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There is increasing demand for teamwork and collaboration
proficiencies, which require recalibration of workforce
capabilities. As artificial intelligence reshapes societal and
professional demands, higher education must adapt by equipping
students with essential skills for evolving workplace needs. This
systematic review aims to map the perspectives explored and the
observed effects of using Al in collaborative learning among
higher education students. The reviewed 34 studies primarily
explored how Al enhances collaborative learning, targeting group
performance, collaboration, knowledge building, and social
interactions. Findings showed that integrating Al into
collaborative learning situations can promote both collaborative
and individual learning in various higher education contexts. This
review provides an overview of Al's role in collaborative learning
settings, highlights current development, and identifies gaps for
further research. It also serves as a source for educators,
policymakers, and researchers interested in leveraging Al to

foster enriching educational experiences.
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1 Introduction

Artificial intelligence (Al) has emerged as a powerful and rapidly advancing
technology impacting our society (Vinothkumar & Karunamurthy, 2023), and in
higher education (HE), it enhances human capabilities and opens new opportunities
for teaching and learning (Popenici & Kerr, 2017). Al is commonly described as the
capacity of computing systems to learn, adapt, and perform tasks that typically
require human intelligence (Duan et al., 2019). In educational contexts, Al is further
understood as the simulation of human-like cognitive processes such as data
synthesis, adaptation, and error correction (Popenici & Kerr, 2017). As Al reshapes
industries, professionals must acquire new competencies. There is a growing demand
for higher-order cognitive skills as routine tasks are automated, necessitating a
recalibration of the workforce's capabilities. The increasing complexity of tasks
requires a diverse set of skills, such as problem-solving skills, and multidisciplinary
knowledge (Katsamakas et al., 2024). This shift underlines the growing importance
of 'human skills and competencies'—such as creativity, critical thinking, and
emotional intelligence, and the ability to work and communicate effectively in teams
is more critical than ever (Huang & Rust, 2018; Bae & Bozkurt, 2024).

While digital transformation presents both challenges and opportunities for HE
(Rasul et al., 2024; Ritter et al., 2024), it is crucial that educational systems not only
respond to these changes but also proactively equip students with the skills
demanded by modern workplaces (Régo et al., 2024; Yang, 2023). Therefore,
learning should shift from individual mastery to collaborative knowledge building
that fosters essential skills like problem-solving and communication (Atchley et al.,
2024; D'Mello et al, 2024). While AI reshapes the modern workplace, HE
institutions (HEIs) must ensure students develop Al-complementary skills, those
that support effective interaction with Al, informed decision-making, and navigation
of complex social dynamics in professional settings (Katsamakas et al., 2024; Ritter
etal., 2024; Polakova et al., 2023; Korteling et al., 2021). For HEIS to thrive in today's
world, it is highly relevant to engage students in collaborative learning activities
(Atchley et al., 2024).

Collaborative learning is grounded in social constructivism, which asserts that
knowledge is constructed through collaborative interaction and shared

understanding among individuals (Barkley et al., 2014; Dillenbourg, 1999), and it
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may include sharing knowledge, assisting peers, and resolving viewpoints (Webb &
Mastergeorge, 2003). Collaborative learning has been an integral part of HE for
many decades. It was initiated by educators in the 1960s and 1970s with the aim of
transforming the structure of authority within education (Yang, 2023). In HE,
collaborative learning enhances student motivation, engagement, and academic
success (Joseph et al., 2024; La Rocca, 2014; Loes, 2022; Webb & Mastergeorge,
2003) and it is also known to foster critical 21st-century workplace skills (Atchley et
al., 2024).

The increased opportunities of Al in learning have led to its adoption in monitoring,
assisting, and supporting collaborative situations (Jarveld et al., 2023; Atchley et al.,
2024). Innovative digital practices ate needed as HE increasingly faces situations
where instructors cannot be present and there is a lack of in-person interactions (e.g.,
Otto et al. 2024). Recent research indicates that in the HE context, Al-based tools
may effectively support collaboration by assisting both educators and students
(Atchley et al., 2024). For example, generative Al tools can also support collaborative
learning experiences through inquiry-based learning, critical thinking, and group
communication, providing personalized experiences while fostering essential social
and cognitive skills (Bae & Bozkurt, 2024).

Integrating Al into collaborative learning offers great potential but also raises
concerns about bias, accuracy, ethics, and long-term educational impact (Monteith
et al., 2024; Adeshola & Adepoju, 2024). To mitigate these challenges, Al should
function as an assistive rather than a directive tool, fostering collaborative problem-
solving and supporting rather than replacing human intellectual engagement
(Atchley et al., 2024; Régo et al., 2024). In the systematic review, Chu et al. (2022)
recognized that Al research in HE primarily focuses on student learning behaviour,
as well as the accuracy and sensitivity of Al tools, with limited emphasis on Al’s role
in fostering higher-order thinking and collaboration. Due to the swift emergence of
Al in HE, a literature review is needed to synthesize existing research and provide
an evidence-based foundation for understanding its potential in supporting
collaboration and collaborative learning. A systematic assessment of the current state
of research aims to highlight impacts, identify gaps, and raise relevant research
questions. It also aims to offer knowledge to support, for example, educators and

education designers in making informed decisions about integrating Al tools in
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collaborative learning settings in HE. This systematic review will address the

following research questions:

— RQ1: What thematic categories can be identified in research on the use of
artificial intelligence in the context of collaborative learning among higher
education students?

— RQ2: What effects of students’ use of artificial intelligence on collaborative

learning are identified in research conducted in higher education settings?
2 Method
2.1 Search strategy and identification of relevant publications

This study adopted the PRISMA framework for tracking and reporting the selection
of studies (Moher et al., 2009). We specifically included research articles that
discussed collaborative learning and the use of Al applications by students in HE.
We conducted two searches. The initial search was conducted by both authors on
February 3, 2024, and the filtering process resulted in a reduced set of records for
further screening. Following this, the backward snowballing method (Wohlin, 2014)
was applied in alphabetical order of the included records by the second author using
the same inclusion and exclusion criteria. The second search was conducted on
October 30, 2024, to update the review with the latest articles. The overall search

and screening process is summarized in Figure 1.

The selection process for relevant articles was conducted similarly after both
searches as follows. To ensure a sufficient level of interrater reliability during the
screening process, we implemented a multi-step procedure. Before the abstract
screening began, we conducted a calibration phase in which both authors
independently screened a shared sample of abstracts (n = 20) to align the inclusion
and exclusion criteria into practice. Discrepancies were discussed jointly to reach a
common understanding and refine the screening guidelines. After this calibration,
the remaining abstracts were divided evenly between the two primary authors, with
each screening being approximately half. During this phase, any potentially unclear
or borderline cases were flagged and discussed collaboratively. If consensus could

not be reached between the two, a fourth author acted as an adjudicator and made
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the final inclusion decision. This process helped to ensure consistency in decision-

making and minimize the risk of bias or misinterpretation.

Search strategy — Keywords: Databases:
“Artificial intellipence™ OR “AT” OR “Al-bazed ERIC ProQuest,
education™ AND “higher education™ OR “university” IEEE Explore,
_g OR “college™ OR “undergraduate™ OR “post- Education ProQuest,
E secondary” AND “student™ AND “collaborative Sage, ACM, Scopus,
!'.é learning™ OR “cooperative learning™ OR “participatory and Web of Science
ﬁ learning™ OR “active learning™ OR “dvnamic learning™

Inclusion criteria — First phase (2/2024) and Second phase (10/2024):
1) Published in English; 2) Published from 2020 onwards; 3) Only studies that
include AT used by students in collaborative learning sitnations in Higher education.
¥
First phase screening —* Screening based on the criteria:
ERIC (n=96), IEEE Explore (n=301), Education Databaze (n=116), Sage (n=661),
|: ACM (n=4441), Scopus (n==888), and Web of Science (n=266): Total (n=6769)

Duplicates removed (n=363), ™ Records excluded (n=673)*** Reports [ |
Ineligible by avtomation (n=3707)*, sought for retrieval (n=21), assessed
Other reasons (n=3)"* (n=21), excluded (n=5)'T.'
Total (n=696) Total (n=16)

¥
Snowballing method M
Reports sought for retrieval (n=11), Reports assessed (n=11), Excluded (n=4}f'f:
‘Total (n=T)

Bgl)
8
-
(1]
Ul

Second phase . Screening based on the criteria:

ERIC (n=71), IEEE Explore (n=8%), Education Database (n=19), Sage (n=188),
ACM (n=1002), Scopus (n=1153), and Web of Science (n=83): Total (n=1569)

screening

Duplicates removed (N=123), Records excluded (n=347)***, Reports
Ineligible by automation (IN=1072)* ] sought for retrieval (n=27), assessed
Total (n=369) (n=21), excluded (n=10)7t"
Total (n=11)

¥
o . . L
Included papers —>| Studies included in review: Total = (n=34 (16+7+11)) T
-
# Ezch dztzbase’s automation tool: records published before 2020, non-English publcations and « rticles, and non-j 1 sources, =
Articles retracted, *** Not including AT used by students in collzborative learning sitsations in Higher education, T Not including
collaboration (n = 3), Not inclading AT used by students (a = 2), 7 Not including collaboration (n = 3), Not including AT uzed by
Not including collzboration (n = 3), Not mncluding AT used by students (n = 3)

Included

Figure 1: Flowchart of the selection process

2.3 Analysis

The analysis of the included articles followed a systematic and collaborative
methodology, in line with PRISMA guidelines. Initially, the 34 records that met the

inclusion criteria were independently reviewed by the first and second authors.
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Relevant information from each article, including article details such as title, authors,
publication year, country of origin, study design, journal ranking level, publication
venue, and impact factor, was recorded in a structured Excel file to facilitate analysis
and ensure consistency. A data-driven inductive content analysis method was
employed to analyze the data extracted from the results of the selected articles. This
approach followed the principles of qualitative content analysis as described by Elo
and Kyngis (2008), emphasizing systematic data reduction, category development,
and transparent documentation of the analytical process. To systematically organize
and interpret the data, key elements such as the original expression, condensed
expression, keyword or phrase, subcategory, and main category were recorded in a
structured Excel file. During the summarization process, the data collected was
organized into initial subcategories, which were formed based on the observed
recurring elements and similarities. These subcategories served as the basis for the
creation of broader categories, which were built by combining thematically similar
subcategories. The formation of categories was a critical step in the analysis, as it
allowed for the structuring of the data and the presentation of key findings
systematically and coherently. To facilitate this process, the main categories and
subcategories were visually mapped on the MIRO board, enabling a clearer overview
of the relationships between the key concepts and supporting the structured
synthesis of the findings. The entire content analysis process was carried out in close
collaboration among the research team, and each step of the process was carefully
documented, ensuring transparency of the methods and the reproducibility of the

research. The final categories are presented in the results section 3.1 of the article.
2.4 Quality appraisal

The quality of the articles included in the review was assessed using the Mixed
Method Appraisal Tool (MMAT), which is a validated tool designed for the appraisal
of empirical studies employing qualitative, quantitative, and mixed methods
approaches. We used screening questions tailored to these research designs (Hong
et al. 2018). The first and second authors conducted independent evaluations of the
studies utilizing the MMAT scoring system. The final evaluations revealed that the
studies included achieved scores ranging from 40% to 100% on the MMAT.

Furthermore, the impact factors of the journals were screened. (See Table 1.)
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Table 1: Quality assessment (MMAT score%, journal, IF)

MMAT Quality

Impact Factor

Scote (%) Studies Total (IF) [0,10] Studies
100 8 6-10 6
80 14 34 3-6 18 34
60 10 1-3 8
40 2 Unknown 2

2.5 Included publications

A diverse range of research methodologies was employed across the identified
studies. Specifically, four studies employed qualitative approaches. Among the
quantitative studies, seven were randomized controlled trials, four were
nonrandomized studies, and one utilized a descriptive quantitative approach.
Additionally, 18 studies utilized mixed methods. Of these, eight combined qualitative
and quantitative descriptive methods, while ten integrated qualitative approaches
with non-randomized quantitative methods. Most of the studies (23) included in the
review were published within the years 2023-2024. During the years 2020-2022,
there were 10 studies published, and one article was published in 2025. The studies
included in this research were collected from a range of 18 different countries. A
significant portion of these studies originated from institutions in China (15),
followed by the USA, Serbia, and Saudi Arabia, each with two studies. The remaining

countries each contributed a single study.
3 Results

31 Thematic categories on the use of artificial intelligence in
collaborative learning among higher education students (RQ1)

The analysis of the selected literature of 34 studies revealed five main thematic
categories concerning the use of Al in collaborative learning among HE students.

From these main categories, altogether 20 subcategories were identified (See Table
2).
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Table 2: Thematic categories of the use of Al in collaborative learning situations

Main categories
and frequency

Subcategories and
frequency

Group performance

®

References

Hayashi (2020); Kumar (2021); Long, et al. (2024);
Zheng, et al. (2022); (2023a); (2023b); (2023c¢); (2024)

Collaboration (7)

Hayashi (2020); Ilic et al. (2021); Jarveld et al. (2023);
Kuleto et al. (2021); Ouyang et al. (2023); Tegos et al.
(2021); Van Horn (2024)

Collaborative i
learning kn()cﬂlelzb:rsnﬁlgin Chen et al. (2023); Saadati et al. (2023); Zheng et al.
(28) W 256) HEERE | (2023); (2023b); (20230); (2024)
o . Li X. et al. (2024); Ouyang et al. (2024); Zheng et al.
Social interaction (5) (2021); (2022); (2023a)
Socially shared )
regulation (2) Zheng et al. (2023a); (2023c)
Li T. et al. (2024); Li X. et al. (2024); Kong et al.
Cognition (9) (2025); Kumar (2021); Peng et al. (2022); Zheng et al.
(2021); (2023a); (2023c); (2024)
Kumar (2021); Ouyang et al., (2024); Peng et al.
Engagement (6) (2022), Ramos & Condotta (2024); Van Horn (2024);
L Xie et al. (2021)
earner : Mali . .
s | emsogaion (| LTt G020 Nk G2 g .G
(26)

Reflection (3)

Chen et al. (2023); Lin et al. (2024); Ouyang et al.
(2024)

Self-efficacy (3)

Kong et al. (2025); Kumar (2021); Van Horn (2024)

Demographics (1)

Joseph et al. (2024)

Learning process

19

Learning performance

®

Ilic et al. (2021); Kong et al. (2025); Kuleto et al.
(2021); Kumar (2021); Peng et al. (2022); Ramos &
Condotta (2024); Tegos et al. (2021); Li T. et al. (2024)

Feedback (5)

Kumar (2021); Olga et al. (2023); Ouyang et al. (2023);
Saadati et al. (2023); Van Horn (2024)

Pedagogical support
3

Chen et al. (2023); Ouyang et al. (2024); Ramos et al.
(2024)

Self-directed learning

Jarveld et al. (2023); Richter et al. (2024); Van Horn

3) (2024)
Skills and knowledge | Almulla (2024); Ilieva et al. (2023); Richter et al.
Use of Al tools in (5) (2024); Tzirides et al. (2024); Ilic et al. (2021)
collaboration (12) | Emotional response | Ilieva et al. (2023); Li X. et al. (2024); Rosenberg-Kima
4 et al. (2020); Peng et al. (2022)
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Main categories  Subcategories and

References
and frequency frequency
Perception and Joseph et al. (2024); Long et al. (2024); Tegos et al.
attitude (3) (2021)

Li X. et al. (2024); Lin et al. (2024); Long et al. (2024);

Comperency 3) | (yureshi (2023); Ouyang et al. (2024)

Learning
outcomes (8)

Knowledge

integration (3) Hayashi (2020); Zheng et al. (2021); (2022)

3.2 Effects of students’ use of Al on collaborative learning identified in
research conducted in HE settings

To address the second research question, a more detailed overview of the studies

previously summarised in the table is presented within each thematic category.

Collaborative learning: A synthesis of the reviewed studies highlights that the use
of Al in collaborative learning situations can affect group performance (Hayashi, 2020,
Zheng et al., 2021; 2023a; 2024) by enhancing teamwork skills (Kumar, 2021; Long
et al,, 2024; Zheng et al., 2023b) and teamwork competencies (Long et al., 2024).
Furthermore, Al integration fosters collaboration among students (Jarveld et al., 2023;
Tegos et al., 2021; Van Horn, 2024; Zheng et al., 2022), for example, by positively
influencing mutual learning and knowledge exchange (Van Horn, 2024), as well as
in fostering students’ regulation-oriented feedback (Ouyang et al, 2024) and
improving coordination (Hyashi, 2020). The synthesis also indicates that Al can
facilitate collaborative learning environments for HE institutions (Ilic et al., 2021;
Kuleto et al., 2021). Moreover, results showed that Al-based systems can enhance
collaborative knowledge building (Zheng et al., 2023a; 2023b; 2024) through Al-generated
feedback (Zheng et al., 2023c), support for constructing arguments (Chen et al.,
2023), and by encouraging co-construction of knowledge and problem-solving
(Saadati et al., 2023). According to the studies reviewed, Al tools support social
interaction through enhanced social engagement (Zheng et al, 2023a), foster
interactive relationships (Zheng et al., 2021; 2022), facilitate information sharing (Li
X. et al,, 2024), and improve peer interactions (Ouyang et al., 2024). Additionally,
the use of Al-based tools in collaborative learning situations enhances social shared

regulation among learners (Zheng et al., 2023a; 2023c¢).
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Learner characteristics: The synthesis of reviewed studies indicates that Al can
enhance cognition by promoting engagement (Zheng et al., 2024), deeper cognitive
thinking (Peng et al., 2022), and cognitive presence (Kong et al., 2025). While Al-
supported collaboration has been associated with reduced cognitive load in some
cases (Li et al., 2024), other studies have found no significant impact (Kumar, 2021;
Zheng et al., 2021, 2023a, 2023c). Furthermore, Al-supported learning was found to
enhance student engagement in some studies (Ouyang et al., 2024; Peng et al., 2022;
Ramos & Condotta, 2024; Van Horn, 2024; Xie et al., 2021). However, Kumar et al.
(2021) found no significant influence on students’ perception of learning. Moreover,
studies also identified impacts on mefacognition, as the use of Al tools in learning
environments enhanced students’ understanding by supporting reflective and critical
thinking (Li T. et al., 2024). Al-supported learning was also found to enhance
metacognitive skills and the development of metacognition (Malik, 2024; Van Horn,
2024), as well as increase metacognitive engagement (Ouyang et al., 2023). Studies
also showed that Al tools use positively influenced students’ reflection, as Al-assisted
learning facilitated idea refinement, reflective thinking, and self-awareness through
collaborative argumentation, structured observation, real-time feedback, and
behaviour adjustment (Chen et al., 2023; Lin et al., 2024; Ouyang et al., 2024). While
many studies reported positive outcomes, the effects on students’ self-efficacy were
mixed. Increased confidence was observed primarily in the specific skills targeted by
the learning activities (Van Horn, 2024), but no significant effects were found on
motivational beliefs or creative self-efficacy (Kumar, 2021), nor was there evidence
of increased motivation (Kong et al., 2025). Moreover, Joseph et al. (2024) found
that demographic factors such as gender, field of study, specialization, and place had
no effect on Al tool use, digital literacy competence, or participation in Al-assisted

learning.

Learning process: Al in collaborative learning demonstrated a positive impact on
learning performance by enhancing learning retention and academic performance, as
well as supporting dynamic problem-based learning activities (Kong et al., 2025;
Kumar, 2021; Li, T. et al., 2024; Peng et al., 2022; Ramos et al., 2024). In addition,
Al was found to support the development of customized learning skills and enhance
personalized learning (Ilic et al., 2021; Kuleto et al., 2021). The importance of real-
time feedback provided by Al was detected in several studies (e.g. Chen et al., 2023;
Li X. et al., 2024; Ouyang et al., 2024; Van Horn, 2024; Zheng et al., 2022), for
example, in fostering problem-solving approaches (Ouyang et al., 2024). Despite
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occasional confusion caused by Al-generated feedback (Ouyang et al, 2023),
students generally viewed it positively (Kumar, 2021; Ouyang et al.,, 2024). A
combination of peer and Al feedback was considered the most effective (Olga et al.,
2023). Al tools have also been successfully utilized as pedagogical support for
monitoring and managing the learning process (Chen et al., 2023), and they have
proven effective in enabling more active teaching by supporting instructional
planning (Ramos et al., 2024). Furthermore, Al-driven learning was found to reduce
the need for extensive instructor feedback and support (Ouyang et al., 2024). Finally,
Al-enhanced learning was found to support se/f-directed learning, contributing to more
personalized education and fostering responsible decision-making through
experimental and ethical practices (Van Horn, 2024; Richter et al., 2024). It also
improved self-regulation by providing real-time adaptive feedback in human-Al
collaboration (Jarveld et al., 2023).

Use of Al tools in collaboration: According to the synthesis of the reviewed
studies, the use of Al in interactive and collaborative learning settings supports
students' Al-related skills and knowledge by enhancing their perception of its ease of
use and benefits, while also fostering skill development (Almulla, 2024; Ilic et al.,
2021). Combining Al with human intelligence was found to improve Al literacy and
boost students' confidence in using Al technologies (Joseph et al., 2024; Tzirides et
al., 2024). Additionally, Richter et al. (2024) emphasize the importance of
collaborative and experimental learning methods for ethical and practical use of Al
Students’ emotional responses to Al in learning were generally positive (Ilieva et al.,
2023; Li X. et al., 2024; Peng et al., 2022) as were their perceptions and attitudes towards
Al integration (Long et al., 2024; Rosenberg-Kima et al., 2020; Tegos et al., 2021).

Learning outcomes: Al integration in collaborative learning has been shown to
foster understanding and competency development, e.g., by providing essential support
for structuring inquiry-based tasks, enhancing collaborative academic writing by
improving writing quality, fostering reflective thinking and active participation in
discussions, and enhancing problem-solving behaviours and learning outcomes,
although final performance improvements may vary (Long et al., 2024; Li et al., 2024;
Lin et al., 2024; Qureshi, 2023; Ouyang et al., 2023). Furthermore, Al was found to
promote deeper knowledge processing by fostering both knowledge convergence
and elaboration through real-time feedback and automated interaction classification,

thereby contributing to &nowledge integration (Zheng et al., 2022; Hayashi, 2020).
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4 Discussion and conclusions

The quality and credibility of the analysed studies appeared relatively high, with the
majority demonstrating strong methodological quality. As a response to the first
research question, the analysis of the selected studies revealed five main categories
and 20 subcategories. In addressing the second research question, the findings
suggest that Al integration in collaborative learning holds potential to support both
group and individual learning. Most reported effects were positive, including
enhanced teamwork skills, improved group performance, and strengthened
collaboration and knowledge building (e.g., Hayashi, 2020; Kumar, 2021; Tegos et
al., 2021; Saadati et al., 2023). In summary, Al was found in supporting learning by
providing adaptive and real-time feedback, enhancing engagement, assisting in the
development of metacognitive skills, and facilitating the management of cognitive
load (e.g., Chen et al., 2023; Li et al., 2024; Malik, 2024; Van Horn, 2024; Zheng et
al., 2023a, 2023c). The limitations of this review include its focus on peet-
reviewed journal articles and English-language publications, which may have
restricted the diversity of perspectives and limited the international scope of the
findings.

Future research should examine AI’s long-term impact on teaching and learning,
particularly as a collaborative and self-directed learning companion, while expanding
to diverse educational settings across academic levels, disciplines, and cultural
contexts. Although most reviewed studies focused on the benefits of Al, critical
perspectives were limited. As Al tools use expands, concerns about bias, inaccuracy,
and ethics emerge (Adeshola & Adepoju, 2024; Monteith et al., 2024), highlighting
the need to examine the ethical and responsible use of Al in collaborative learning,

in order to evaluate potential drawbacks.

In conclusion, as Al, particularly Generative Al, continues to reshape work and
education, the importance of human skills, such as communication, collaboration,
and problem-solving, is growing. In this context, Al also offers new opportunities
to support collaborative learning. These developments call for HEIs to rethink their
role and pedagogy (see also Popenici & Kerr, 2017). Al should be integrated in
various ways into learning environments and competency development in diverse
ways, while ensuring that students' Al literacy is strengthened and that they can apply
it both ethically and effectively (Richter et al., 2024; Tzirides et al., 2024). Maximizing
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Al’s educational benefits requires collaboration among educators, policymakers,
researchers, and developers, along with a deeper understanding of its role across
learning environments to refine best practices for its integration, ensuring that it

meaningfully supports both individual and collaborative learning.
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