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ABSTRACT

Aim/Purpose This systematic literature review aims to comprehensively and critically synthe-
size the impacts of generative artificial intelligence (GenAl) tools on students’
critical thinking (CT) and problem-solving (PS) skills. In addition, it seeks to
identify key research gaps and contribute to the theoretical discussion of
GenAT’s dual nature in education.

Background GenAl is increasingly integrated into educational contexts, prompting ongoing
debate about its influence on CT and PS — essential 21st-century skills. Despite
the rapid growth in interest in GenAl-supported learning, a clear synthesis of
empirical evidence on its impact on these skills remains limited.

Methodology Following the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines, we conducted a systematic review of empirical
studies published between 2022 and 2025 that examined the use of GenAl in
relation to students’ CT and PS. In total, 173 records were included in the re-
view.
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Dual Nature of GenAl

Contribution

Findings

Recommendations
for Practitioners

Recommendations
for Researchers

Impact on Society

This review advances a nuanced understanding of GenAlI’s dual role in educa-
tion by synthesizing current empirical evidence and providing a foundation for
informed pedagogical, policy, and research decisions.

Our systematic review has demonstrated that GenAl holds considerable poten-
tial to act as both a catalyst and a constraint in the development of students” CT
and PS. On one hand, GenAl can scaffold reflective inquity, foster diverse per-
spectives, and support structured engagement with complex tasks. On the other
hand, its widespread and often uncritical use raises concerns around depend-
ency, superficial reasoning, and the erosion of independent PS and CT capaci-
ties.

The findings highlight the importance of designing learning environments that
cultivate Al literacy, understood not merely as technical proficiency, but as the
capacity to interrogate, contextualize, and critically engage with Al-generated
content. Embedding Al literacy across educational contexts may help protect
CT and PS while enabling responsible use of GenAl

The review identified three major research gaps: a strong regional imbalance fa-
voring high-income contexts; a predominance of self-reported and cross-sec-
tional designs over experimental approaches; and a disproportionate focus on
university students compared to earlier educational stages.

The findings suggest that the key issue is not whether GenAl will shape educa-
tion, but how educational systems will shape its use. Evidence-based and delib-
erate integration of GenAl is essential if it is to support, rather than undermine,

the development of students’ CT and PS.

Future Research Future studies should employ robust longitudinal and experimental designs to
examine the long-term cognitive and developmental impacts of sustained use of
GenAl, particularly in underexplored educational contexts.

Keywords generative artificial intelligence, GenAl, critical thinking, problem-solving, sys-
tematic review, education

INTRODUCTION

The advent of artificial intelligence (Al) has precipitated profound transformations across contempo-
rary society, with education emerging as one of the most affected domains (Gunawan et al., 2024).
This technological progress has reshaped how information is created, consumed, and shared, with Al
tools being increasingly integrated into daily learning practices (Cheung et al., 2025; Rios et al., 2025;
Su & Yang, 2022). This rapid diffusion raises pressing questions concerning Al’s role in shaping core
human capacities, particularly critical thinking (CT) and problem-solving (PS), which are widely rec-
ognized as essential skills in the 21st century (Gunawan et al., 2024).

Al broadly denotes computational systems that can perform tasks traditionally requiring human intel-
ligence, such as learning, judgment, and decision-making (L. D. Xu et al., 2021). A more recent devel-
opment is generative artificial intelligence (GenAl), which can produce novel content without explicit
programming (Bandi et al., 2023). Indeed, GenAl anchored in large language models can generate
human-like outputs — including texts, variable sorts of visualizations, audios, etc. — across a wide
range of prompts, enabling applications such as translation, summarization, and interactive dialogue
(Buripakdi & An, 2024; Kasneci et al., 2023; Xia et al., 2020).

GenAl’s supporters argue that this technology can enrich education in multiple ways. It can personal-
ize instruction, provide immediate feedback, scaffold complex tasks, and adapt content to individual
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students’ needs, thereby enhancing engagement and performance (Farrokhnia et al., 2024; Gunawan
et al,, 2024; J. Lee et al., 2025). GenAl has also been shown to support interactive learning environ-
ments, formative assessment, and innovative teaching strategies that foster inclusivity and student au-
tonomy (Ahmed et al., 2024; Antén-Sancho et al., 2021). From this perspective, GenAl is not merely
a technical innovation but a catalyst for more equitable and engaging educational practices.

Yet, alongside these promises, a growing body of research warns of risks associated with the use of
such tools. One major concern stems from the reliability and accuracy of Al-generated content: Be-
cause GenAl tools lack genuine understanding, they may provide misleading or superficial responses
(Ahmed et al., 2024; Farrokhnia et al., 2024). Researchers and educators have also raised questions
about the erosion of disciplinary integrity and the threats to students’ independent reasoning and
higher-order thinking skills, including CT and PS, should they come to rely on Al tools (Buripakdi &
An, 2024). Critics further highlight ethical challenges and issues of privacy (Cotton et al., 2024;
Dimeli & Kostas, 2025; Rudolph et al., 2023). This paradox has been conceptualized as the dual na-
ture of GenAl in education (Buripakdi & An, 2024). While GenAl can scaffold engagement and fos-
ter CT and PS, overreliance on it may, conversely, inhibit students’ independent CT and PS (Gun-
awan et al., 2024).

Against this backdrop, CT and PS remain non-negotiable priorities in primary, secondary, and tertiary
education. These skills enable students to reason effectively, evaluate information, and navigate un-
certainty, capacities that are indispensable in professional and civic life (Gonzalez-Pérez & Ramirez-
Montoya, 2022; Rios et al., 2025). Consequently, the accelerating integration of GenAl into educa-
tional contexts demands urgent inquiry into whether these technologies act as allies in cultivating
these skills or as barriers that displace them.

Despite widespread debate of this topic having rapidly increased since 2022, systematic syntheses of
the evidence remain fragmented (Andreucci-Annunziata et al., 2023; Farrokhnia et al., 2024; E. Xu et
al., 2023). Educators, policymakers, and technology developers require a clear, evidence-based under-
standing to make informed decisions about the responsible integration of GenAl in classrooms. Still,
such an understanding has not yet been established. More specifically, the existing literature has not
yet provided a sufficiently focused and empirically grounded synthesis of how GenAl impacts stu-
dents’ CT and PS, under what conditions these impacts become supportive or constraining, and
where the gaps in the evidence base remain.

This lack of evidence is especially significant, given that prior syntheses have often addressed GenAl
or Al in education more broadly, examined a wide range of outcomes at once, or not focused specifi-
cally and systematically on the empirical evidence concerning CT and PS. As a result, the specific
consequences of GenAl for CT and PS have remained insufficiently consolidated.

This study directly addresses the lack of evidence by conducting a systematic review focused on the
relationship among GenAl, CT, and PS in education. Unlike previously published syntheses, it delib-
erately focuses on these two closely related higher-order skills rather than on GenAl in education
more broadly. In addition, it adopts a methodologically rigorous PRISMA-based approach and in-
cludes only empirical studies, thereby grounding the synthesis in data-based findings rather than in
purely conceptual claims. Because self-reported evidence remains prevalent in this emerging field, the
review also distinguishes between subjective and performance-based forms of empirical evidence.

More specifically, this review addresses three main research questions:
RQ1: What impact does GenAl have on CT and PS in the educational context?

RQ2: What key gaps remain in the empirical evidence on GenAl impacts on CT and PS in the
educational context?

RQ3: Under what conditions does GenAl support or constrain students’ CT and PS?
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By addressing these questions, this review makes three specific contributions. First, it consolidates
current empirical knowledge on how GenAl impacts students” CT and PS across educational con-
texts. Second, it identifies key gaps in the existing evidence base and offers a foundation for future
research, pedagogy, and policy. Third, it provides a more differentiated insight into GenAI’s dual na-
ture by identifying the pedagogical, cognitive, and contextual conditions under which GenAl sup-
ports, constrains, or produces mixed impacts on CT and PS. In so doing, this review secks to ad-
vance scholarly understanding and offer practical guidance for leveraging GenAl responsibly while
safeguarding the development of fundamental human capacities.

DUAL NATURE OF GENAI: THEORETICAL PERSPECTIVES

The rapid integration of GenAl into educational contexts has intensified scholatly interest in its im-
pact on CT (e.g., Liu & Wang, 2024; Qawqzeh, 2024) and PS (e.g., Lim et al., 2025; Sharma, 2024;
Urban et al., 2024). Building on this growing body of research, the following section situates our sys-
tematic review within existing research and further examines its implications through relevant learn-
ing and technology theories.

Recent research syntheses provide an important foundation for understanding the educational impli-
cations of GenAl and highlight the complexity of its impacts. Across a growing number of reviews
(e.g., Adejumo et al., 2026; Celik et al., 2024; Daniel et al., 2025; Dimeli & Kostas, 2025), there is a
consistent recognition that GenAl can contribute to the development of CT and PS, particularly
through scaffolding, feedback, interactive engagement, and iterative learning processes. These contri-
butions are, however, often discussed in relation to a broad range of learning outcomes rather than
systematically focused on CT and PS. At the same time, these systematic reviews converge on im-
portant tensions, including the risks of overreliance, superficial engagement, and variability in out-
comes across pedagogical designs and contexts. Yet, they frequently approach these tensions at a
general level without consistently examining the specific conditions under which GenAl supports or
constrains the development of these skills.

Other review-oriented contributions similarly emphasize the context-dependent nature of these im-
pacts. At the same time, complementary evidence suggests that factors such as self-regulation (Zhou
et al,, 2024), Al dependency (Duenas & Ruiz, 2024), and the changing nature of human-Al PS pro-
cesses (Joksimovic et al., 2023) mediate these mixed outcomes.

Taken together, this body of work highlights the dual, context-dependent role of GenAl and indi-
cates the need for a more focused synthesis that explicitly centers on CT and PS. The present review
addresses this need by providing a systematic synthesis of empirical studies investigating the impacts
of GenAl on students’ CT and PS skills, as well as the conditions shaping their development in
GenAl-supported learning environments.

To better understand why GenAl may produce both beneficial and detrimental learning outcomes, it
is useful to situate its use within established learning and technology theories. One relevant perspec-
tive is Cognitive Load Theory, which suggests that learning is constrained by the limited capacity of
working memory (Sweller, 1988). From this viewpoint, GenAl can reduce extraneous cognitive load
by structuring information, providing explanations, and guiding students through complex tasks.
However, it may also inadvertently reduce germane cognitive load if students rely on Al-generated
outputs without engaging in deeper processing, thereby limiting the development of higher-order
thinking skills such as CT and PS (Gerlich, 2025).

A complementary lens is provided by sociocultural learning theory, which conceptualizes learning as
a socially mediated process (Vygotsky, 1978). GenAl can serve as a cognitive and dialogic scaffold,
supporting students within their zone of proximal development by simulating interaction, prompting
reflection, and offering alternative perspectives (e.g., Martinez-Peldez et al., 2025). At the same time,



Bendl, Krajndkova, Storrosater, Drapela, & Hanus

this mediation may displace authentic social interaction or internalization processes if overused, po-
tentially weakening the development of independent reasoning (Barcaui, 2025).

Finally, technology integration frameworks such as TPACK (Technological Pedagogical Content
Knowledge) highlight that the educational impact of technologies depends on how they are pedagog-
ically embedded (Mishra & Koehler, 2006). From this perspective, GenAl does not inherently en-
hance or inhibit CT and PS; rather, its effects are contingent on instructional design, teacher guid-
ance, and the alighment among technology, pedagogy, and content (e.g., Celik et al., 2024; Martinez-
Pelaez et al., 2025). These theoretical perspectives collectively suggest that the dual nature of GenAl
is not paradoxical but conditional, emerging from the interaction between technological affordances,
student engagement, and educational context.

Building on the theoretical perspectives outlined above, the educational implications of GenAl de-
pend on how the key thinking skills (CT and PS) are defined. The following section, therefore, clari-
fies the conceptualization of CT and PS adopted in this study.

CRITICAL THINKING AND PROBLEM-SOLVING

Although extensive literature has already conceptualized CT and PS from multiple perspectives, their
definitions vary considerably across contexts (compare, for example, Calma and Davies (2025) with
Dhakal et al. (2023)). For this review, clear and consistent framing is essential, as it directly guides the
selection of empirical studies and the interpretation of findings.

Both CT and PS are widely recognized as core competencies in 21st-century education (e.g., Baucal
et al., 2023), yet both constructs are characterized by substantial conceptual diversity across disci-
plines and research traditions as suggested by several comprehensive reviews and meta-analyses (An-
dreucci-Annunziata et al., 2023; Lai, 2011; Lorencova et al., 2019; E. Xu et al., 2023). Rather than re-
flecting a lack of clarity, this diversity points to their multifaceted nature and the range of cognitive,
metacognitive, and contextual processes they encompass. Existing scholarship generally converges on
the view that CT involves reflective and reasoned judgment (encompassing analysis, evaluation, and
synthesis of information) while PS emphasizes goal-directed action in situations where solutions are
not immediately apparent (Ennis, 1989; Facione, 1990; Mayer & Wittrock, 2006; Paul & Elder, 2000).

Importantly, prior research consistently highlights a strong interrelationship between CT and PS. CT
is often conceptualized as a foundational component of PS, providing the evaluative and analytical
processes necessary to identify, assess, and refine potential solutions (Halpern, 1998). At the same
time, PS extends beyond CT by incorporating strategic, procedural, and context-sensitive dimen-
sions, including the implementation and adaptation of solutions in real-world scenarios (Jonassen,
2000). Both CT and PS, therefore, rely on active cognitive engagement, metacognitive regulation, and
iterative reflection, making them particularly sensitive to changes in how learning processes are struc-
tured and supported.

At the level of empirical research, this conceptual overlap is reflected in the way CT and PS are oper-
ationalized and measured. Studies frequently examine overlapping indicators but differ in emphasis
depending on disciplinary context (compare, for example, Bendl et al. (2023) with Jader and Johans-
son (2025)). This variability contributes to the fragmented nature of findings discussed above, as dif-
ferences in definitions and operationalizations can lead to divergent conclusions.

For our systematic review and in line with the theoretical foundations described above, CT is under-
stood as a reflective process of analyzing, evaluating, and synthesizing information to guide judgment and decision-
matking, while PS is defined as a structured, goal-oriented process of identifying, exploring, and resolving complex: or
non-routine problems. This integrated framing allows us to capture both the cognitive and procedural
dimensions of higher-order thinking and provides a consistent analytical lens for examining how
GenAl may support or constrain their development across different educational contexts. Building
on the theoretical foundations outlined above, the following section presents the methodological ap-
proach used to synthesize the empirical evidence systematically.
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METHODOLOGY

To examine the impact of GenAl use on students’ CT and PS skills and, therefore, to address the
three research questions, we conducted a systematic review by following the Preferred Reporting
Items for Systematic reviews and Meta-Analyses (PRISMA) 2020 guidelines, which provide an ex-
plicit systematic method for identifying, evaluating, and synthesizing relevant results (Page et al.,
2021).

LITERATURE SEARCH

Given its global and multidisciplinary coverage, we used the Scopus database to search for relevant
English-language literature. Scopus provides extensive coverage of peer-reviewed research in educa-
tion, psychology, and computer science, aligning with the interdisciplinary nature of this study. Its
broad scope and substantial overlap with other major citation databases (e.g., Web of Science) sup-
port comprehensive identification of relevant literature. Given the novelty of the topic, the search
was limited to records published between 2022 (the year ChatGPT was released) and 2025 and in-
cluded not only articles but also conference papers and book chapters to ensure coverage of both es-
tablished and emerging research outputs.

The relevant terms for the search query were defined based on the aim and key concepts of our re-
view, namely, GenAl, CT, and PS skills. To minimize the risk of omitting relevant literature in this
stage, relevant synonyms and wildcards were used. Although the primary focus of this review is
GenAl, the terminology used in the literature remains inconsistent, and studies often refer to broader
concepts such as artificial intelligence or large language models (LLMs) without explicitly using the
term “generative AI” or “GenAl” (as reflected in the titles of the included records, see Appendix).
Therefore, broader Al-related terms were included to ensure comprehensive coverage of relevant
studies.

As a result, we used the following combination of keywords in the search query:

(“*AI” OR “artificial intelligence” OR “llm” OR “large language model”) AND (“enquiry”
OR “inquiry” OR “problem-solv*” OR “problem solv*¥” OR “problem-based learning” OR
“problem based learning” OR “PBL” OR “critical thinking” OR “thinking critically”’) AND
“education”

Irrelevant subject areas in the Scopus database were deselected during the search. The search process
conducted on April 24, 2025, resulted in 1,930 potentially relevant records (see Figure 1).

SCREENING PROCESS

In the first stage, the titles and abstracts of the identified records were inspected. To enhance the reli-
ability of the screening process, approximately 5% of the records (100) were first randomly selected
and screened by all five authors. The record eligibility criteria were further specified (see Figure 1)
due to unsatisfactory inter-coder reliability (73.8%; Cohen’s kappa = 0.47). Moreover, the criteria
were ordered from the most general to the most specific, and abstract screening was thus a step-by-
step process (i.e., if a record met the first three criteria but not the fourth and fifth, the fourth crite-
rion was cited as the reason for exclusion). Thanks to this specification, the agreement between the
coders on another random sample was sufficiently high for five coders (81.2%, Cohen’s kappa 0.61).
The coders resolved the remaining disagreements and continued individually on the remaining rec-
ords. The first stage resulted in 400 potentially relevant records (Figure 1).

In the second stage, we sought the relevant records for retrieval. For 45 records, the full text was not
found or was not freely available; thus, we excluded them from the full-text screening.

In the third stage, the full texts were subjected to the same criteria as the abstracts, since it was not
possible to verify from each abstract whether the records met all the stated criteria. Additionally, to
ensure the quality of the research, we had to verify that the record contained sufficient information
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on the applied research methodology and, in particular, empirical evidence of the impact of GenAl
on students’ CT and/or PS skills.

=
'-LE Records identified through
5._.?.__ database searching
—
S n=1,930 / \
=3 Records excluded:
l n=1530
* no GenAl (n = 340)
Title and abstracts screening * not an educational context (n = 79)
* no students (n = 213)
n=1,930 * no CT or PS skills (n = 236)
= not an impact of GenAl on students' CT
or PS skills (n = 387)
» different record type (n = 8)

K not an empirical study (n = 267) /

\

A Records not retrieved
Records sought for retrieval n=45
- « article (n =17)
n =400 - book chapter (n = 14)
\ « conference paper (n = 14) /
v
s ™ e N
Records assessed for eligibility Records excluded
n = 355 n=182
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v
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Records included in review
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Figure 1. PRISMA flow diagram for the conducted systematic review

In the first step of the full-text screening, approximately 5% of the potentially eligible records (18)
were randomly selected and evaluated by four coders (the first, second, third, and fourth authors).
Due to the identified coding ambiguities (inter-coder reliability: 74.1%; Cohen’s kappa: 0.51), the
coding procedure was further specified and refined. Subsequently, the other 18 randomly selected
records were evaluated, yielding a sufficient average agreement of 83.3% (Cohen’s kappa = 0.67). Af-
ter resolving the disagreements, the remaining full texts were divided among the four coders. In the
end, 173 records were included in the review. In line with PRISMA guidelines (Page et al., 2021), we
provide the full list of these studies in the Appendix, as it was not feasible to cite each individually in
the Results section.
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DATA EXTRACTION AND ANALYSIS

We developed a database grounded in a structured data-extraction framework, into which the rele-
vant data from each included study were recorded. The framework defined in advance the variables
recorded from each study, specifically:

e authot’s name
e study title

e publication year
record type

country

research aim

methodological approach

method of data collection
e type of data collected
e participant type (educational level)

sample size
school subject
GenAl tool

way the GenAl tool was used

identified positive impacts on students' CT skills
e identified negative impacts on students' CT skills
e identified positive impacts on students' PS skills

e identified negative impacts on students' PS skills.

An inductive thematic analysis, following Braun and Clarke (20006), was conducted to identify themes
across the included studies. Prior to coding, all data recorded in the data extraction framework re-
lated to GenAl impacts were reviewed by the third and fourth authors to ensure familiarity with the
dataset. Where necessary, the authors returned to the original records to verify and clarify relevant
information, ensuring consistency between the extracted data and source documents. Initial coding
was performed independently by the third and fourth authors. The third author coded reported posi-
tive and negative impacts of GenAl on students’ CT skills, while the fourth focused on PS skills. This
was followed by a collaborative review process in which both sets of codes were compared, dis-
cussed, and integrated. Through iterative discussion, the authors reached consensus on coding granu-
larity and ensured conceptual alignment between CT and PS constructs. Codes were subsequently
organized into higher-order themes based on conceptual similarity (their relationship). The analysis
focused on semantic themes, capturing explicitly reported impacts rather than their latent interpreta-
tions. The preliminary codes and themes were then reviewed by all authors to ensure their coherence
and consistency. Any discrepancies were resolved through discussion and consensus among the au-
thors. In addition to a summary narrative text, we visualized the data using ArcGIS Pro, Gephi,
Inkscape, and the Flourish web platform.

RESULTS

This section presents the main findings in three steps. First, it provides an overview of the general
findings derived from our PRISMA-based systematic review. It then offers a detailed analysis of how
GenAl influences the development of CT and PS skills. Finally, it synthesizes the cross-cutting pat-
terns that connect these findings.

In recent years, there has been a sharp increase in the number of publications addressing the impact
of GenAl on CT and PS skills. Although this review focused on the short-term context of the past
three years, there is clear and accelerating growth in research activity during this period (see Figure 2).
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Geographically, this research is highly concentrated in east, south, and southeast Asian countries, par-
ticularly in China (28 studies), South Korea (9), Taiwan (9), and Indonesia (8), in the United States of
America (15 studies), and in European countries (mainly Spain and United Kingdom, both with 9
studies), while studies from Africa, South America, and Central Asia remain largely underrepresented.
This uneven distribution highlights a research gap that warrants further exploration, as shown in Fig-
ure 3.
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Figure 2. Research activity on GenAl in relation to CT and PS skills development
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Figure 3. Spatial distribution of identified records

In terms of educational level, the literature is dominated by studies focusing on higher/university ed-
ucation. University students are by far the most common sample in research on GenAl’s impacts on
CT and PS skills (of 173 studies, 137 used university students as respondents). In contrast, research
in primary and secondary education remains strikingly limited, despite growing concerns about how
early exposure to GenAl tools may shape younger students’ cognitive development. This imbalance
suggests that the current understanding of GenAl’s role in education is primarily framed through the
lens of adult or near-adult students, leaving critical developmental stages largely unexplored.

A similar imbalance emerged regarding the research strategies and methods used to research this
topic. Most studies relied on cross-sectional survey designs or qualitative interviews, with far fewer
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employing longitudinal or experimental approaches that could provide deeper causal insights into the
relationship between GenAl and CT and PS skills.

Among the 173 identified empirical studies, we further distinguished between “objective” and “sub-
jective” approaches (Figure 4). Objective studies employed experimental or quasi-experimental de-
signs, using measurable interventions (e.g., standardized testing) to determine whether GenAl tools
directly enhanced or hindered CT and PS skills. In contrast, subjective studies relied on self-reported
data, such as surveys or interviews, in which participants provided their perceptions of how GenAl
affected these skills. Notably, subjective studies were far more prevalent, underscoring the need for
more robust, evidence-based evaluations in this emerging field.

employed research methods
quantitative (61) gualitative (39) mixed (72)

subjective (104) objective (29) both (39)

type of outcome measure

Figure 4. Methodological summary of analyzed studies

To specifically address RQ1, the following two sections present empirical evidence on how GenAl
impacts the development of students’ CT and PS skills

IMPACTS OF GENAI ON CRITICAL THINKING SKILLS DEVELOPMENT

Among the 139 studies addressing CT, 67 reported only positive impacts, 33 reported only negative
impacts, and 39 reported both, suggesting that GenAl is more often associated with support for CT
than with harm. Yet it still frequently produces mixed, context-dependent outcomes shaped by peda-
gogical design and patterns of use. The most frequently reported positive impacts were improved CT
(n = 84), improved transversal skills (n = 63), and improved learning outcomes (n = 28), with fewer
studies highlighting higher motivation (n = 18), enhanced learning experience (n = 12), and increased
self-reflection (n = 12). The most frequently reported negative impacts were overreliance on GenAl
(n = 37), erosion of CT (n = 36), and ethical concerns (n = 15), while conceptual misunderstanding
(n = 12), reduced human interaction (n = 6), no improvement in CT (n = 3), and limitations of basic
tool versions (n = 2) were less common. While a comprehensive overview of all these results is pro-
vided in Figure 5, the following subsections offer a more detailed insight into the most prevalent the-
matic categories.

Positive impacts

Improved CT. The reviewed studies indicate that GenAl can support the development of CT, pat-
ticularly when students are required to evaluate, verify, and refine ideas rather than simply accept
generated outputs. Lin et al. (2025) found that GenAl-supported writing tasks encouraged students
to critically compare their own work with alternative perspectives, while Wu et al. (2025) showed that
Al-assisted peer assessment strengthened students’ evaluative capacity in relation to both their own

10
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and others’ work. Several studies further suggested that because GenAl outputs may contain inaccu-
racies or bias, students are often prompted to assess reliability, verify claims, and triangulate infor-
mation, thereby engaging in productive forms of analytical and evaluative thinking (Akolekar et al.,
2025; Youssef et al., 2024). Relatedly, prompt refinement and iterative interaction with GenAl were
described as forms of critical digital engagement that draw on higher-order information literacy skills
(Fenske & Otts, 2024; Lijie et al., 2025).
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Figure 5. Categorization of the identified impacts of GenAl on CT

Improved transversal skills. A second prominent theme concerned the development of transversal
skills. Studies suggested that GenAl can support broader intellectual capacities such as perspective-
taking, independent thought, and engagement with multiple viewpoints, particularly when integrated
into multimodal, collaborative, and project-oriented learning designs (Baek, 2025; Lin et al., 2025).
Lin et al. (2025) and Suriano et al. (2025) observed that GenAl encouraged students to consider alter-
native perspectives, thereby broadening conceptual horizons and supporting more independent
thinking. Within problem-based learning contexts, GenAl was also linked to the development of
longer-term transversal competences relevant to CT (Baek, 2025).

Higher motivation, learning outcomes, and self-reflection. The reviewed studies also showed
that GenAl may support motivation, learning outcomes, and self-reflection. GenAl appeared to in-
crease engagement and students’ willingness to apply CT, especially in collaborative and project-
based tasks (du Plessis, 2025). When used as a scaffold through hints, questioning, and guided feed-
back rather than as a direct answer provider, it also helped students refine their reasoning and engage
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more actively in reflection (H.-Y. Lee et al., 2024; Sam et al., 2024; Wu et al., 2025). Additional stud-
ies suggested that GenAl supported creativity, personalized learning, and more complex reasoning
(e.g., Aladsani, 2025; Nusivera et al., 2025; Suriano et al., 2025). Across contexts, these findings sug-
gest that GenAl may support not only CT directly, but also broader conditions that enable students
to engage more confidently and reflectively in learning.

Negative impacts and concerns

Overreliance and erosion of CT. Despite these benefits, the reviewed studies also highlighted sub-
stantial risks associated with overreliance and the erosion of CT. Several studies cautioned that habit-
ual dependence on Al-generated outputs may weaken students’ capacity or willingness to engage in
independent reasoning and deeper analytical work (Aladsani, 2025; Hughes et al., 2025; Wu et al.,
2025). Suriano et al. (2025) described how passive interaction with ChatGPT may encourage heuristic
shortcuts and superficial processing, while Krupp et al. (2024) linked such use to “copy-and-paste”
practices that bypass deliberate critical engagement.

Similarly, Akolekar et al. (2025) and Inderjeet and Bhardwaj (2024) found that dependence on GenAl
explanations could discourage deeper analysis. More broadly, these concerns converged around the
erosion of CT, as frequent use of GenAl was associated with weaker independent performance, con-

firmation bias, and difficulty distinguishing students’ own ideas from Al-generated contributions
(Gregory & Narang, 2024; Jost et al., 2024; Kartal, 2024; Lijie et al., 2025).

Ethical concerns and conceptual misunderstanding. Another cluster of findings concerned ethi-
cal concerns and conceptual misunderstanding. Ethical concerns mainly involved academic integrity
and the weakening of learning practices, as the use of GenAl could encourage plagiarism, bypass ac-
tive engagement with learning materials, and promote study habits that prioritize convenience over
critical inquiry (Akolekar et al., 2025; Lin et al., 2025; Nusivera et al., 2025). Conceptual misunder-
standing referred to students’ misinterpretation or uncritical acceptance of GenAl outputs, which
could foster misconceptions, overtrust in hallucinated or inaccurate responses, and increased expo-
sure to misinformation and bias (Akolekar et al., 2025; du Plessis, 2025; Nusivera et al., 2025; Styve et
al., 2024; Suriano et al., 2025). Some studies further warned that such reliance may distort scholarly
judgment and narrow students’ epistemic horizons (Aladsani, 2025; Fenske & Otts, 2024).

Less frequently reported concerns included reduced human interaction, no observable improvement
in CT, and limitations associated with basic versions of GenAl tools. Although these themes were
only marginally represented, they suggest that both the quality of the tool and the conditions of use
may shape the extent to which GenAl supports critical engagement.

IMPACTS OF GENAI ON PROBLEM-SOLVING SKILLS DEVELOPMENT

Among the 103 studies addressing PS, 57 reported only positive impacts, 23 reported only negative
impacts, and 23 reported both, suggesting that GenAl is more often associated with support for PS
than with harm, while still producing mixed and context-dependent outcomes in a substantial num-
ber of studies.

The most frequently reported positive impacts were enhanced learning outcomes (n = 60), social
support and collaborative learning (n = 28), and improved cognition and strategic thinking (n = 22).
Less frequently, studies reported positive affective responses (n = 17), expanded problem-solving op-
portunities (n = 15), and other benefits that did not fit the main thematic categories (n = 2). The
most frequently reported negative impacts were cognitive risks and skill erosion (n = 28), quality and
academic integrity issues (n = 8), and implementation barriers and technical constraints (n = 6), while
social and engagement risks (n = 2) and other negative impacts (n = 2) were less common. A com-
prehensive summary of these results is presented in Figure 6.

The following sections offer a more detailed insight into the most prevalent thematic categories.
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Figure 6. Categorization of the identified impacts of GenAl on PS

Positive impacts

Enhanced learning outcomes. The studies analyzed consistently documented improvements in ob-
servable student PS outcomes when GenAl was strategically integrated into learning activities. Okada
et al. (2025), for instance, found that projects utilizing GenAl successfully supported student engage-
ment in addressing both local and global challenges. Similarly, Hwang et al. (2025) documented how
the structured use of GenAl-supported inquiry processes enabled students to develop more com-
plete solutions while requiring significantly less time investment. Multiple studies also reported en-
hanced efficiency in PS workflows, with students demonstrating reductions in unnecessary proce-
dural steps and an overall simplification of complex processes (Gonsalves, 2026; Hwang et al., 2025;
Mike et al., 2024). Furthermore, when students used GenAl to verify their logical reasoning or refine
their solutions, researchers observed more precise, error-free final products (Gonsalves, 2026; Maya
& Valdes, 2024).

Social support and collaborative learning. The reviewed studies showed that GenAl frequently
functions as an adaptive scaffold, providing just-in-time support through hints, explanations, and
step-by-step guidance that students can utilize independently or integrate into collaborative discus-
sions (Hwang et al., 2025; Maya & Valdes, 2024). Related to the latter, Rodriguez et al. (2024) empha-
sized that GenAl serves as a catalyst for group PS activities, facilitating more productive team intet-
actions. The personalization capabilities of GenAl emerged as a particularly valuable component,
with students leveraging GenAl-generated adaptations to enhance group-work productivity and ac-
commodate diverse learning needs (Filiz & Giir, 2025; Gonsalves, 2026; Gregory & Narang, 2024;
Okada et al., 2025).

Improved cognitive processes and strategic thinking. The identified studies showed that stu-
dents demonstrate enhanced metacognitive awareness when using GenAl, employing the technology
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to plan solution steps, monitor progress, reflect on decision-making processes, and transfer success-
ful strategies to novel problem contexts (Hwang et al., 2025; Okada et al., 2025). In technical and de-
sign-oriented disciplines, GenAl functions effectively as a “debug partner,” systematically identifying
errors and suggesting targeted remedial actions (Wang et al., 2023). GenAl also supports knowledge
transfer and application by enabling students to engage with concepts through realistic, interactive
scenatios. Relatedly, Zheng et al. (2024) demonstrated that GenAl enhances practical skill develop-
ment through role-play activities, simulations, and collaborative PS experiences while fostering
higher-order thinking in game-based learning contexts.

Positive affective responses and expanded problem-solving opportunities. Positive affective
responses and expanded problem-solving opportunities were also reported across the reviewed stud-
ies. GenAl appeared to increase students’ willingness to engage with challenging problems, sustain
effort during complex tasks, and reduce anxiety by providing immediate guidance and high-quality
examples (French et al., 2023; Rodriguez-Rivera et al., 2025). At the same time, it expanded problem-
solving opportunities by generating alternative ideas, scenarios, and perspectives, as well as by offer-
ing visual and simulated representations that supported reasoning about abstract relationships and
system dynamics (Del Mundo et al., 2024; Kishore et al., 2023; Zheng et al., 2024).

Negative impacts and concerns

Cognitive risks and skill erosion. Despite the benefits outlined above, several studies have raised
concerns that GenAl may undermine essential cognitive processes (see Figure 6). The theme of cog-
nitive risks and skill erosion was by far the most prominent among the negative PS findings. Studies
particularly expressed apprehension that students may become less inclined to engage in productive
struggle, potentially weakening their independent PS capabilities over time (Gerlich, 2025; Vieriu &
Petrea, 2025). One participant in Getlich’s (2025, p. 20) study articulated this concern: “The more I use
Al the less 1 feel the need to solve problems on my own. 1t’s like I'm losing my ability to think critically.” Balaz et al.
(2024) provided empirical evidence for these concerns, explicitly warning of skill erosion when
GenAl substitutes for hands-on practice.

Quality and academic integrity issues, implementation barriers and technical constraints,
and social and engagement risks. Quality and academic integrity issues, implementation barriers
and technical constraints, and social and engagement risks were also identified, although less fre-
quently. Several studies have shown that students sometimes accept plausible-sounding but incorrect
GenAl outputs, which could misdirect their problem-solving efforts (Akolekar et al., 2025; Filiz &
Giir, 2025). Other studies pointed to practical limitations, particularly in complex or abstract tasks,
where GenAl could reproduce flawed reasoning, fabricate data, or otherwise provide unreliable sup-
port (Juares & Guzman, 2024). Concerns were also raised that prolonged reliance on GenAl in de-
manding tasks such as programming may foster unhealthy dependency and weaken long-term skill
development (Palacios & Rivadeneira, 2025). In addition, a smaller but notable set of findings sug-
gested risks for peer collaboration, as students may turn to GenAl as a private assistant rather than
engaging with classmates, thereby weakening the social dimensions of problem-solving (Wang et al.,
2023).

SYNTHESIS OF THE FINDINGS

Across the reviewed studies, positive impacts of GenAl on CT and PS were reported more fre-
quently than negative impacts, although a substantial number of studies identified both positive and
negative impacts simultaneously (see Figure 7). This pattern highlights that while GenAl was often
associated with support for CT and PS, its impacts remained contingent upon conditions of use and
pedagogical design.
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While CT and PS were analyzed as distinct domains in this systematic review, the mechanisms
through which GenAl affects them often overlapped (see Figures 5 and 6). Across both skill sets,
metacognitive scaffolding, prompt-based reflection, and collaborative engagement appeared to shape
whether GenAl functioned primarily as a cognitive support or as a constraint. When GenAl was
used to prompt students to question, refine, and justify their decisions in CT-related tasks, similar
processes also seemed to support strategic planning and adaptive reasoning in PS. Likewise, GenAl’s
role in facilitating structured dialogue, whether through peer assessment or collaborative PS, was as-
sociated with both reflective judgment and shared inquiry.

Taken together, the findings suggest that the educational impacts of GenAl are shaped not only by
the technology itself but also by how it is embedded in pedagogical design and taken up by students.
Purposeful integration through active engagement, reflective use, and alignment with collaborative or
project-based pedagogies appeared to support motivation, creativity, communication, and self-reflec-
tion, thereby reinforcing both CT and PS. By contrast, passive use, limited Al literacy, and overreli-
ance on automated responses were more often associated with ethical concerns, conceptual misun-
derstanding, and reduced higher-order reasoning.

Overall, the findings indicate that GenAl is most supportive when students are encouraged to treat
its outputs as starting points for further exploration rather than as authoritative answers. In this
sense, the implications of GenAl are not tied only to the targeted skills but also to the pedagogical
and cognitive context in which the technology is used, where it may either support reflective inquiry
and analytical growth or hinder the productive struggle central to learning.

DISCUSSION

While the preceding sections presented empirical evidence on how GenAl influences CT and PS, this
section seeks to go further by addressing RQ2. We begin by reflecting on key research gaps identified
by our systematic review. We then turn to a more nuanced discussion of the dual nature of GenAl
and the conditions under which it supports or constrains the development of CT and PS, thereby re-
visiting RQ3. In doing so, we situate the results within the “bigger picture” of rapidly expanding
GenAl adoption. Lastly, we reflect on the limitations of our review that shape the scope and inter-
pretation of these findings.

IDENTIFYING KEY RESEARCH GAPS AND THEORETICAL IMPLICATIONS

To address RQ2, our systematic review highlights several critical research gaps that limit a compre-
hensive understanding of how GenAl influences the development of CT and PS skills. These gaps
point not only to areas of ambiguous or even contradictory evidence but also to opportunities to ad-
vance the field through more rigorous and targeted research.

First, there is an apparent imbalance in the spatial distribution of the analyzed literature. Most studies
are concentrated in high-income regions, seemingly because these are areas with strong research and
innovation capacity, whereas research from low- and middle-income regions remains scarce. This
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lack of balance in global representation risks reinforcing a narrow perspective of GenAl’s educational
impact, potentially overlooking challenges related to infrastructure, cultural factors, and pedagogical
traditions in less-represented contexts.

The methodological gap is equally striking. The majority of existing studies relied on cross-sectional
surveys or qualitative interviews, with very few adopting experimental or longitudinal designs that
could provide more robust evidence of causal relationships. Moreover, the limited number of empiti-
cal studies, particularly “objective” ones that measure skill development through standardized assess-
ments, weakens the evidence base. As a result, many reported impacts reflect perceived changes ra-
ther than observable cognitive development, making it difficult to determine whether GenAl genu-
inely enhances higher-order thinking or merely alters students’ experiences of it. To address this, fu-
ture research should prioritize experimental and longitudinal approaches, integrate objective
measures of CT and PS, and triangulate findings using mixed-methods designs to better capture both
the measurable and experiential dimensions of GenAl’s influence on key 21st-century skills.

Lastly, our review shows that the current research has overwhelmingly focused on university stu-
dents, leaving primary and secondary education largely unexplored. Yet, the increasing availability of
GenAl tools for younger students raises important questions about how eatly exposure to these tools
might shape the development of CT and PS skills during the formative stages of education. Conse-
quently, we recommend expanding research efforts to include primary and (lower- and upper-) sec-
ondary educational levels, where the pedagogical and developmental implications of GenAl may dif-
fer substantially from higher-education/university contexts.

Taken together, the evidence base resembles a mosaic of promising case studies rather than a coher-
ent picture of GenAl’s educational impact. While this mosaic confirms that GenAl can support CT
and PS, it tells us far less about the conditions under which such support is sustainable or about the
risks of cumulative negative impacts over time. Effectively addressing the dual nature of GenAl and
its impact on the development of CT and PS will require not only a deliberate effort to include un-
derrepresented educational settings and regions but, above all, the implementation of more diverse
and empirically grounded methodological approaches. By adopting such methods, future studies can
move beyond the fragmented evidence to date and offer a more nuanced and globally relevant under-
standing of GenAl’s dual role in fostering or constraining these essential skills.

Beyond identifying empirical gaps, the findings of this review also point to several important theoret-
ical implications, which are broadly consistent with emerging research on the impacts of Al on our
cognition and skill development (e.g., Du et al., 2025). First, the impact of GenAl on CT and PS
should not be understood as inherently positive or negative, but rather as conditional and context-
dependent. This suggests that the “dual nature” of GenAl is better explained by how students engage
with Al-generated outputs and how these tools are embedded within specific learning tasks, rather
than by the technology itself. Second, the development of CT and PS appears to be mediated not by
the presence of GenAl but by factors such as students’ self-regulation, the design of learning activi-
ties, the quality of scaffolding, and the depth of cognitive engagement they elicit. Third, these find-
ings support a reconceptualization of GenAl in educational settings — not as a mere answer-provid-
ing tool, but as a scaffold, a dialogic partner, and a potential cognitive amplifier, whose impact de-
pends on whether it is used to support or replace students’ thinking processes. These theoretical im-
plications provide a basis for a more nuanced interpretation of the findings, which is further elabo-
rated in the following discussion of GenAl’s dual role in shaping CT and PS.

A MORE CoMPLEX VIEW OF THE DUAL NATURE OF GENAI IN RELATION
TO CRITICAL THINKING AND PROBLEM-SOLVING

In addressing RQ3, this section examines the conditions under which GenAl supports or constrains
the development of students’ CT and PS skills, building on the empirical patterns identified in the
preceding analysis. Our findings suggest that the integration of GenAl into education holds consider-
able promise for enhancing CT and PS. Across the empirical studies examined, the dominant trend
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points toward positive outcomes. The mechanisms behind these impacts are consistent with existing
cognitive theories of scaffolding and guided discovery learning (e.g., Jonassen, 2000). GenAl tools,
when designed or implemented as supportive “scaffolds” rather than direct answer-providers, can
prompt students both to think critically and solve problems. This effect likely occurs because such
interactions require students to actively evaluate, compare, and refine information, thereby engaging
the core processes of analysis and judgment that are central to CT and PS. From a sociocultural pet-
spective (Vygotsky, 1978), these findings can be understood as evidence that GenAl functions as a
form of mediated support within students’ zone of proximal development, enabling the co-construc-
tion of knowledge through guided interaction and dialogic engagement. This also aligns with both
Facione’s (1990) and Halpern’s (1998) conceptualizations of CT as a skill that develops most robustly
in environments that provide both cognitive challenge and structured support. In this sense, GenAl
can act as a novel form of cognitive apprenticeship, offering timely feedback, simulating complex
scenarios, and enabling students to test their reasoning in a low-stakes environment.

However, these findings must be interpreted with caution. Although the reviewed literature demon-
strated a preponderance of positive results, this trend may reflect a partial picture. Most included
studies examined GenAl use in narrowly defined educational contexts. Under such conditions, posi-
tive impacts are perhaps unsurprising: If GenAl is integrated into well-structured problem-based
learning or inquiry-driven environments, it can indeed amplify existing pedagogical strengths. Thus,
the supportive role of GenAl is highly contingent upon intentional pedagogical design and active stu-
dent engagement. Yet, the broader reality of students’ everyday use of GenAl extends far beyond
controlled classroom settings. Outside carefully designed interventions, the risk of overdependence,
superficial engagement, or uncritical reliance on Al-generated content is significantly greater. From
the perspective of Cognitive Load Theory (Sweller, 1988), such patterns may be explained by the ex-
ternalization of cognitive processes, where excessive reliance on GenAl reduces opportunities for
germane cognitive load associated with deep processing, thereby limiting the development of CT and
PS. In other words, when students outsource key steps of reasoning to GenAl, they bypass the very
mental effort through which higher-order thinking skills are formed. This highlights the constraining
conditions under which GenAl may undermine CT and PS, particularly when use becomes passive,
unctitical, or habitual.

Herein lies the crux of GenAl’s “dual nature”. While it can strengthen CT and PS development un-
der optimal conditions, it can equally weaken these very skills when employed uncritically or exces-
sively. Even if GenAl integration in classrooms successfully promotes CT and PS in specific tasks,
one must consider what happens when students rely on GenAl tools across the full spectrum of daily
cognitive challenges. For instance, a student may practice critical evaluation when comparing Al-gen-
erated essays to their own writing in a controlled activity. Yet, the same student might outsource eve-
ryday decision-making to personal Al assistants, delegating tasks such as choosing a computer, ot-
ganizing finances, or even drafting personal communications. These ate precisely the kinds of every-
day situations that historically nurtured informal PS and CT skills. Increasingly mediated these deci-
sions with GenAl may represent a “silent erosion” of cognitive effort. In other words, while individ-
ual studies have highlighted micro-level gains, the macro-level reality could involve a net loss of op-
portunities to engage in authentic, self-directed thinking. This paradox has been noted in broader
philosophical debates on automation and cognitive offloading (Gerlich, 2025), but it remains under-
explored in empirical educational research.

This tension becomes even clearer when considering the extraordinary speed with which GenAl has
become embedded in everyday life. ChatGPT, for example, was released on November 30, 2022, and
within only two months was estimated to have reached 100 million active users, with around 13 mil-
lion unique visitors daily, making it the fastest-growing application in history (Peters et al., 2024).
Such unprecedented adoption illustrates not only the enthusiasm for GenAl but also the rapid not-
malization of these tools in education, work, and daily decision-making. As the social theorist McLu-
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han (1994, p. 9) observed, “we shape our tools, and thereafter our tools shape us.” The current tra-
jectory suggests that GenAl is no longer a peripheral experiment but a central element of how we
think, solve problems, and interact with knowledge. The crucial question, therefore, is not whether
GenAl will reshape CT and PS development; rather, it concerns how we can maintain agency over
how it shapes us. From the perspective of RQ3, this underscores that the conditions shaping
GenAl’s impact extend beyond formal educational settings and increasingly include everyday patterns
of use. As a result, the conditions under which GenAl supports CT and PS are closely tied to struc-
tured guidance, reflective use, and pedagogical alignment, whereas unstructured or unguided use is
more likely to constrain their development.

This situation points toward a fundamental challenge for educators and policymakers: how to pre-
serve and cultivate CT and PS in an era when many of the tasks that once required them can now be
outsourced to Al systems. Our review suggests that the answer does not lie in resisting GenAl alto-
gether, but in equipping students with the competence to use GenAl critically and responsibly. Fur-
thermore, this aligns with the TPACK framework (Mishra & Koehler, 20006), underscoring that the
educational impact of technologies depends not on their mere presence but on how effectively they
are aligned with pedagogical goals and content knowledge. This is where the concept of Al literacy
becomes central (Ng et al., 2021; Zhong & Liu, 2025).

Al literacy, in this sense, is not simply about knowing how Al systems function, but about develop-
ing the metacognitive skills to interrogate their outputs, recognize their limitations, and decide when
(and when not) to rely on them. This includes fostering dispositions such as skepticism, reflection,
and intellectual humility, attitudes long associated with CT (Ennis, 1989; Facione, 1990). Equally im-
portant, however, is the educator’s intentional role. Our review revealed that the most positive im-
pacts of GenAl on CT and PS occur when it is carefully embedded in well-designed teaching and
learning activities. This means that the quality of educators’ planning, i.e., how they structure tasks,
frame prompts, and anticipate moments of reflection, largely determines whether GenAl becomes a
catalyst for deeper thinking or a shortcut to superficial answers. By embedding GenAl literacy as a
transversal competence, educational systems can help ensure that GenAl becomes a catalyst rather
than a crutch for CT and PS. Without such deliberate cultivation, there is a real risk that the short-
term gains highlighted in current empirical studies will be overshadowed by long-term cognitive atro-
phy in everyday reasoning and decision-making.

Furthermore, while concerns about overreliance, diminished originality, and shallow engagement are
valid, several positive outcomes identified in this review suggest pathways to mitigate these risks. No-
tably, many of the most promising benefits, such as increased evaluative reasoning, metacognitive
awareness, and collaborative PS, directly counteract these negative impacts when GenAl is embed-
ded within reflective, guided, and supported learning contexts. Rather than ignoring the limitations of
GenAl, effective pedagogical designs can turn these limitations into productive triggers for critical
engagement. In this sense, the positive mechanisms do not merely coexist with the negative; they ac-
tively provide a means to neutralize or reverse them, provided that GenAl use is intentional, scaf-
folded, and aligned with the broader goals of cognitive autonomy and ethical, responsible Al use.

LIMITATIONS

To situate our results in a broader context, it is important to acknowledge several limitations inherent
in the chosen theoretical and methodological framework. The first significant limitation of this re-
view is the predominance of self-reported data across the included studies. Much of the research on
GenAl’s influence on CT and PS relies on surveys and interviews, which provide valuable insights
into students’ and educators’ perceptions but offer limited evidence of actual skill development. As
such, reported benefits may reflect perceived improvements rather than demonstrable gains in
higher-order thinking, while reported concerns may not always correspond to measurable declines.
To mitigate this limitation, we distinguished between “objective” studies, which employed measura-
ble interventions or standardized assessments, and “subjective” studies, which were based on self-
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reporting. Although this allowed us to evaluate findings from both groups separately, the overall evi-
dence base in current academic literature remains weighted toward subjective perceptions, limiting
the strength of causal interpretations and underscoring the need for more robust, performance-based
research designs. In addition, we believe that the relative scarcity of experimental and longitudinal
studies further constrains the ability to draw firm conclusions about causality and long-term impacts.
Most existing studies capture short-term outcomes within specific instructional contexts, making it
difficult to determine whether observed improvements or declines in CT and PS are sustained over
time or transferable across different learning environments. At the same time, it should be noted that
the review did not employ a formal quality assessment tool to evaluate the methodological rigor of
the included studies systematically. These studies were included based on predefined eligibility criteria
and their empirical relevance to the research questions, but not weighted by methodological quality.
While differences in study design were considered in the analysis, the absence of a standardized as-
sessment of study quality means that variations in methodological robustness were not formally
weighted in the synthesis.

Second, our search strategy was limited to the Scopus database, which might have restricted the com-
prehensiveness of the review. Although Scopus provides broad coverage of peer-reviewed literature
across disciplines relevant to this study, other databases (such as ERIC) and grey literature (e.g., dis-
sertations and preprints) may include relevant studies not captured by Scopus. In particular, data-
bases focused on education, psychology, and technology in education research (e.g., ERIC, Web of
Science, PsycINFO, IEEE, or ACM) may contain relevant studies that were not indexed in Scopus.
In addition, the search relied on the keywords “critical thinking” and “problem-solving.” This focus
may have excluded research addressing specific subcomponents of these skills (e.g., inference, evalua-
tion, metacognition) without explicitly using the broader terms. As a result, our findings should be
viewed as a synthesis of the literature explicitly framed in CT and PS, rather than a comprehensive
mapping of all related cognitive skills.

Third, a further limitation relates to the geographic and contextual distribution of the included stud-
ies. The existing evidence base is heavily concentrated in high-income regions and higher education
settings, with limited representation from low-income and middle-income contexts and earlier stages
of education. This imbalance may restrict the generalizability of the findings, as the impact of GenAl
on CT and PS is likely shaped by factors such as educational infrastructure, cultural norms, and peda-
gogical traditions. This pattern likely reflects disparities in access to GenAl technologies and research
capacity across regions, highlichting the need for future studies that more systematically include di-
verse educational contexts, underrepresented regions, and a broader range of student populations.

Fourth, both CT and PS are complex constructs with multiple definitions. Our decision to adopt spe-
cific definitions, while grounded in well-established scholarship, inevitably shaped how we inter-
preted and categorized the literature. Studies using alternative conceptualizations may have empha-
sized different skills or relationships, a possibility that underscores the need to view our conclusions
within these specific theoretical frameworks.

CONCLUSION

This systematic review set out to examine the impact of GenAl on two foundational 21st-century
skills: CT and PS. Drawing on a PRISMA-based synthesis of 173 empirical studies published between
2022 and 2025, our analysis demonstrated that GenAl holds considerable potential to act as both a
catalyst and a constraint in the development of higher-order cognitive skills mentioned. On one
hand, GenAl can scaffold reflective inquiry, foster diverse perspectives, and supportt structured en-
gagement with complex tasks. On the other hand, its widespread and often uncritical use raises con-
cerns about dependency, superficial reasoning, and the erosion of independent PS and CT capacities.
These findings confirm the dual nature of GenAl in education: It can be either a contributor or an
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obstacle to students’ intellectual growth, depending on how it is embedded in pedagogical practices
and educational settings.

Three key insights emerged from our review. First, the benefits of GenAl are most pronounced
when it is integrated into structured, inquiry-based, or problem-oriented instructional designs that de-
liberately engage students in evaluating, questioning, and refining GenAl outputs. In such contexts,
GenAl serves less as an answer provider and more as a cognitive scaffold, enabling students to culti-
vate the evaluative and metacognitive habits essential for CT and PS. Second, risks arise primarily in
unstructured or passive use, where the temptation to offload cognitive effort to GenAl tools can un-
dermine students’ independent reasoning and originality. Third, the current evidence base is highly
uneven, dominated by self-reported studies and largely focused on higher-educational levels, high-
lighting substantial gaps that limit our ability to generalize findings across contexts and student popu-
lations.

The implications of these findings are twofold. For educational practice, our review underscores the
urgent need to design learning environments that cultivate Al literacy, understood not merely as
technical proficiency, but as the capacity to interrogate, contextualize, and critically engage with Al-
generated content. In practical terms, this may involve practices such as teaching students to verify
GenAl outputs against other sources, identify possible hallucinations and bias, justify when and why
GenAl was used, and reflect on which parts of a task should remain cognitively their own. Likewise,
pedagogical design should, for example, position GenAl as a scaffold rather than as a substitute for
thinking by asking students to compare Al-generated and self-generated responses, critique and re-
vise GenAl outputs, and use GenAl as a starting point for further reasoning rather than as a final an-
swer. These implications are consistent with emerging literature emphasizing that Al should comple-
ment rather than replace students’ CT and PS, and that pedagogical scaffolding and assessment de-
sign matter for preserving cognitive engagement and academic integrity. By embedding Al literacy
across disciplines, educators and policymakers may help safeguard CT and PS while enabling stu-
dents to leverage GenAl responsibly. For research, there is a clear demand for more robust, longitu-
dinal, and experimental studies that examine not only short-term outcomes but also the long-term
cognitive and developmental consequences of sustained GenAl use, particularly in underexplored
contexts.

More specifically, future research should prioritize experimental and quasi-experimental designs capa-
ble of testing causal effects, extend the evidence base beyond higher education into primary and
(lower and upper) secondary education contexts, and include a stronger representation of un-
derrepresented regions. There is also a need for more performance-based assessments of CT and PS,
so that future studies can move beyond predominantly self-reported perceptions and provide
stronger evidence of actual CT and PS levels and development.

Ultimately, the question is not whether GenAl will shape education, but how education can shape its
use. By providing a focused and empirically grounded synthesis of 173 studies, this PRISMA-based
review presents a more differentiated understanding of the conditions under which GenAl supports,
constrains, or ambiguously influences students’ CT and PS. It therefore provides a foundation for
future, more informed pedagogical, policy, and research decisions. Only through deliberate, evidence-
based integration can GenAl serve as an aid rather than a batrier to the cultivation of the CT and PS
capacities that remain indispensable for students in a rapidly evolving world.
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