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CRITICAL THINKING OF UNIVERSITY STUDENTS IN THE ERA OF
ARTIFICIAL INTELLIGENCE

Abstract. The rapid expansion of artificial intelligence (Al) tools in higher education has reopened
fundamental questions about the trajectory of students' critical thinking (CT) development. This article reports
the results of a longitudinal cohort diagnostic study conducted at three higher education institutions in Astana,
Republic of Kazakhstan L.N. Gumilyov Eurasian National University, Kazakh National University of Sports,
and Saken Seifullin Kazakh Agro Technical Research University across four measurement points: 2020, 2022,
2024, and 2026, with a total sample of 334 students. CT was assessed using the Starkey Critical Thinking Test,
adapted for Russian-language audiences, which measures analytical reasoning, argument evaluation, fallacy
identification, evidence assessment, and problem-solving capacity. Inferential analyses employed the Mann—
Whitney U test, Cohen's d effect sizes, and the Kruskal-Wallis omnibus test. Three research hypotheses were
formulated and tested: that CT levels would demonstrate a statistically significant positive trajectory over the
study period; that the period of active Al adoption (2023-2024) would coincide with a peak in CT
performance; and that subsequent normalisation of Al use would be associated with a partial decline. The
results confirm statistically significant improvement from 2020 (M = 14.07, SD = 3.71) to 2024 (M = 18.58,
SD = 4.44), with a large effect size (d = 1.10, p < 0.001), and a statistically non-significant partial decline in
2026 (M =17.03, p = 0.059). The overall Kruskal-Wallis test confirms significant between-cohort differences
(H =43.13, p < 0.001). The findings are discussed in relation to active pedagogical strategies, media literacy,
and the dual role of Al as both a stimulus and a potential inhibitor of critical reasoning. Implications for
competency-based curriculum reform within the Bologna Process framework are considered.

Keywords: critical thinking; higher education; longitudinal study; Starkey test; artificial intelligence;
media literacy; active learning; Bologna Process; Kazakhstan; competency-based education.

Introduction

The question of whether university education genuinely develops students' capacity for critical,
independent reasoning has acquired new urgency in the context of digitalisation and the widespread adoption
of generative artificial intelligence tools. When Al systems can produce coherent, persuasive text on virtually
any academic topic within seconds, the value added by higher education can no longer rest on information
transmission alone. It must reside, above all, in the cultivation of the capacity to evaluate, question, and reason
that is, in critical thinking (CT).

Kazakhstani higher education has been navigating this challenge within the broader context of Bologna
Process-aligned reform. The State Programme for the Development of Education and Science of the Republic
of Kazakhstan (2020-2025) explicitly designates critical thinking as one of the core broad-spectrum skills that
university graduates must demonstrate, alongside research competence, ICT literacy, communicative
flexibility, and problem-solving capacity (Government of the Republic of Kazakhstan, 2019). This
programmatic commitment was deepened and extended by the Concept for the Development of Pre-School,
Secondary, Technical and Vocational Education of the Republic of Kazakhstan for 2023—-2029. The Concept
reorients national educational policy from remedying systemic deficits toward placing the learner and their
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future competencies at the centre, explicitly listing critical thinking, global competencies, and emotional
intelligence as the defining outcomes of modernised curricula (Government of the Republic of Kazakhstan,
2023). In its revised edition, the Concept further stipulates the integration of artificial intelligence elements
into state educational standards, with critical thinking and information literacy identified as the competencies
to be cultivated through Al-enhanced learning environments. Yet the empirical evidence on whether CT is
actually developing among students, and how that trajectory has been affected by the COVID-19 pandemic,
post-pandemic pedagogical restructuring, and the emergence of generative Al, remains scarce particularly
from Central Asian institutional contexts.

The present study directly addresses this gap. Drawing on a series of diagnostic measurements conducted
at three higher education institutions in Astana: L.N. Gumilyov Eurasian National University (ENU), Kazakh
National University of Sports (KNUS), and Saken Seifullin Kazakh Agro Technical Research University
(KazATU), between 2020 and 2026, we report the first longitudinal cohort analysis of CT development
spanning the pre-pandemic, post-pandemic, early Al, and normalised Al periods in this regional context. The
study builds on the authors' earlier work on CT diagnostics and active learning strategies in Kazakhstani
vocational and higher education (Bekbayeva et al., 2020; Bekbayeva et al., 2022; Bekbayeva & Seidina, 2025),
extending it with new data and a comparative longitudinal framework.

Three research hypotheses structure the inquiry. H1: CT levels among students will demonstrate a
statistically significant positive trajectory over the 2020-2026 period, reflecting cumulative effects of
competency-oriented pedagogical reform. H2: The period coinciding with the initial adoption of generative
Al tools (2023-2024) will mark a peak in CT performance, reflecting the stimulating effect of novel
technological engagement on analytical reasoning. H3: Subsequent normalisation of Al use (2025-2026) will
be associated with a partial, though not necessarily significant, decline in CT scores, reflecting a shift from
active to passive Al engagement patterns.

Literature Review
Critical Thinking: Conceptual Foundations

Critical thinking in higher education has been conceptualised along three main dimensions in the
contemporary literature. The cognitive dimension encompasses discrete skills including analysis, inference,
evaluation, and argumentation that allow students to assess the quality of information and construct logically
warranted conclusions (Yessekeshova et al., 2020; Bezanilla et al., 2021). The metacognitive dimension
involves the conscious regulation of one's own reasoning processes: monitoring for bias, recognising gaps in
understanding, and adjusting cognitive strategies in response to feedback (Rivas et al., 2022). The dispositional
dimension refers to stable intellectual orientations as curiosity, open-mindedness, and epistemic humility that
determine whether a student who possesses CT skills actually applies them spontaneously in novel contexts
(Alvarez-Huerta et al., 2023).

This three-part framework is particularly significant for the Kazakhstani context, where educational
reform has traditionally emphasised knowledge acquisition over the cultivation of evaluative and reflective
capacities. The competency-based approach introduced through Bologna Process alignment requires that
graduates not merely know content but demonstrate the ability to apply knowledge critically, handle
uncertainty, and make informed judgements, all of which presuppose well-developed CT in all three
dimensions (Temirgazina et al., 2024).

Factors Shaping Critical Thinking Development

The empirical literature identifies pedagogical, psychological, sociocultural, and technological factors as
the principal determinants of CT outcomes in university students. Among pedagogical factors, the most
robustly evidenced approaches include problem-based learning (PBL), multi-level task design, inquiry-based
learning, and case-based discussion (Yu & Zin, 2023; Bekbayeva et al., 2022). Multi-level task structures in
particular where the cognitive demand of tasks is calibrated to challenge students progressively across
analysis, synthesis, and evaluation have been shown to produce measurable CT gains among university
students (Bekbayeva et al., 2021).

Media resources constitute an additional pedagogical lever whose potential for CT development has
received growing attention. The use of audio-visual materials, digital texts, and media content as objects of
critical analysis requiring students to evaluate source credibility, identify persuasive strategies, and assess
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evidence quality engages multiple CT skill dimensions simultaneously. Bekbayeva and Seidina (2025), in a
study of 218 students at a Kazakhstani university using a multi-level media task design, demonstrated
statistically significant CT improvements (Cramer—Welch test), confirming the effectiveness of this approach
for developing analytical, synthesis, and evaluation competencies in Russian-language academic contexts.

Among psychological factors, metacognition has emerged as the most consistent predictor of CT growth.
Rivas, Saiz, and Ossa (2022) demonstrated through controlled experimentation that metacognitive self-
regulation training produces substantially larger CT improvements than skills-focused instruction alone,
establishing metacognition as a causal mechanism rather than merely a correlate of CT performance.
Guamanga, Saiz, Rivas, and Morales Bueno (2025) further showed, using structural equation modelling, that
CT predicts metacognition, which in turn predicts psychological well-being and empathy positioning CT as a
core personal quality with implications beyond academic performance.

Technological factors present a more complex and contested picture. The systematic review by Melisa et
al. (2025), covering Al's effects on CT in higher education, identified a paradoxical dynamic: students who
engage critically with Al-generated content as questioning, fact-checking, and evaluating it tend to develop
stronger CT skills, while those who use Al primarily to replace independent analytical effort show diminished
reasoning capacity over time. This paradox is further elaborated in the bibliometric analysis of Salido et al.
(2025), which mapped five thematic clusters in the Al-and-CT literature and identified pedagogical innovation
and Al literacy as the two areas of most rapid growth since the widespread adoption of ChatGPT in 2023.

CT Diagnostics: Instruments and Approaches

The assessment of CT in empirical research relies on a combination of standardised psychometric
instruments and performance-based tasks. Among internationally validated measures, the Watson-Glaser
Critical Thinking Appraisal, the California Critical Thinking Skills Test, and the PENCRISAL (developed by
Rivas and Saiz at the University of Salamanca) are most widely used in Scopus- and WoS-indexed research
(Araujo et al., 2024; Wang & Abdullah, 2024). A critical limitation of these instruments in the Central Asian
context is the absence of validated Russian-language adaptations with established norms for Kazakhstani
university populations.

The Starkey Critical Thinking Test, adapted for Russian-language audiences and employed in the present
study, addresses this gap. It is a 27-item multiple-choice instrument assessing applied reasoning across five
competency areas: argument recognition and evaluation, fallacy identification, evidence assessment, source
credibility evaluation, and solution analysis. Its psychometric properties in the Kazakhstani context have been
established in earlier work by the research team (Bekbayeva & Seidina, 2025; Bekbayeva et al., 2020),
providing the methodological continuity necessary for longitudinal comparison. Score interpretation follows
three levels: Low (0-9 points), Medium (10-18 points), and High (19-27 points).

Research Gap and Contribution

Despite significant international activity, CT research from Central Asian higher education contexts
remains substantially underrepresented in high-impact indexed publications (Andreucci-Annunziata et al.,
2023). The present study addresses this gap in three ways: by providing longitudinal diagnostic data spanning
six years and four distinct technological-pedagogical phases; by employing a locally validated instrument with
established comparability across measurement points; and by situating empirical findings within the
theoretical and policy frameworks most relevant to Kazakhstani higher education as the Bologna Process
competency agenda and the national education development programme.

Methodology
Research Design and Rationale
The study employs a longitudinal cohort design with four independent cross-sectional measurement
points: October 2020, May 2022, December 2024, and March 2026. This design comparing distinct student
cohorts at successive timepoints rather than tracking the same individuals allows examination of how CT
levels among incoming university students have shifted across successive academic generations, each
encountering a different technological and pedagogical environment. While individual-level longitudinal
tracking would permit stronger causal claims, the cohort design is appropriate for the research objectives and
consistent with practice in educational trend research (Wang & Abdullah, 2024).
The four measurement points correspond to four analytically distinct contextual phases: the pre-pandemic
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baseline (2020); the early post-pandemic period, marked by rapid transition to blended learning (2022); the
first year of widespread generative Al availability in Kazakhstan (2024); and the period of normalised Al
integration (2026). This temporal structure makes the dataset uniquely suited to examining the hypothesised
relationships between CT development and technological context.
Participants
The total sample comprised 334 students across four cohorts: 2020 (n = 91; female = 54, male = 37), 2022
(n = 48), 2024 (n = 59; female = 32, male = 27), and 2026 (n = 136; female = 116, male = 20). Participants
were recruited from three higher education institutions in Astana, Republic of Kazakhstan: L.N. Gumilyov
Eurasian National University, the Kazakh National University of Sports (KNUS), and Saken Seifullin Kazakh
Agro Technical Research University (KazATU). All three institutions have been implementing Bologna
Process-aligned competency-based curricula, making the multi-institutional sample representative of the
broader Kazakhstani higher education reform context. Students were enrolled in first and second years of
undergraduate programmes spanning agricultural, natural science, and pedagogical fields. The age range was
predominantly 18-21 years. Participation was entirely voluntary; students were informed of the study
objectives and guaranteed full confidentiality of their individual results. The notable gender imbalance in the
2026 cohort (85.3% female) reflects programme-specific enrolment patterns at the participating institutions in
that academic year and is acknowledged as a potential confounding variable in the interpretation of results.
Instrument
The Starkey Critical Thinking Test is a 27-item multiple-choice instrument assessing applied reasoning
in realistic everyday and academic scenarios. Each item presents a situation and requires the student to identify
the most logically defensible response from four alternatives. Items target five competency areas: argument
recognition and evaluation (items 1-6); fallacy identification, including ad hominem, post hoc reasoning, false
dichotomy, and circular reasoning (items 7-13); evidence quality assessment (items 14-18); source credibility
evaluation (items 19-22); and problem identification and solution analysis (items 23-27). Correct responses
are scored 1 point each; total scores range from 0 to 27. The test was administered digitally through a Google
Forms interface, with individual responses and total scores recorded automatically. The Russian-language
adaptation used in this study has been applied consistently across all four measurement points, ensuring
instrument comparability (Bekbayeva & Seidina, 2025).
Statistical Analysis
Data were processed using Python 3.11 (scipy.stats library). For each cohort, descriptive statistics were
computed including mean (M), standard deviation (SD), standard error (SE), median, minimum, and
maximum. Distribution normality was assessed using the Shapiro—Wilk test. Since the 2024 (W =0.944, p =
0.009) and 2026 (W = 0.973, p = 0.008) cohorts violated normality assumptions, all inferential comparisons
used non-parametric methods. Pairwise between-cohort comparisons employed the Mann—Whitney U test
(two-tailed, a = 0.05). Effect sizes were computed as Cohen's d using pooled standard deviations, with
conventional thresholds of small (0.2-0.5), medium (0.5-0.8), and large (> 0.8) following Cohen (1988).
Between-group differences across all four cohorts were assessed using the Kruskal-Wallis H test.

Results And Discussion
Descriptive Statistics and Level Distribution
Table 1 presents the combined descriptive statistics and CT level distributions for all four cohorts. The
data reveal a pronounced non-linear trajectory: an upward trend from 2020 to 2024, a peak in 2024, and a
partial reversal in 2026. The mean score rose from 14.07 in 2020 to 18.58 in 2024 — an increase of 4.51
points, corresponding to a shift from the middle of the Medium level to the threshold of the High level. In
2026, the mean declined to 17.03, remaining above the 2022 value but below the 2024 peak.
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Table 1
Descriptive statistics and CT level distribution by cohort (Starkey Critical Thinking Test, 0—27 points)
Year N M SD Min Max Mdn SE Low, % Med, % High, %
2020 91 14.07 3.71 6 22 14.0 0.39 12.1 74.7 13.2
2022 48 15.42 3.61 7 22 16.0 0.52 4.2 75.0 20.8
2024 59 18.58 4.44 7 25 19.0 0.58 1.7 39.0 59.3
2026 136 17.03 5.28 2 27 17.0 0.45 10.3 47.8 41.9

The level distribution data amplify this picture. The proportion of students achieving the High CT level
rose dramatically from 13.2% in 2020 to 59.3% in 2024 — a more than fourfold increase over four years.
Simultaneously, the Low level proportion fell from 12.1% to 1.7%. In 2026, the High level proportion declined
to 41.9% while the Low level partially recovered to 10.3%, suggesting a redistribution of students from the
High level toward the Medium and Low categories. The standard deviation also increased from 3.71 (2020)
to 5.28 (2026), indicating growing heterogeneity in CT outcomes — a pattern consistent with diverging student
engagement patterns under conditions of widespread Al availability.

Hypothesis Testing: Inferential Results

The omnibus Kruskal-Wallis test confirmed statistically significant overall differences across all four
cohorts (H = 43.13, p < 0.001), warranting pairwise comparisons. Table 2 presents all six pairwise Mann-—
Whitney U comparisons with associated statistics.

Table 2

Pairwise Mann—Whitney U test results with effect sizes (o. = 0.05)
Comparison U p Sig. Cohen'sd Effect AM Direction
2020 vs 2022 1730 0.044 * 0.37 Small +1.35 )
2020 vs 2024 1176 <0.001 Fkx 1.10 Large +4.51 1
2020 vs 2026 3837 <0.001 ekl 0.65 Medium +2.96 )
2022 vs 2024 802 <0.001 Fx 0.78 Medium +3.16 1
2022 vs 2026 2485 0.014 * 0.36 Small +1.61 1
2024 vs 2026 4694 0.059 n.s. 0.32 Small —-1.55 l

Note. Sig. = significance level: ***p < 0.001; * p < 0.05; n.s. = not significant. A M = difference in group means (positive = later group higher).

Hypothesis H1: that CT levels would demonstrate a statistically significant positive trajectory, is
supported. All comparisons involving the 2020 baseline cohort reached statistical significance. The
comparison between 2020 and 2024 produced the largest observed effect in the dataset (d = 1.10), qualifying
as large by conventional benchmarks and representing the most robust evidence of CT improvement across
the study period. Importantly, even the comparison between 2020 and 2026 spanning the full six-year range
remains highly significant (p < 0.001, d = 0.65, medium effect), confirming that CT gains were not entirely
reversed by 2026.

Hypothesis H2: that the 2024 cohort would represent a peak in CT performance, is also supported. The
2024 cohort recorded the highest mean score (18.58) and the largest proportion of High-level students (59.3%)
across all measurement points. The comparison between 2022 and 2024 yielded a medium effect (d = 0.78, p
<0.001), confirming that 2024 performance was substantially superior to the previous measurement point, not
merely to the 2020 baseline.

Hypothesis H3: that the 2026 cohort would show a partial decline, receives qualified support. The
comparison between 2024 and 2026 shows a mean difference of —1.55 points in the expected direction, but
this difference does not reach statistical significance (p = 0.059). Strictly interpreted, H3 cannot be confirmed
at the 0.05 level. However, the p-value of 0.059 represents a borderline result, and the observed decline is
substantively meaningful , particularly when combined with the structural changes in level distribution (High
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level falling from 59.3% to 41.9%; Low level recovering from 1.7% to 10.3%). This pattern warrants continued
monitoring and does not permit dismissal of the underlying dynamic.
Interpreting the Longitudinal Trajectory

The overall pattern presents significant rise to 2024, borderline non-significant partial reversal in 2026
and admits several interpretations that are not mutually exclusive and may operate simultaneously.

The first interpretation centres on pedagogical restructuring. The period 2020-2024 was characterised by
rapid institutional adaptation to online and blended learning, driven by pandemic necessity. This transition
compelled faculty to redesign courses around interactive, problem-oriented formats, precisely the active
learning approaches that the literature consistently identifies as most effective for CT development (Yu & Zin,
2023; Bekbayeva et al., 2022). The introduction of media-based multi-level tasks and structured critical
analysis activities approaches empirically validated in the Kazakhstani context (Bekbayeva & Seidina, 2025)
likely contributed directly to the observed improvements. The partial decline in 2026 may reflect a reversion
toward conventional instructional formats as the emergency stimulus of the pandemic receded.

The second interpretation, which we term the Al novelty hypothesis, draws on the paradox identified in
the systematic review literature (Melisa et al., 2025; Salido et al., 2025). When ChatGPT and similar tools
became widely accessible to Kazakhstani students in early 2023, the novelty of the technology prompted active
engagement: students interrogated Al outputs, compared them with other sources, questioned their accuracy,
and discussed their limitations. This metacognitive engagement with novel Al content may have inadvertently
stimulated the same analytical processes that CT instruction aims to cultivate. By 2026, however, two years
of normalised Al use may have shifted many students toward more passive consumption patterns — accepting
Al outputs without critical evaluation, delegating analytical tasks to Al systems, and thereby reducing the
frequency of independent reasoning exercises.

The third interpretation addresses sampling variability. The 2026 cohort was substantially larger (n = 136)
and exhibited a markedly different gender composition (85.3% female) compared with earlier cohorts. If
gender is associated with differences in CT performance in the local context, a question that was not the focus
of this study and cannot be resolved from available data, this compositional shift could partially account for
the lower mean score. The wider standard deviation in 2026 (5.28 vs. 4.44 in 2024) is also consistent with a
more heterogeneous intake, potentially reflecting broader programme-level enrolment patterns rather than a
systematic CT decline.

The fourth interpretation posits stabilisation rather than decline: that the sustainable CT equilibrium under
current institutional conditions lies in the range of 16-18 points, with the 2024 peak reflecting a transient
confluence of favourable conditions: intensive pedagogical restructuring, technology novelty effect, and
heightened student motivation, unlikely to be replicated without deliberate and sustained intervention. This
interpretation is consistent with the non-significant p-value for the 2024—2026 comparison and suggests that
the primary research task is not to explain a decline but to identify the conditions that enabled the 2024 peak
and determine how to sustain them.

Across all four interpretations, a common implication emerges: CT development in higher education is
neither automatic nor irreversible. It depends on active pedagogical investment, intentional engagement with
analytical tasks, and the cultivation of metacognitive habits that enable students to monitor and improve their
own reasoning. Psychological and pedagogical guidance approaches that explicitly address these dimensions
including coaching, reflective practice, and deliberate Al-critical literacy training offer a promising pathway
(Phembayev & Uaikhanova, 2024). The competency model of a Kazakhstani pedagogical university graduate,
as defined in state regulatory documents, provides the normative framework within which such approaches
should be embedded (Temirgazina et al., 2024).

Implications for Policy and Practice

The findings carry several concrete implications for Kazakhstani higher education institutions operating
within the Bologna Process framework. First, the significant positive trajectory from 2020 to 2024
demonstrates that CT improvement is achievable at the institutional level within meaningful timeframes,
provided that pedagogical conditions actively support analytical reasoning. This should encourage investment
in active learning infrastructure, faculty development in CT pedagogy, and the systematic integration of multi-
level and media-analytical task designs across disciplinary curricula.

Second, the borderline decline in 2026, combined with the structural changes in level distribution, signals
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the need for proactive Al literacy integration into CT pedagogy. Rather than treating Al as a threat to student
reasoning capacity, institutions should design learning environments in which Al outputs serve as objects of
critical analysis as stimuli for evaluation, comparison, and argumentation, rather than as substitutes for
independent thought. This pedagogical reframing of Al aligns directly with the CT competency goals of the
State Programme for the Development of Education and Science.

Third, the growing heterogeneity of CT outcomes (reflected in widening standard deviations) suggests
that average scores increasingly mask divergent student trajectories. Diagnostic monitoring should be
accompanied by differentiated pedagogical support: targeted intervention for students at the Low level,
challenge-based extension for those at the High level, and structured metacognitive scaffolding for the majority
in the Medium range.

Conclusion

This longitudinal cohort study of critical thinking among university students in Kazakhstan, spanning four
measurement points from 2020 to 2026 and involving 334 participants, yields findings of both theoretical and
practical significance. The data confirm a substantial and statistically robust improvement in CT from the pre-
pandemic baseline to the period of initial Al adoption, with the 2024 cohort recording the highest mean score
(18.58 out of 27) and the largest proportion of High-level students (59.3%) across the entire observation period.
A borderline-significant partial decline in 2026 raises important questions about the sustainability of CT gains
under conditions of normalised Al use, though the 2026 cohort still significantly outperforms the 2020
baseline.

Three hypotheses were formulated and tested. H1, predicting a significant positive trajectory over the
study period, is fully supported. H2, predicting that the 2024 cohort would represent a performance peak, is
supported. H3, predicting a partial decline in 2026, receives qualified support: the decline is substantively
meaningful and in the predicted direction, but does not reach conventional statistical significance at the 0.05
threshold.

The study contributes original empirical evidence from a Kazakhstani higher education context that has
been underrepresented in international CT research. By employing a locally validated instrument (the Starkey
Critical Thinking Test in its Russian-language adaptation) consistently across all measurement points, and by
situating findings within both the theoretical literature on CT and the policy framework of Kazakhstani
educational reform, the study offers a model for systematic longitudinal CT monitoring at the institutional
level.

The limitations of the study are acknowledged: the cross-sectional cohort design precludes individual-
level causal inference; the geographically concentrated multi-institutional sample limits transferability; the
absence of Al usage data prevents direct testing of the Al paradox hypothesis; and the gender imbalance in the
2026 cohort introduces potential confounding. Future research should address these limitations through
longitudinal individual tracking, multi-institutional sampling, integration of Al engagement pattern
measurement, and gender-stratified analysis. The ongoing research programme of the present authors, building
on this diagnostic foundation, will extend the analysis to include intervention studies and qualitative
exploration of student reasoning processes.
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