software for meta-analysis [Computer software and manual].
Retrieved March 23, 2001, http://www.yorku.ca/faculty/academic/schwarze/meta_e.htm

* When the list reference is made to the work that is being prepared for the press, after the authors’
names, in parentheses, listed in the press in English.

Zuckerman, M. Kieffer, SC (in press). Race differences in faceism: Does facial prominence imply
dominance? Journal of Personality and Social Psychology.

* When the list of references cites a newspaper article without the author prints the name of the
article, then the time of publication, then the title and number - in italics, and at the end of the page on
which the article was published. If the title is long, we can shorten the optimum number of words by taking
the first few words.

The new health-care lexicon. (1983, August / September). Copy Editor, 4, 1-2.

« If within the journal as publisher publishes a special issue as a monograph, it is necessary after
heading indicate that it is a monograph.

Ganster, DC, Schaubroeck, J. Sime, WE, & Myers, BT (1991). The nomological validity of the Type
A personality among employed adults [Monograph]. Journal of Applied Psychology, 76, 143-168.

+ When an abstract or summary of the quote as the original source, after the title should be in
parentheses to indicate that it is abstract.

Woolf, NJ, Young, SL, Famselow, MS, & Butcher, LL (1991). Map-2 expression in cholinoceptive
pyramidal cells of rodent cortex and hippocampus is altered by Pavlovian conditioning [Abstract]. Society
for Neuroscience Abstracts, 17, 480 harvesters.

* Titles that are not in English, and we want them to be published in the journal in English, listed in
their native language, and then in the square brackets give the title translation into English. In addition to
the title, everything else remains the mother tongue.

Ising, M. (2000). Intensitatsabhangigkeit evozierter Potenzial their EEG: Sindh impulsive persons
Augmenter stage Reducer? [Intensuty dependence and event related EEG potentials: Are impulsive
individuals augmenters or reducers?]. Zeitschrift fiir Différentiel und diagnostisch Psychology, 21,208-217.

* In the list of literature translated work following a text that we have a year of the original edition
listed in parentheses at the end behind the publisher. When we quote in plain text, year of first publication
and translation writing along with a slash between (eg. Laplace, 1814/1951).

Laplace, P. S. (1951). A philosophical essay on probabilities (FW Troscott & FL Emory, Trans.). New
York: Dover. (Original work published 1814)

* When the list of references cites a paper published in the Proceedings of the translated, italics will
print the name of the collection at the end to add when it published the original.

Freud, S. (1961). The ego and the id. In J. Strachey (Ed. & Trans.), The standard edition of the
complete psychological works of Sigmund Freud (Vol. 19, pp. 3-66). London: Hogarth Press. (Original
work published 1923).

* When you cite articles published on the university or one of the official institutions, universities,
publishers listed as the first name of the university and then university.

Broadhurst, RG, & Maller, RA (1991). Sex offending and recidivism (Tech. Rep. No. 3). Nedlands:
University of Western Australia, Crime Research Center.
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* When the list of sources cites a report of an organization or institution that has no author, it is best
to nominate as the author of this organization, which is also the publisher.

Employee Benefit Research Institute. (1992, February). Sources of health insurance and
characteristics of the uninsured (Issue Brief No. 123). Washington, DC: Author.

+ When the work was published on the Internet as a photocopy, it should cite the original source
noting that this is the electronic version.

Vandenbos, G. Knapp, S., & Doe, J. (2001). The role of reference elements in the selection of
resources by psychology undergraduates [Electronic version]. Journal of Bibliographic Research, 5,
117-123.

* If you download from the Internet work that you believe is different from the original, do not copy
or no numbered pages, then at the end indicate the date of downloads and web address.

Vandenbos, G. Knapp, S., & Doe, J. (2001). The role of reference elements in the selection of
resources by psychology undergraduates [Electronic version]. Journal of Bibliographic Research, 5, 117-
123. Retrieved October 13, 2001, from http://jbr.org/articles.html

* When you download from the Internet a document which has no date or author, then the document
name takes the place of the author or the first place.

8th GVU's WWW User Survey. (Od). Retrieved August 8, 2000, from http://www.cc.gatech.edu/
gvu/user_surveys/survey-1997-10/

* Material from the symposium or a scientific paper which was only exposed, but not published,
listed with the note on which the scientific or professional meeting is material exposed. If the author has
presented on the site, it is desirable to name and web page.

Cuter, LD, Frdlich, B., & Hanrahan, P. (1997, January 16). Twohanded direct manipulation on the
responsive workbench. Paper presented at the 1997 Symposium on Interactive 3D Graphics. Abstract
retrieved June 12, 2000, from http://www.graphics.standard.edu/papers/twohanded/

« Computer software listed noting computer software. Name of the software we write italics.

Miller, M. E. (1993). The Interactive Tester (Version 4.0) [Computer software]. Weastminster, CA:
Psytek Sesvice.

» Data downloaded from the website of the government or other official organization listed noting
data file. The filename of the data listed in italics.

Department of Health and Human Services, National Center for Health Statistics. (1991). National
Health Provider Inventory: Home health agencies and hospices, 1991. [Data file]. Available from the
National Technical Information Service Web site, http://www.ntis.gov

Standards take according to Suzic, N. (2010). Pravila pisanja naucnog rada APA i drugi standardi
[Rules scientific APA work and other standards]. XBS Banja Luka.

Reference management software

The journal has a standard template — IJCRSEE template. To cite reference, it is the easiest way to
use some management software like:

Mendeley (http://www.mendeley.com/features/reference-manager)

EndNote (http://www.endnote.com/support/enstyles.asp) and

Reference Manager (http://refman.com/support/rmstyles.asp).

Above management software have plug-ins to word processing where authors only need to select
the appropriate journal template when preparing their article and the list of references and citations to
these will be formatted according to the journal style as described in this Guide. If you cannot find an
available template, see the list of sample references and citations provided in this Guide to help you
format these according to the journal style.
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After acceptance

Online proof correction

Corresponding authors will receive an e-mail with a link to our online proofing system, where have
to make prof own article. The final version is created in PDF and authors have to accept final version or
to immediately report the error. We will do everything possible to get your article published quickly and
accurately. Please check carefully before replying, as the inclusion of any subsequent corrections cannot
be guaranteed. Proofreading is solely your responsibility.

https://pubpeer.com/Check the comments on published and withdrawn works.

All the articles in this journal have been peer reviewed. Nonetheless, editors and organizers are not
responsible for the content shown in this publication.

Submission Preparation Checklist

As part of the submission process, authors are required to check off their submission’s compliance
with all of the following items, and submissions may be returned to authors that do not adhere to these
guidelines.

The submission has not been previously published, nor is it before another journal for consideration
(or an explanation has been provided in Comments to the Editor).

The submission file is in OpenOffice, Microsoft Word, RTF, or WordPerfect document file format.

Where available, URLs for the references have been provided.

The text is single-spaced; uses a 12-point font; employs italics, rather than underlining (except
with URL addresses); and all illustrations, figures, and tables are placed within the text at the appropriate
points, rather than at the end.

The text adheres to the stylistic and bibliographic requirements outlined in the Author Guidelines,
which is found in About the Journal.

If submitting to a peer-reviewed section of the journal, the instructions in Ensuring a Blind Review
have been followed.

Have checked paper for possible accidental plagiarism. Some plagiarism checker websites includes:
http://www.ithenticate.com, www.grammarly.com,www.plagtracker.com, or www.duplichecker.com

To verify originality, your article may be checked by the originality detection service CrossCheck.
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International Journal of Cognitive Research in Science, Engineering and Education (IJCRSEE)
would like to acknowledge the following reviewers for their assistance with peer review of manuscripts for
issues in 2025. Their comments and suggestions were of great help to the authors in improving the quality
of their papers. Each of the reviewers listed below returned at least one review for these issues.

Thank you Reviewers!

List of International Journal of Cognitive Research in Science, Engineering and Education
(IJCRSEE) reviewers in 2025:

Abdirahman Ibrahim Abdi, SIMAD University, Mogadishu, Somalia

Abdullah Bin Dawood, Department of Psychology, King Saud University, Saudi Arabia
Achmad Salido, Universitas Sembilanbelas November Kolaka, Indonesia

Akerke Umirbekova, Abai Kazakh National Pedagogical University, Kazakhstan

Akmam, M.Si., Physics Department Universitas Negeri Padang, Indonesia

Aleksandar Filipovi¢, University Business Academy in Novi Sad, Faculty of Law for Commerce
and Judiciary in Novi Sad, University of Arts in Belgrade, Center for Interdisciplinary Studies
Aleksandra Milanovi¢, Pedagogical Faculty in Vranje, University of NiS, Serbia

Alena Letina, University of Zagreb Faculty of Teacher Education, Croatia

Andie Tangonan Capinding, Nueva Ecija University of Science and Technology Gabaldon
Campus

Ani Zlateva, Trakia University Stara Zagora, Bulgaria

Aprilyn E. Calvario, Polytechnic University of the Philippines, Philippines

Arburim Iseni, State University of Tetovo, Tetovo, North Macedonia

Atanas Genchev, Sofia University “St. Kliment Ohridski”, Bulgaria

Bielova Olena, Kamianets-Podilskyi Ivan Ohiienko National University, Kamianets-Podilskyi,
Ukraine

Bissera Valeva, Sofia University “St. Kliment Ohridski”, Bulgaria

Blazenka Baclija Susi¢, University of Zagreb Faculty of Teacher Education, Croatia
Boyayitova Irina Valeryevna, GBOU in the Republic of Crimea — Crimean Engineering and
Pedagogical University named after Fevzi Yakubov

Bozidar Banovi¢, University of Belgrade, Faculty of Security Studies, Serbia

Brane R. Mikanovic, Faculty of Philosophy, University of Banja Luka, Serbia

Daliborka Popovi¢, State University of Novi Pazar, Serbia

Danijela Ljubojevié, Institute for Educational Research, Belgrade, Serbia

Danijela MiloSevi¢, Faculty of Technical Sciences, University of Kragujevac, Serbia

Darko Marinkovi¢, Criminal and Police University in Belgrade, Serbia

Darko Ratkovi¢, University of Banja Luka, Faculty of Philosophie, Republic of Srpska

Dejan Sekulic, Faculty of Hotel Management and Tourism, University of Kragujevac, Serbia
Dewa Made Dwikamayuda, Ganesha Education University, Indonesia

Diyana Georgieva, Trakia University, Bulgaria

Dvorianchikov Nickolay, Moscow State University of Psychology and Education, Moscow,
Russia

Ehab Gouda Ahmed Tolba, Mansoura University - Faculty of Specific Education- Department
of Educational and Psychological Sciences, Egypt

Elena Blagoeva, New Bulgarian University, Bulgaria

Elizaveta N. Sagaydachnaya, Rostov State University of Economics, Rostov on Don, Russia
Elmira Uaidullakyzy, Abai Kazakh National Pedagogical University, Kazakhstan

Ering Ergag, Kyrenia University, Northern Cyprus

Fatema Jarwan Al-Alyan, Damascus University-Third Faculty of Education, Syria

Fatemeh Ahmadi, Department o fPhysics, Shahid Rajaee Teacher Training University, Tehran,
Iran
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Firsova Anna Alexandrova, Peoples Friendship University of Russia (RUDN University)

Gonul Akcamete, Near East University, Nicosia, Cyprus

Grozdanka Gojkov, Serbian Academy of Education Belgrade, Serbia

Huseyin Uzunboylu, University of Kyrenia, North Cyprus

| Ketut Suparya, The State Hindu Institute of Mpu Kuturan, Singaraja, Bali, Indonesia

Irfan Saleem, Wittenborg University of Applied Sciences, Netherlands

Ivan Milojevic, University of business studies Bana Luka, Republic of Srpska

Ivana Cimermanova, University of Presov, Faculty of Arts, Slovakia

lvana Viskovi¢, University of Split, Faculty of Humanities and Social Sciences, Department of
Pre-School Education, Croatia

Jasmina Arsenijevi¢, Preschool Teacher Training College in Kikinda, Serbia

Jayson Virtucio Alviar, Department Of Education, Ministry of Basic, Higher, and Technical
Education, Philippines

Jelena Maksimovi¢, Faculty of Philosophy, University of Ni§, Serbia

Jelena Petrovi¢, Faculty of Philosophy, University of Nis, Serbia

Jelena Premovi¢, Faculty of Economics and Engineering Management, University Business
Academy, Novi Sad, Serbia

Kagermazova Laura Tsrayevna, Chechen State Pedagogical University, Russia

Khaled Awad Elballah, King Faisal University, College of Education, Saudi Arabia

Kholina Oksana Aleksandrovna, Taganrog Institute after A.P. Chekhov, branch of the Rostov
State University of Economics RSEU, Taganrog, Russia

Kibalchenko Irina, Department of psychology and life safety, Federal State-Owned Educational
Autonomy Establishment of Higher Education «Southern Federal University», Taganrog,
Russia

Kristina Randelovi¢, Department of Psychology, Faculty of Philosophy, University of Ni§, Serbia
Kunthida Khonkhayan, Faculty of Education and Educational Innovation, Kalasin University,
Thailand

Leposava Grubi¢-Nesi¢, Faculty of Technical Sciences, University of Novi Sad, Serbia

Li-Wei, Wei, General Education, Chinese International College, Dhurakij Pundit University,
Bangkok Thailand

Ljubisa Josimovic, Academy of professional studies South Serbia, Serbia

Madhu Yashpal, Gargi College, University of Delhi, New Delhi, India

Madina Bekturova, SDU University, Denmark

Mahmoud Ali Moussa, Suez Canal University, Faculty of Education, Educational Psychology
department, Egypt

Mahmoud Moussa, Faculty of Education at Suez Canal University, Egypt

Maja Hmelak, UM Pedagos$ka fakulteta|UM Faculty of Education, Slovenia

Manh-Tuan Nguyen, Hanoi National University of Education, Vietnam

Mannu Brahmi, National Resource Centre for Value Education in Engineering, Indian Institute
of Technology, Delhi, India

Marina Semiz, Faculty of Education in Uzice, University of Kragujevac, Serbia

Marina Teofilova Teofilova, St. Cyril and St. Methodius University of Veliko Tarnovo: Veliko
Tarnovo, Bulgaria

Marinela Velikova Mihova, St. Cyril and St. Methodius of Veliko Tarnovo University, Bulgaria
Masturi, Universitas Negeri Semarang, Indonesia

May Ann R. Codera, Technological University of the Philippines — Manila

Media Sasmita, Universitas Negeri Semarang, Indonesia

Merima CauSevi¢, University of Sarajevo — Faculty of Educational Sciences, Bosnia and
Herzegovina

Miha Matjasi¢, Faculty of Education, University of Ljubljana, Slovenia

Milena Nikoli¢, Faculty for Special Education and Rehabilitation, University of Tuzla, Bosnia
and Herzegovina

Milo§ Markovi¢, University Business Academy, Faculty of Law for Commerce and Judiciary,
Novi Sad, Serbia

Muh. Asriadi AM, Yogyakarta State University, Indonesia

Muhammad Imran, Prince Sultan University, Saudi Arabia

Muhammad Malik Hakim, Universitas Diponegoro, Indonesia

Muhammad Syahrul Kahar, Universitas Muhammadiyah Sorong, Indonesia
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Nataliya Ivanova Vitanova, Shumen University "Bishop Konstantin Preslavski’, Shumen,
Bulgaria
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