Journal of

Study and Innovation in Education and Development Volume 6, Issue 5 (2026): 1-37

Designing and Validating a Model of Cognitive Competencies of Technical-
Engineering Students: The Case of the University of Tehran

Sahar Soufi'e, Mansureh Hajhosseini’*e, Javad PourKarimi’s, Ebrahim A<lizadeh*

1. PhD in Educational Psychology, Kish International Campus, University of Tehran, Tehran, Iran

2. Associate Professor, Department of Educational Psychology, Faculty of Educational Sciences and Psychology, University of
Tehran, Tehran, Iran

3. Associate Professor, Department of Educational Management and Planning, Faculty of Educational Sciences and Psychology,
University of Tehran, Tehran, Iran

4. Assistant Professor, Counseling Psychology Department, Faculty of Education and Psychology, Shahid Beheshti University,
Tehran, Iran

ABSTRACT

Received: 20 May 2026
Accepted: 14 Sep 2026

First Available: 15 Sep 2026
Final Publication: 22 Nov 2026

Keywords

Competency, Cognitive
Competency, Entrepreneurial
Self-Leadership, Technical-
Engineering Students, Grounded
Theory, Confirmatory Factor
Analysis

This study aimed to identify and explain the cognitive competencies of technical-engineering students
within a conceptual model and to develop and validate a scale for assessing these competencies. An
exploratory sequential mixed-methods design was employed. In the qualitative phase, 26 academic
experts were recruited through theoretical purposive sampling, and data were collected through semi-
structured interviews and analyzed using Strauss and Corbin’s systematic grounded theory approach
through open, axial, and selective coding. Based on the identified central phenomenon, an initial pool
of 81 items was developed; following content-validity assessment by 14 experts, 66 items were
retained for quantitative evaluation. In the quantitative phase, 401 technical-engineering students at
the University of Tehran were selected using stratified random sampling. Construct validity was
assessed using confirmatory factor analysis (CFA), and reliability was evaluated using Cronbach’s
alpha. Data were analyzed using SPSS 26 and AMOS 24. CFA supported an eight-dimensional
structure comprising critical thinking, creative thinking, visual-spatial thinking, algorithmic thinking,
systems thinking, cognitive flexibility, self-leadership, and practical/entrepreneurial orientation. The
measurement model demonstrated satisfactory fit (¥?>=2353.93, y*/df=1.81, CFI=0.93, GFI1=0.92,
AGFI=0.90, and RMSEA=0.045). All regression weights were statistically significant (p<0.001), with
factor loadings across the eight dimensions ranging from 0.40 to 0.80. Reliability coefficients for all
dimensions exceeded 0.65, providing further evidence for the construct validity and acceptable
psychometric adequacy of the developed scale.Cognitive competency among technical-engineering
students is a multidimensional construct manifested in “entrepreneurial self-leadership” and formed
through the integration of intellectual-mental competencies, self-leadership, and entrepreneurial
orientation. The validated model and accompanying scale provide an empirically supported
framework for competency assessment, educational planning, and the development of competency-
based interventions in engineering education.
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EXTENDED ABSTRACT
INTRODUCTION

Rapid technological change, the expansion of knowledge-based economies, and the
increasing complexity of professional environments have fundamentally altered
expectations regarding university graduates, particularly those in technical and engineering
disciplines. Contemporary engineers are expected not only to possess disciplinary
knowledge and technical expertise but also to demonstrate higher-order cognitive,
adaptive, entrepreneurial, and self-regulatory competencies that enable them to function
effectively in uncertain and dynamic contexts. Accordingly, competency-based education
has become an important orientation in higher education, shifting attention from the mere
acquisition of content toward the development of integrated capacities that can be
transferred to real-world situations. Research on engineering education has similarly
emphasized that universities must prepare students for Industry 4.0 by developing
multidimensional competencies that include problem solving, adaptability, technological
readiness, communication, innovation, and continuous learning (4). Studies of
employability have further shown that technical knowledge alone is insufficient for
successful transition to professional practice and that transferable competencies,
adaptability, critical thinking, and the capacity to apply knowledge in authentic situations
are increasingly valued in the labor market (1, 2).

Within this changing landscape, cognitive competencies are especially important
because they underlie the ways in which students interpret information, structure problems,
generate alternatives, regulate their own thinking, and make decisions. A systematic review
of students’ cognitive competencies has shown that the construct encompasses a range of
higher-order processes, including critical thinking, problem solving, self-regulation,
cognitive flexibility, and information processing, while also revealing considerable
conceptual diversity in how these competencies are defined and operationalized (11). This
conceptual ambiguity is particularly important in engineering education because cognitive
competencies are frequently conflated with soft skills, professional skills, academic
performance, or general employability attributes. Engineering students, however, face
discipline-specific cognitive demands such as systems thinking, algorithmic reasoning,
visual-spatial representation, design-oriented problem solving, and the ability to connect
detailed technical components to broader system objectives. Therefore, engineering
education requires a model that distinguishes the underlying cognitive structures of

competent performance from its behavioral or occupational outcomes.



The development of such competencies is also closely linked to the quality of the
university environment and teaching-learning processes. Evidence from engineering
education indicates that active learning, appropriate assessment, authentic problem solving,
interaction with instructors, and alignment between academic training and professional
requirements contribute to the development of highly employable engineering graduates
(7). The lived experiences of Iranian engineering students studying in international
environments have likewise highlighted the importance of participatory teaching, learner
autonomy, interaction, and practical engagement in shaping meaningful learning
experiences (8). At a broader level, concerns about quality in Iranian engineering education
have historically been associated with the responsiveness of universities to social,
industrial, and professional needs (5). Consequently, cognitive competency should not be
regarded exclusively as an individual characteristic; rather, it develops through interaction
between personal capacities, instructional practices, institutional climate, access to learning
opportunities, and the broader professional ecosystem.

Technological transformation has further intensified the need to reconsider the
cognitive requirements of engineering students. The emergence of artificial intelligence,
digital platforms, and smart systems means that students must not only learn to use
technological tools but also evaluate them critically, select appropriate applications,
understand their limitations, and integrate them into purposeful problem-solving processes.
Studies have shown that information-technology self-efficacy is associated with actual
technological competency, technology use, and productivity among university students
(14). Moreover, the use of emerging technologies has become an important dimension of
fourth-generation universities and requires simultaneous development of institutional,
human, and technological capacities (15). In the context of digital entrepreneurship,
perceived artificial-intelligence competency and the university environment have also been
associated with students’ entrepreneurial intentions, suggesting an increasingly close
relationship among cognitive capability, technological competence, and entrepreneurial
orientation (16).

Entrepreneurial orientation is particularly relevant to engineering because
engineering knowledge increasingly needs to be translated into products, services,
innovations, and solutions that create economic and social value. The position of
entrepreneurship in engineering education has therefore received increasing attention, with
emphasis placed on preparing students to recognize opportunities, connect technical

knowledge with market needs, and transform ideas into practical outcomes (17). Similarly,
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the development of global, indigenous, and future-oriented perspectives in engineering
curricula has been proposed as essential for preparing graduates to respond simultaneously
to local needs and global technological developments (6). Taken together, these
developments suggest that the cognitive competency of engineering students should be
conceptualized as a multidimensional and context-sensitive construct involving
intellectual-mental abilities, self-directed regulation, flexibility, technological capability,
and entrepreneurial application. The present study was therefore conducted to identify and
explain the cognitive competencies of technical-engineering students, develop a conceptual
model of these competencies, and design and validate an appropriate measurement scale
among students at the University of Tehran.

METHODS AND MATERIALS

The study employed an exploratory sequential mixed-methods design consisting of
qualitative model development followed by quantitative scale construction and validation.
In the qualitative phase, 26 academic experts were selected through theoretical purposive
sampling. Participants represented engineering disciplines as well as psychology,
educational management, curriculum studies, counseling, human resource development,
higher education management, and educational technology. Data were collected through
face-to-face semi-structured interviews. Interviews continued until theoretical saturation
was reached. The qualitative data were analyzed using the systematic grounded theory
procedure, including open, axial, and selective coding. Trustworthiness was enhanced
through peer review, expert checking, theoretical saturation, rich description, maintenance
of an audit trail, and recoding by researchers familiar with mixed-methods research and
grounded theory.

The qualitative analysis yielded the conceptual basis for development of the
cognitive competency instrument. An initial pool of 81 items was generated from the
qualitative codes and relevant conceptual domains. Fourteen experts evaluated the items in
terms of clarity, relevance, necessity, linguistic appropriateness, and contextual suitability.
Content Validity Ratio and Content Validity Index procedures were applied, resulting in
removal of 15 items and preparation of a preliminary 66-item scale. Following further
psychometric screening, the final factor-analytic structure contained 53 items across eight
dimensions.

The quantitative population consisted of technical-engineering students enrolled at
the University of Tehran and its regional campuses during the 2025-2026 academic year.

Stratified random sampling was used. A total of 425 questionnaires were initially



distributed, and 401 complete and analyzable responses were retained. The quantitative
analysis focused on assessment of assumptions, construct validity, model fit, factor
loadings, item-total correlations, and internal consistency. Confirmatory factor analysis
was conducted using AMOS 24, while descriptive statistics and reliability analyses were
performed using SPSS 26. Competing measurement models were compared in order to
determine whether the proposed multidimensional structure provided a better
representation of the data than a one-factor structure.

FINDINGS

The qualitative analysis initially generated 251 concepts from the interview data.
Following elimination of repetitions and integration of conceptually overlapping material,
241 unique open concepts were retained and organized into 52 conceptual categories. Axial
coding produced 11 axial codes, which were subsequently integrated into nine selective
categories distributed across the six components of the paradigmatic model.

The causal conditions consisted of university culture/climate and engineering
education. These included a safe and dynamic university environment, academic quality,
collaborative learning, constructive discussion, modern pedagogies, and appropriate
assessment. The central phenomenon was identified as the cognitive competency of
technical-engineering students, conceptualized as “entrepreneurial self-leadership.” This
central phenomenon comprised three broad domains: intellectual-mental competencies,
self-leadership competencies, and entrepreneurial competencies. Intellectual-mental
competencies included critical thinking, problem solving, creativity, risk taking, visual-
spatial thinking, algorithmic thinking, curiosity, reflection and reframing, reasoning and
explanation, generation of alternative solutions, process-oriented thinking, holistic
thinking, part-whole analysis, and long-term thinking. Self-leadership consisted of self-
awareness, self-efficacy, and emotional self-regulation. Entrepreneurial competencies
included practical orientation, knowledge of domestic and international markets,
entrepreneurial inclination, and learning from failure.

The contextual conditions comprised equality of access to opportunities and
interdisciplinary education and learning. The intervening conditions consisted of
comprehensive empowerment of students and faculty members and technological
intelligence and expertise. Interaction with industry emerged as the principal strategy and
included internships, modern laboratory equipment, festivals and academic competitions,

and positive competitive engagement. Career excellence was identified as the principal
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consequence and involved professional advancement, skill orientation, contribution to
societal development, and value creation.

In the quantitative phase, univariate normality was supported, as skewness and
kurtosis values remained within acceptable ranges. Multicollinearity was also not
problematic because tolerance values exceeded 0.10 and all Variance Inflation Factor
values were below 3. The one-factor measurement model showed poor fit, with
v*=3666.04, */df=2.76, GFI=0.71, AGFI=0.69, CFI=0.61, and RMSEA=0.067. In
contrast, the proposed eight-factor first-order model demonstrated substantially better fit:
*=2353.93, ¥*/df=1.81, GFI=0.92, AGFI=0.90, CFI=0.93, and RMSEA=0.045. These
indices supported the multidimensional structure of the scale.

All regression weights in the confirmatory factor analysis were statistically
significant at p<0.001. Factor loadings ranged from 0.56 to 0.71 for critical thinking, 0.40
to 0.61 for creative thinking, 0.41 to 0.60 for visual-spatial thinking, 0.45 to 0.61 for
algorithmic thinking, 0.43 to 0.65 for systems thinking, 0.41 to 0.80 for cognitive
flexibility, 0.51 to 0.66 for self-leadership, and 0.52 to 0.72 for practical orientation.
Reliability coefficients for the dimensions were acceptable, with all Cronbach’s alpha
values above 0.65. Overall, the results supported the construct validity,
multidimensionality, and acceptable internal consistency of the developed cognitive
competency scale.

DISCUSSION AND CONCLUSION

The findings indicate that cognitive competency among technical-engineering
students is not a single general ability but a multidimensional construct integrating several
distinct yet related forms of thinking and self-regulation. The superior fit of the eight-factor
model compared with the one-factor alternative provides empirical support for
distinguishing critical, creative, visual-spatial, algorithmic, and systems thinking from
cognitive flexibility, self-leadership, and practical orientation. This multidimensionality is
consistent with the actual demands of engineering practice, where individuals must
simultaneously analyze evidence, structure complex problems, visualize systems, develop
sequential solutions, reconsider unsuccessful strategies, regulate their own learning, and
translate technical knowledge into practical outcomes.

The identification of entrepreneurial self-leadership as the central phenomenon
offers an integrative interpretation of these competencies. In this model, cognitively
competent engineering students are not merely efficient problem solvers; they are active

agents who understand their own capabilities, regulate their thinking and emotions, tolerate



uncertainty, learn from failure, recognize opportunities, and direct technical knowledge
toward useful outcomes. Entrepreneurship is therefore interpreted not simply as a career
choice but as a cognitive-practical orientation toward opportunity recognition, future
thinking, application, and value creation.

The findings also demonstrate that cognitive competency cannot be separated from
the educational environment in which it develops. University climate, collaborative
learning, modern pedagogy, fairness of opportunities, interdisciplinary interaction, faculty
development, technological expertise, and access to authentic professional experiences all
contribute to the emergence or strengthening of these competencies. Accordingly,
responsibility for competency development should not be placed solely on individual
students. Universities must create learning environments in which students repeatedly
encounter complex problems, receive opportunities for reflection and revision, engage with
multiple disciplinary perspectives, and apply their knowledge in authentic settings.

Interaction with industry emerged as a particularly important strategy because it
provides a bridge between cognitive potential and professional performance. Internships,
laboratories, competitions, and authentic engineering projects allow students to test
theoretical knowledge against real constraints and to experience uncertainty, failure,
adaptation, and decision making. Such experiences may transform abstract cognitive
capacities into usable professional competencies.

Overall, the study provides a theoretically grounded and empirically validated model
of cognitive competencies for technical-engineering students. The proposed framework
conceptualizes cognitive competency as entreprencurial self-leadership arising from the
interaction of intellectual-mental capabilities, self-leadership, cognitive flexibility, and
application-oriented thinking. The validated eight-dimensional scale offers a potentially
useful instrument for assessing these competencies, identifying students’ developmental
needs, evaluating educational programs, and informing competency-based curriculum
design. The model further suggests that strengthening cognitive competencies requires
simultaneous attention to individual cognition, instructional practices, technological
readiness, equitable learning opportunities, interdisciplinary engagement, and university-
industry interaction. These findings may provide a foundation for more systematic

development and assessment of cognitive competencies in engineering education.
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1 - Mixed method

2- Exploratory Sequential Design

3 - Grounded Theory (GT)

4- Creswell

5- Clarck

6- Fundamentat-Developmental Research
7 - Fundamental Research

8- Explanatory

9- Theoretical Purposeful Sampling
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1- Lincoln

2- Guba

3- Varification & Validation
4- Member Checking
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1- Peer Debriefing/Review
2- Confirmatory Factor Analysis (CFA)
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1- Kline
2- Stratified Random Sampling
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