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Abstract: Learning motivation is a core psychological mechanism mediating instructional
design, learning environments, and academic performance, especially in cognitively
demanding domains like Advanced Mathematics in higher education. This literature review
synthesizes the theoretical foundations, empirical evidence, methodological trends, and
limitations of research on learning motivation in Al - mediated collaborative learning. Based
on Self - Determination Theory, Expectancy—Value Theory, and Achievement Goal Theory, it
clarifies how Al - mediated interventions and collaborative structures shape motivation and
influence academic outcomes and self - confidence. Methodologically, contemporary research
is empirical - oriented, uses theory - aligned measurement tools, and relies on structural
equation modeling for mediation testing, but has issues like over - reliance on cross - sectional
data, poor sample representativeness, mismatched measurement tools for Al, and insufficient
group - level analysis. There are critical gaps in theoretical integration, empirical exploration
of longitudinal dynamics and Al effects, and methodological innovation. Future research
should focus on developing unified theoretical models, expanding empirical studies, innovating
measurement tools and techniques, and addressing ethical and practical issues. The review
offers an overview of current research and identifies key directions for motivation research in
Al - enhanced higher education.

Keywords: Learning Motivation; Al-Mediated Collaborative; Mediating Mechanism;
Advanced Mathematics; SDG4

1. Introduction

Learning motivation is a core construct of educational psychology, fundamentally determining
students' learning engagement, persistence, and academic achievement (Ryan & Deci, 2020).
The pursuit of understanding and enhancing motivation aligns directly with the global
commitment to Sustainable Development Goal 4 (SDG 4), which aims to “ensure inclusive and
equitable quality education and promote lifelong learning opportunities for all” (United Nations,
2015). At the heart of achieving this goal lies the imperative to foster intrinsic drive and
equitable access to engaging learning experiences for every learner.

Despite the rich achievements in this field, existing literature still contains gaps that urgently

need integration and critical analysis. First, many empirical studies present situational
contradictions; for example, the same intervention strategies show vastly different effects in
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different cultures or educational stages, highlighting the limitations of theoretical application.
Second, existing reviews largely focus on theoretical commentary within Western contexts,
lacking a systematic critique of research findings from Southeast Asia, particularly Malaysia,
a multicultural and multilingual educational environment. Insufficient dialogue between local
research and mainstream international discourse makes it difficult for local educational
practitioners to directly draw upon these findings. These gaps underscore the crucial
importance of a systematic and critical review—specifically, what are the theoretical, empirical,
and methodological gaps in current learning motivation research, particularly in the context of
Al-mediated collaborative learning, and how can future research directions be refined to
address these gaps while advancing SDG 4’s commitment to inclusive and equitable quality
education?

This paper clearly points out the gaps in the research on Al-mediated collaborative learning
motivation in three core aspects: theory, empirical evidence, and methodology. Based on these
gaps, it proposes four clear future research directions, aiming to provide clear problem
guidance and development paths for subsequent research in this field, thereby promoting the
in-depth development and practical application of Al-mediated collaborative learning
motivation research.

To attain the aforementioned objectives, this paper is structured as follows: subsequent to the
introduction, Part 2 will conduct a review of Method and Scope; Part 3 will explore Conceptual
and Theoretical Foundations; Part 4 will present a Thematic Synthesis of Empirical Studies;
Part 5 will examine Methodological Trends and Limitations; Part 6 will conduct a discussion
on research gaps, and Part 7 will focus on future directions. and Part 8 will present the
Conclusion.

This paper presents a comprehensive, theory-driven review of the literature dedicated to
learning motivation, aiming to lay a rigorous conceptual and empirical groundwork for the
critical scrutiny of existing learning motivation research frameworks in the context of SDGA4.
This review goes far beyond mere descriptive summarization; instead, it undertakes incisive
critical synthesis, integrates disparate theoretical standpoints, and pinpoint gaps that remain
unresolved in current scholarship. These efforts collectively serve to substantiate the necessity
and academic merit of this critical review.

2. Review Method and Scope

The literature review is based on core academic databases in the fields of educational
technology, educational psychology, and higher education, including Web of Science, Scopus,
ERIC, and ProQuest. The time scope is focused on post-2020 literature, with priority given to
empirical studies, meta-analyses, and systematic reviews published between 2020 and 2025,
ensuring alignment with the latest theoretical refinements and technological applications in Al-
mediated learning.

Core keywords for literature retrieval include: learning motivation, Self-Determination Theory
(SDT), Expectancy—Value Theory (EVT), Achievement Goal Theory, Al-mediated
collaborative learning, higher education, Advanced Mathematics education, engineering
education, academic performance, self-confidence, autonomy, perceived competence,
motivational regulation.
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The inclusion criteria for references are as follows:
i. Focus on higher education contexts, particularly in cognitively demanding domains such
as Advanced Mathematics and engineering;
ii. Centered on learning motivation as a core construct, involving theoretical applications or
empirical investigations of mainstream motivation frameworks;
iii. Incorporate Al-mediated support, collaborative learning, or technology-enhanced
instructional designs;
iv. Explicitly address motivation as a mediating variable linking instructional interventions to
learning outcomes;
v. Published as peer-reviewed empirical studies, meta-analyses, or systematic reviews to
ensure methodological rigor.

3. Theoretical Foundations

Learning motivation is commonly conceptualised as the set of internal processes that initiate,
direct, and sustain learning behaviour (Valenzuela et al.,2020). Among contemporary
theoretical frameworks, Self-Determination Theory (SDT) (Deci et al.,1985) has emerged as
the most influential in explaining motivation in educational contexts (Manzano-Sanchez et
al.,2021). SDT distinguishes between autonomous motivation (intrinsic motivation and
identified regulation) and controlled motivation (external and introjected regulation), arguing
that learning outcomes are strongest when learners experience autonomy, competence, and
relatedness (Gavarkovs et al.,2022).

Recent meta-analytic evidence strongly supports this distinction. In a large-scale meta-analysis,
demonstrated that autonomous motivation is positively associated with persistence,
engagement, and academic achievement across educational contexts, whereas controlled
motivation shows weaker and more inconsistent relationships with performance (Howard et
al., 2021). This finding underscores the importance of examining not only the level of
motivation but also its quality when modelling learning processes.

In higher education, motivation is increasingly viewed as context-sensitive and malleable,
shaped by instructional practices, feedback, and social interaction rather than fixed learner
traits. This perspective provides a theoretical foundation for treating motivation as a mediator
influenced by collaborative learning structures and Al-mediated support.

3.1 Self-Determination Theory (SDT)

Among the most influential frameworks in motivation research is Self-Determination Theory
(SDT), which distinguishes between different types of motivation based on the degree of self-
regulation and autonomy. SDT posits that motivation ranges from amotivation, through various
forms of extrinsic motivation, to intrinsic motivation, with more autonomous forms associated
with deeper engagement and better learning outcomes.

A central tenet of SDT is that motivation is supported when three basic psychological needs
are satisfied: autonomy, competence, and relatedness. Extensive empirical evidence
demonstrates that learning environments that support these needs foster more adaptive
motivational patterns and improved academic performance. A comprehensive theoretical
synthesis by (Ryan & Deci, 2020) clarifies how need-supportive contexts enhance learners’
intrinsic motivation and internalisation of extrinsic goals.
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In higher education contexts, SDT has been widely applied to examine how instructional
practices influence student motivation. Recent empirical studies indicate that autonomy-
supportive teaching, meaningful feedback, and collaborative learning opportunities are
positively associated with intrinsic motivation and engagement. These findings are particularly
relevant for Al-mediated collaborative learning, where technological systems may influence
students’ perceptions of autonomy and competence through adaptive prompts and feedback.

3.2 Expectancy—Value Theory

Another prominent framework in motivation research is Expectancy—Value Theory
(EVT)(Atkinson,1957) which explains motivation as a function of learners’ expectations of
success and the value they attach to learning tasks. EVT posits that students are more inclined
to participate in learning activities when they possess a belief in their potential for success
(expectancy) and when they regard the task as beneficial, engaging, or significant (value).

Recent theoretical refinements of EVT emphasise the role of instructional context in shaping
expectancy and value beliefs. (Eccles & Wigfield, 2020) provide an updated synthesis of EVT,
highlighting how classroom practices, feedback, and peer interaction influence students’
motivational beliefs over time.

In Advanced Mathematics education, expectancy—value beliefs are particularly salient.
Students often perceive mathematics as difficult and high-stakes, which can undermine
expectancy beliefs even among capable learners. Collaborative learning and adaptive support
mechanisms may help mitigate these effects by providing peer support and formative feedback,
thereby enhancing both expectancy and task value.

3.3 Achievement Goal Theory

Achievement Goal Theory (Nicholls,1979) offers a complementary perspective by focusing on
the goals learners pursue in achievement contexts. Contemporary formulations distinguish
primarily between mastery goals, which emphasise learning and understanding, and
performance goals, which focus on demonstrating competence relative to others. Research
consistently shows that mastery-oriented goals are associated with deeper learning strategies,
persistence, and adaptive responses to challenge.

Recent meta-analytic work synthesising post-secondary research indicates that mastery goals
positively predict engagement and conceptual learning, whereas performance-avoidance goals
are associated with anxiety and disengagement (Pepin et al., 2021). These findings are
particularly relevant in collaborative learning contexts, where social comparison may activate
performance concerns.

4. Thematic Synthesis of Empirical Studies

Theme 1: Motivation in Mathematics and Engineering Education

A substantial body of post-2020 research demonstrates that technology-enhanced learning
environments influence motivation primarily through changes in perceived autonomy,
competence, and feedback quality. A recent systematic review by Dong et al. (2024)
synthesized evidence on factors influencing college students’ self-regulated learning in online
learning environments. The factors affecting self-regulated learning in online learning
environment are divided into seven aspects, namely cognitive quality, motivational quality,
autonomy support, goal structures and social expectations, feedback and considerations of
achievement, perceived control and perceived value.(Dong et al., 2024)Meta-analytic reviews
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show that technology does not exert uniform motivational effects; instead, its impact depends
on how technological features align with learners’ psychological needs (Finkelstein, 2025).

In Al-mediated learning environments, adaptive feedback and personalisation are repeatedly
identified as mechanisms that support motivation. Xu et al. (2025) provided large-scale
empirical evidence that Al-driven personalised feedback enhances learners’ engagement and
achievement goals by strengthening perceived competence and supporting self-regulated
learning. Although framed within a motivational lens, their findings demonstrate that Al
influences learning outcomes indirectly via motivational processes. Wang and Zhu (2024)
determined that the majority of favourable learning outcomes resulting from Al interventions
are attributed to alterations in learner motivation and engagement, rather than direct cognitive
impacts. However, existing empirical studies mostly focus on short-term collaborative
scenarios in single-discipline, homogeneous learning groups, such as group discussion-style
learning in basic humanities subjects. They do not consider the differentiated needs of group
motivation regulation in different disciplines (such as science and engineering versus
humanities) and different collaborative modes (such as project-based collaboration versus
problem-solving collaboration), nor do they explore the adaptability of Al support strategies in
learning groups of different ages and ability levels, resulting in insufficient cross-scenario
transferability of research conclusions.

Theme 2: Motivation in Collaborative Learning Environments

A large-scale empirical study showed that students engaged in collaborative learning reported
higher intrinsic motivation and engagement than those in individual learning conditions,
particularly when collaboration was structured to support autonomy and competence (Yue et
al., 2024).This empirical finding aligns closely with existing research based on Self-
Determination Theory (SDT), and related studies have further enriched the support dimensions
of collaborative learning. Recent research grounded in SDT demonstrates that collaborative
learning environments that support autonomy , competence, and relatedness tend to foster
higher levels of intrinsic motivation (Radkowitsch et al., 2020).Their findings indicate that
collaboration itself is not inherently motivating; rather, its motivational impact depends on how
interaction is organised and supported.However, these studies did not explore in depth the
potential impact of different environmental conditions on the experimental results, which may
limit the generalizability of the conclusions.

Theme 3: Motivation in Al-Mediated Collaborative Learning

Motivation is a core psychological variable linking technology design and learning outcomes
in Al-mediated educational research (Chichekian & Benteux, 2022; Li, 2025). Existing
research has explored the mechanisms of motivational influence, practical effects, and existing
problems in Al-mediated scenarios from multiple dimensions, often using classic motivational
theories such as self-determination theory and expectancy-value theory to construct analytical
frameworks (Ragland et al.,2023; Dahalan et al.,2023; Xu and Hong ,2025). This paper reviews
existing research from the perspectives of autonomy support, expectancy beliefs, motivational
regulation, affective risk, and the mediating mechanisms of motivation, and clarifies the entry
point of this study based on existing research limitations.

Artificial Intelligence-Mediated and Autonomous Support

Autonomy is a core component of motivation and a core dimension of self-determination
theory (Choudhry and Bokharey,2013; Nicholson et al.,2022; Ntumi et al.,2025)). An
autonomously supportive learning environment enables learners to develop a sense of will and
agency in their learning activities. The effect of Al-mediated learning environments on
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learners' autonomy is dual; whether it ultimately enhances or weakens autonomy depends on
the system's adaptive design and the way control is configured.

Existing empirical studies on Al systems supporting learners' autonomy and intrinsic
motivation generally lack sufficient consideration of the complexity of application scenarios,
leading to significant controversy regarding the universality and credibility of their
conclusions. While Li et al. proposed that In a large-scale experimental demonstrated that
adaptive support mechanisms increased learner persistence and engagement by allowing
learners to regulate pacing and task selection (Li et al., 2025).

However, this study neglected the inherent tension between "individual choice” and "group
collaboration™ in collaborative learning, simply presupposing that adaptive mediation
mechanisms can be directly transferred to collaborative scenarios without considering unique
variables in collaborative learning such as group decision-making and task division. This
results in significant deficiencies in the cross-scenario applicability of their research
conclusions. More importantly, existing research defines the "degree of Al control” vaguely
and one-sidedly, using only "whether or not learning pace adjustment and task selection
permissions are provided" as the criterion, without conducting in-depth analysis of the essential
attributes of Al intervention. Systematic reviews report that learners may experience Al-
generated prompts or interventions as controlling when they are overly directive or poorly
aligned with learners’ goals, leading to reduced intrinsic motivation (S. Lee & Eronen, 2025;
U. Lee et al., 2025).

Such research remains at the level of phenomenological description. It fails to clarify the
quantitative boundaries of "over-control” or explore the differentiated perceptions of Al control
among different types of learners (e.g., autonomy-oriented vs. dependency-oriented).
Ultimately, this renders the design recommendation of "supporting autonomy rather than
replacing decision-making" a vague principle lacking practical guidance. Essentially, existing
research still avoids the core contradiction: how should Al balance the needs of individual
autonomy and group collaboration in the social context of collaborative learning? The
fragmented and superficial nature of relevant empirical evidence also makes it difficult to
support effective designs for enhancing motivation in Al-assisted collaborative learning.

Expectancy Beliefs in Al-Mediated Learning

Expectancy value theory provides a complementary analytical perspective for understanding
the motivational mechanisms in Al-mediated learning environments (zhang et al.,2023).
Expectancy beliefs refer to learners' expectations of learning success, and this variable
effectively predicts learners' effort and persistence. Al-mediated systems can directly or
indirectly influence learners' expectancy beliefs by providing predictive analytics, formative
feedback, and adaptive task ranking.

Existing empirical research has confirmed the positive shaping effect of Al on expectancy
beliefs: when Al systems visualize learners' learning progress and match the difficulty of
learning tasks with learners' abilities, learners' expectancy beliefs are significantly enhanced;
Technology-enhanced collaborative learning environments increased students’ expectancy
beliefs and achievement indirectly through motivational pathways (Kohler, 2024); Al can also
boost students' perceived worthiness and expectations of success through personalized content
delivery methods, which adapt to individual performance histories and expertise levels (Rizvi,
2023). However, Al-generated predictions and analyses may also produce unintended
motivational consequences. When learners perceive such feedback as deterministic or over-
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evaluative, it can significantly reduce the expectancy beliefs of low-performing learners. This
risk also highlights a core principle of Al feedback design: feedback should be positioned at
the formative and developmental level, rather than at the summative and evaluative level.

Artificial intelligence-mediated and motivational regulation

Motivation regulation is a crucial process for maintaining learners' sustained engagement in
learning (Jarvenoja et al.,2025) It refers to learners' ability to monitor and manage their own
motivational state, including regulating learning effort, interest, and persistence. In
collaborative learning, motivation regulation often exhibits group-level characteristics,
primarily manifested in mutual encouragement among peers, shared motivation, and the
coordinated maintenance of collective learning effort.Al-mediated learning environments can
support motivational regulation by monitoring engagement patterns and providing prompts that
encourage reflection, goal adjustment, or re-engagement. Empirical studies in CSCL contexts
demonstrate that groups receiving adaptive, process-oriented support are more likely to
maintain motivation over time (Saqr et al., 2023).Systematic reviews further indicate that Al
systems capable of supporting regulation—rather than merely delivering content—are more
effective in sustaining motivation in complex learning environments (Salleh et al., 2025). This
finding also aligns closely with sociocultural theories that view motivation regulation as a
socially distributed, technology-mediated process.

However, existing research on Al-mediated motivation regulation has significant limitations.
It hasn't fully addressed the specificities and complexities of motivation regulation in
collaborative learning, and the practical applicability and depth of conclusions need testing.
Firstly, it mainly focuses on Al technology functions like monitoring and prompting,
neglecting Al's potential interference with natural motivation regulation and peer interaction.
Excessive Al prompts may crowd out peer autonomy and weaken self - regulation willingness.
Also, the timing and intensity boundaries for Al - supported regulation are undefined.
Secondly, research on the effectiveness of Al - mediated regulation is simplistic, using basic
metrics and failing to analyze Al's role in cultivating regulation abilities or promoting self -
regulation, falling into the "emphasizing short - term effects while neglecting ability
development" pitfall. Thirdly, though Salleh et al.'s (2025) review integrated multiple studies,
empirical research has small sample sizes and simple designs. There's a lack of large - sample,
multi - round quasi - experimental studies and cost - benefit analysis, making it hard to
implement recommendations in teaching. Overall, existing research has only preliminarily
confirmed Al's potential in collaborative learning motivation regulation, but hasn't resolved
core contradictions and remains at a superficial exploratory stage.

Mediating mechanisms of motivation in Al-mediated learning

Existing empirical research concludes that Al - mediated learning environments influence
learning outcomes mainly through motivation. Instructional designs leveraging Al for
motivational stimulation boost learners' engagement and performance more than those focusing
on tech automation. The "Al - mediated - motivational stimulation - learning outcome" logic
is supported by quantitative research. Lo et al. (2022) verified that learning experience affects
academic achievement via motivation and engagement. However, current research on the
motivational mediation mechanism in Al - mediated learning is superficial, lacking in - depth
exploration of collaborative learning's social nature. There are limitations in deconstructing
mediation mechanisms, scenario adaptability, and research design completeness, reducing the
theory's explanatory power and practical value, leaving gaps for future research.
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Current research on motivational mediation mechanisms in Al-mediated collaborative learning
has four key limitations: it only conducts holistic analysis without exploring the mediation path
characteristics of motivational sub-dimensions and refined theoretical support for Al's priority
motivational dimensions; it focuses on individual learning scenarios, failing to investigate the
multi-level mediation logic of "individual motivation-group motivation-collective learning
outcome™ and the secondary mediation of group motivation as well as relevant moderating
effects; it inadequately considers the boundary conditions of the motivational mediation chain,
with no clear definition of moderating variables like technology, scenario and group and no
basis for personalized adjustment; it lacks disciplinary adaptability, as existing conclusions are
hard to transfer to specialized and challenging disciplines such as STEM, without exploring
the impact of disciplinary characteristics on motivational mediation mechanisms and providing
practical guidance.

In general, existing research merely verifies that motivation is a key mediating variable in Al-
mediated learning, but does not conduct in-depth research by integrating the social nature of
collaborative learning, disciplinary characteristics and learners' group differences.

Existing literature confirms that Al-mediated learning environments shape students' autonomy,
competence beliefs, aspirational beliefs and motivational regulation abilities to affect their
motivational processes, and supportive Al intermediaries can effectively boost learning
motivation and sustain learners' engagement in challenging learning. However, Al-mediated
motivational gains are not guaranteed: poorly designed Al mechanisms may weaken learners'
autonomy and aspirational beliefs, and even trigger anxiety and other emotional risks. This
highlights the significance of theory-driven Al design and empirical research on motivational
mechanisms in AIED research. Notably, there is a prominent research gap: no studies have
clearly explored the mediating role of learning motivation in Al-mediated collaborative
learning for advanced mathematics, a highly specialized and challenging subject.

5. Methodological Trends and Limitations

Contemporary research on learning motivation in Al-mediated collaborative learning is
empirically oriented (Saqgr et al.,2020), centering on mediation effect verification with
mainstream frameworks of cross-sectional and quasi-experimental studies, while meta-
analyses and systematic reviews serve as core evidence-synthesizing tools; it also increasingly
integrates Al technological contexts with classic motivation theories to form theory-driven
research paradigms. Yet this research has three key limitations: over-reliance on cross-sectional
designs fails to track the dynamic changes of motivation in long-term learning and establish
causal relationships between variables, significant heterogeneity in intervention design leads
to inconsistent findings and hinders cross-study comparison, and the neglect of boundary
conditions of motivation’s mediating role limits the generalizability of conclusions.

Such research samples higher education students, focusing on cognitively demanding
disciplines like Advanced Mathematics and high-stakes contexts. Its measurement tools align
with classic motivation theories, mostly using mature scales based on SDT, EVT and
Achievement Goal Theory, and some complement data with objective indicators. However,
there are flaws: convenience sampling leads to poor sample representativeness and limited
external validity, traditional scales face adaptability challenges in Al-mediated scenarios and
may distort constructs, and single-dimensional indicators oversimplify measurement, resulting
in incomplete assessment.
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Quantitative methods dominate, with SEM as the main tool for testing mediation effects, meta-
analyses used to synthesize evidence, and some experimental designs with control groups.
Nevertheless, these methods have deficiencies: SEM is sensitive to sample size and model
specification, and over-optimization may inflate the mediating effect; meta-analyses fail to
deeply analyze heterogeneity sources, leading to superficial conclusions; most studies focus on
individual-level analysis and ignore group-level mechanisms; current methods focus on
correlational and mediational analysis but lack causal analysis techniques.

6. Research Gaps

Research gaps in Al-mediated collaborative learning motivation research lie in three core
aspects: Theoretical, Empirical and Methodological Gaps, with four clear directions proposed
for future research.

Theoretical Gaps

Classic motivation theories (SDT, EVT, Achievement Goal Theory) are mostly applied in
isolation, with no in-depth exploration of the interaction between different motivational
constructs. Al-specific variables (algorithmic transparency, adaptive logic, etc.) are excluded
from theoretical models, lacking theoretical explanations for how Al reshapes learners’
psychological needs. Mainstream theories are rooted in individual psychology, with no
theoretical constructs to describe and explain Al-mediated group motivational processes,
leading to a disconnect with the social nature of collaborative learning.

Empirical Gaps

Diverse Al interventions are conflated as "Al support™ without comparative analysis of their
differentiated impacts on specific motivational dimensions, and there is no consistent evidence
for the optimal Al functions in cognitively demanding domains such as Advanced
Mathematics. Most studies adopt cross-sectional designs with homogeneous samples, lacking
longitudinal tracking of motivational evolution and empirical data across different educational
stages, cultural backgrounds and prior knowledge levels. Research focuses on Al’s positive
motivational effects while ignoring negative outcomes (algorithmic anxiety, etc.) and relevant
mitigation strategies, and the bidirectional reciprocal relationship between motivation and
affective constructs remains untested.

Methodological Gaps

Traditional motivation scales are not tailored to Al-mediated collaborative learning scenarios,
easily causing mismeasurement of core motivational constructs. Research over relies on
quantitative methods (SEM, meta-analysis), with scarce application of mixed-methods
integrating qualitative approaches. Individual-level analysis dominates, with underdeveloped
group-level analytical techniques for social shared motivational processes. Rigorous causal
inference techniques are lacking, and confounding factors cannot be ruled out, limiting the
validity of conclusions on Al’s causal impact on motivation.

7. Future Research Directions
Theoretical advancement: Integrate classic motivation theories with Al-specific attributes to

build a unified theoretical framework, and construct group-level motivational theories to
explain socially shared regulation processes in Al-supported collaboration.
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Empirical expansion: Conduct 6-12-month longitudinal studies to track motivational changes
in Advanced Mathematics learning, use heterogeneous samples to test the generalizability of
motivational mechanisms, and compare the effects of distinct Al functions to identify context-
specific optimal interventions.

Methodological innovation: Develop and validate Al-adapted motivation scales, promote
mixed-methods research combining quantitative and qualitative approaches, introduce group-
level analytical tools, and adopt rigorous causal inference designs to confirm Al interventions’
causal effects on motivation.

Practical and ethical research: Explore and test the effectiveness of strategies for mitigating
negative motivational outcomes in real classrooms, and design Al interventions tailored to
diverse learners’ motivational needs to advance educational equity.

8. Conclusion

Future research in Al - mediated collaborative learning motivation has multiple gaps in
theoretical, empirical, and methodological aspects. Theoretical gaps include isolated
application of classic theories and lack of Al - specific and group - level theories. Empirical
gaps involve non - comparative analysis of Al interventions and limited longitudinal studies.
Methodological gaps consist of inappropriate scales and over - reliance on quantitative methods.
Future directions cover theoretical integration, empirical expansion, methodological
innovation, and practical and ethical research.
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