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ABSTRACT

This study aimed to analyze the impact of integrating artificial intelligence
technologies into higher education curricula on students’ cognitive, analytical, and
research competencies. This applied quantitative study employed a descriptive—
correlational design. The population consisted of undergraduate and master’s
students at higher education institutions in Torbat Heydariyeh, selected through
stratified random sampling. Data were collected using standardized and researcher-
developed questionnaires measuring Al curriculum integration and cognitive,
analytical, and research competencies. Descriptive statistics, correlation analysis,
multiple regression, and structural equation modeling were used for data analysis.
Inferential analyses indicated that Al integration in the curriculum had a significant
positive effect on all three competency domains. The strongest effect was observed
for research competencies, followed by analytical and cognitive competencies.
Structural equation modeling confirmed the adequacy of the proposed model and
the significance of both direct and indirect effects. The findings suggest that
systematic integration of Al technologies into higher education curricula can
substantially enhance students’ cognitive, analytical, and research competencies
and support deeper, research-oriented learning.
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EXTENDED ABSTRACT
INTRODUCTION

The rapid expansion of artificial intelligence (Al) technologies has become one of
the most influential drivers of transformation in higher education systems worldwide.
Universities are no longer confronted merely with the question of whether Al should be
used, but rather with how it should be systematically and pedagogically integrated into
curricula to enhance learning outcomes and academic competencies. Recent scholarship
emphasizes that Al has moved beyond being a supplementary technological tool and now
functions as a structural component capable of reshaping curriculum design, instructional
strategies, assessment practices, and research training (1, 2). Within this evolving
landscape, curriculum integration of Al is increasingly viewed as a strategic response to
the demands of knowledge-based economies and digitally mediated societies.

A central concern in this transformation is the development of higher-order student
competencies, particularly cognitive, analytical, and research competencies. Cognitive
competencies, including conceptual understanding, cognitive flexibility, and problem-
solving, constitute the foundation of meaningful learning in higher education. Studies
suggest that Al-driven adaptive learning systems and intelligent feedback mechanisms can
support deeper cognitive engagement by personalizing learning pathways and aligning
instructional content with individual learner needs (3, 4). Analytical competencies, such as
critical thinking, logical reasoning, and data analysis, are equally essential in an era
characterized by information overload and data-intensive decision-making. Research
indicates that Al-based analytical tools and simulations can strengthen these competencies
by enabling students to work with complex datasets and engage in advanced analytical
processes (5, 6).

Research competencies represent another critical dimension of higher education
outcomes. Universities are expected not only to disseminate existing knowledge but also
to cultivate the skills required for knowledge production. Al-powered research assistants,
text-mining tools, and data analysis platforms have demonstrated significant potential in
supporting academic research processes, from literature review and data interpretation to
academic writing and dissemination (5, 7). However, prior studies also caution that the
benefits of Al in research education depend heavily on how these technologies are
embedded within curricular structures and guided by pedagogical and ethical frameworks

(8, 9).



Despite the growing body of international research on Al in higher education, much
of the existing literature focuses on perceptions, readiness, or isolated instructional
applications rather than on the integrated curricular impact of Al on multiple dimensions
of student competency development (14, 15). Moreover, empirical evidence from non-
metropolitan and context-specific higher education settings remains limited. Addressing
these gaps, the present study examines the impact of integrating Al technologies into higher
education curricula on students’ cognitive, analytical, and research competencies, offering
a comprehensive empirical perspective grounded in curriculum-level integration.

METHODS AND MATERIALS

This study adopted a quantitative, applied research design with a descriptive—
correlational approach. The research population consisted of undergraduate and master’s
students enrolled in higher education institutions in the city of Torbat Heydariyeh during
the academic year of the study. Given the diversity of academic disciplines and levels of
study, a stratified random sampling method was employed to ensure proportional
representation of students from humanities, engineering, basic sciences, and education-
related fields. Eligibility criteria included active enrollment, completion of at least one
academic semester, and prior exposure to Al-based tools or content within coursework or
academic activities.

Data were collected using standardized and researcher-developed questionnaires
designed to measure the extent of Al integration in the curriculum and students’ cognitive,
analytical, and research competencies. The Al curriculum integration scale assessed
students’ experiences with intelligent learning systems, adaptive educational platforms,
Al-supported assessment tools, and research-oriented Al applications. Cognitive
competencies were measured through indicators such as conceptual understanding,
cognitive flexibility, and problem-solving ability. Analytical competencies included
critical thinking, logical reasoning, and data interpretation skills, while research
competencies focused on literature searching, research design, data analysis, and academic
writing. Content validity was established through expert review, and internal consistency
reliability was confirmed using Cronbach’s alpha coefficients. Questionnaires were
administered both electronically and in person to maximize participation.

Data analysis was conducted using descriptive and inferential statistical techniques.
Descriptive statistics summarized demographic characteristics and central tendencies of
the main variables. Inferential analyses included correlation analysis, multiple regression,
and structural equation modeling to examine the predictive and relational patterns between
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Al curriculum integration and the three competency domains. Statistical assumptions were
tested prior to analysis, and standard significance thresholds were applied.

FINDINGS

The analysis was conducted on data obtained from 300 undergraduate and master’s
students enrolled in higher education institutions in Torbat Heydariyeh. Descriptive
statistics indicated that the mean score for perceived Al integration in the curriculum was
3.68 with a standard deviation of 0.71, suggesting a moderately high level of exposure to
Al-based educational tools. The mean score for cognitive competencies was 3.74 (SD =
0.66), for analytical competencies 3.81 (SD = 0.63), and for research competencies 3.69
(SD =0.69). These values demonstrate that, overall, students evaluated their competencies
in all three domains as above average, with analytical competencies showing the highest
mean level.

Pearson correlation analysis revealed statistically significant positive relationships
between Al curriculum integration and all three competency domains. The correlation
between Al integration and cognitive competencies was r = 0.52 (p < 0.01), indicating a
moderate positive association. A stronger relationship was observed between Al
integration and analytical competencies (r = 0.58, p < 0.01), while the strongest correlation
emerged for research competencies (r = 0.61, p < 0.01). These coefficients suggest that as
the level of Al integration in the curriculum increases, students’ perceived competencies—
particularly research-related skills—also increase.

To further examine the predictive power of Al integration, multiple regression
analyses were performed separately for each competency domain. Al curriculum
integration significantly predicted cognitive competencies (B = 0.47,t = 8.92, p < 0.001),
explaining approximately 22% of the variance in this outcome variable (R? = 0.22). For
analytical competencies, the standardized regression coefficient was f = 0.51 (t=9.84, p
< 0.001), with the model accounting for 26% of the variance (R? = 0.26). The strongest
predictive effect was found for research competencies, where Al integration yielded a
standardized coefficient of B =0.56 (t =10.73, p <0.001), explaining 31% of the variance
(R? = 0.31). These results indicate that Al integration has a substantial and progressively
stronger impact across cognitive, analytical, and research domains.

Structural equation modeling was employed to test the overall conceptual model.
The model demonstrated acceptable to good fit indices (y*/df = 2.41, CFI = 0.93, TLI =
0.92, RMSEA = 0.069). All direct paths from Al curriculum integration to cognitive (p =
0.49, p <0.001), analytical (B =0.54, p <0.001), and research competencies (f = 0.59, p <



0.001) were statistically significant. In addition, indirect effect analysis showed that
cognitive and analytical competencies jointly mediated part of the relationship between Al
integration and research competencies, accounting for approximately 18% of the total
effect. This finding suggests that Al integration enhances research competencies not only
directly but also indirectly through improvements in students’ cognitive and analytical
capacities.

Overall, the quantitative results provide strong empirical support for the positive and
meaningful role of Al curriculum integration in enhancing higher education students’
cognitive, analytical, and research competencies, with the magnitude of effects being most
pronounced in the domain of research skills.

DISCUSSION AND CONCLUSION

The results of this study provide empirical evidence that integrating Al technologies
into higher education curricula can meaningfully enhance students’ cognitive, analytical,
and research competencies. The particularly strong effect on research competencies
suggests that Al functions not only as a learning support tool but also as a catalyst for
advancing research-oriented skills central to the mission of higher education. By
facilitating access to information, supporting data analysis, and structuring research
processes, Al appears to enable students to engage more effectively with academic research
tasks.

The positive impact on analytical competencies underscores the role of Al in
promoting higher-order thinking skills. Al-driven analytical tools encourage students to
move beyond surface-level engagement with content and toward deeper examination,
evaluation, and synthesis of information. Similarly, gains in cognitive competencies reflect
the capacity of adaptive and intelligent learning systems to support individualized learning
trajectories and deeper conceptual understanding.

Importantly, the findings suggest that the benefits of Al are not automatic but are
contingent upon purposeful curricular integration. When Al is embedded within
curriculum objectives, learning activities, and assessment strategies, it can generate a chain
of positive effects that extend from foundational cognitive processes to advanced research
capabilities. This highlights the importance of viewing Al integration as a pedagogical and
curricular issue rather than a purely technological one.

In conclusion, the study demonstrates that systematic integration of Al technologies
into higher education curricula can play a transformative role in developing essential
student competencies. By strengthening cognitive, analytical, and research skills, Al-
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enhanced curricula can better prepare students for the complex academic and professional
challenges of the digital era. These findings underscore the need for strategic curriculum
planning, faculty development, and institutional support to ensure that Al is leveraged in
ways that align with educational goals and promote sustainable academic excellence.
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