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1. INTRODUCTION

Social emotional learning (SEL) has gained increasing prominence as education systems respond to
rapid digital transformation and the expanding integration of artificial intelligence (AI) in teaching and
learning. Al technologies are reshaping how knowledge is delivered, monitored, and assessed [1], [2].
Traditionally, SEL has focused on developing emotional regulation, empathy, collaboration, and responsible
decision-making through human interaction. However, these competencies are now cultivated in digitally

Journal homepage: http://ijere.iaescore.com


https://creativecommons.org/licenses/by-sa/4.0/

4002 O3 ISSN: 2252-8822

mediated, algorithmically structured environments. As Al becomes embedded in everyday classroom
practice, education is evolving into a sociotechnical ecosystem where both cognitive growth and emotional
engagement are influenced by data-driven systems [3], [4]. Therefore, SEL must be reconceptualized not
only as an interpersonal framework but also as a construct shaped by digital infrastructures that influence
learners’ affective and social experiences [5].

Exploring SEL in the Al era is essential because it offers a means to humanize increasingly
automated educational processes. Al-powered systems can deliver personalized feedback, predictive insights,
and adaptive learning pathways that enhance motivation, engagement, and self-regulation [6], [7]. Advances
in affective computing further enable educational technologies to recognize learners’ emotional states and
dynamically adapt instructional responses, thereby strengthening emotional engagement, persistence, and
personalized learning experiences [8], [9]. Research in Al-supported online and language learning contexts
shows that emotionally responsive environments can improve learners’ confidence, interaction quality, and
sustained engagement [10], [11]. These developments position SEL as a central component of future-oriented
education that aligns technological innovation with holistic human development.

Despite these benefits, integrating SEL within Al-driven systems introduces significant conceptual,
pedagogical, and ethical concerns. The increasing datafication of emotional behaviors raises significant
concerns about privacy, surveillance, and algorithmic bias in Al-mediated educational environments [12].
Converting emotional competencies into measurable analytics may oversimplify complex psychological and
socio-emotional processes that resist reduction into algorithmic indicators [13]. Furthermore, many Al
applications continue to lack longitudinal validation and teacher-centered implementation strategies, creating
persistent gaps between technological innovation and sustainable classroom practice [14].

Considering these intersecting strengths and risks, a comprehensive analytical framework is
necessary. Despite the growing body of literature on Al in education and SEL, current studies remain
fragmented across conceptual, empirical, and technological domains. Existing research often focuses either
on theoretical critiques of datafication or on isolated technological applications, with limited integration
between these perspectives [12]. Moreover, there is a lack of comprehensive synthesis that combines
quantitative mapping of influential scholarship with strategic evaluation of its practical and ethical
implications [15]. This gap limits a holistic understanding of how Al-driven SEL is evolving and how it can
be responsibly implemented in educational systems. Addressing this gap is crucial, as education stakeholders
increasingly adopt Al technologies without clear alignment to pedagogical, ethical, and socio-emotional
considerations.

Hence, this study offers significant contributions to multiple stakeholders within the educational
ecosystem. For educators, the findings provide insights into how Al can be meaningfully integrated into SEL
to enhance student engagement, emotional regulation, and personalized learning experiences without
compromising human interaction. For policymakers, the study highlights critical ethical concerns, including
data privacy, emotional surveillance, and algorithmic bias, thereby informing the development of regulatory
frameworks for the responsible implementation of Al in education. For researchers, this study advances
methodological innovation by combining bibliometric analysis with strengths, weaknesses, opportunities,
threats (SWOT) evaluation, offering a replicable approach for synthesizing both quantitative trends and
qualitative strategic insights. Collectively, the study supports the development of ethically grounded,
pedagogically aligned, and future-ready Al-supported SEL frameworks.

This study contributes to the field by integrating bibliometric performance analysis with a strategic
SWOT framework to provide a comprehensive, evidence-informed, and policy-relevant understanding of
Al-driven SEL research. Through this combined analytical approach, the study seeks to systematically
examine how SEL has evolved within the Al technology era by identifying the most influential publications
shaping the field based on citation performance, while also critically evaluating the strengths, weaknesses,
opportunities, and threats that characterize current SEL research within Al-supported educational contexts.

2. METHOD

This study employs a combined methodological design that integrates bibliometric performance
analysis with a SWOT framework to examine influential scholarship on SEL in the Al technology era.
Bibliometric analysis is widely regarded as a systematic and transparent approach for mapping knowledge
structures, identifying research trends, and assessing scholarly impact across interdisciplinary domains
[15], [16]. In rapidly developing areas such as Al in education (AIED), bibliometric techniques are
particularly valuable for detecting influential publications, thematic concentrations, and key intellectual shifts
[17], [18]. Large-scale reviews of Al in education further highlight citation-based performance mapping as an
essential step for understanding research development, dominant narratives, and emerging [16], [19].
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Using citation impact as the primary selection criterion, this study identifies the 10 most-cited
articles that represent foundational, highly influential contributions at the intersection of SEL and Al. The
analysis focuses on documents rather than authors or journals, consistent with contemporary bibliometric
practices that prioritize conceptual influence and knowledge diffusion over productivity indicators [20], [21].
This ensures that field-defining works are selected based on their demonstrated theoretical and scholarly
resonance within Al-mediated education research [22].

Following document selection, a qualitative SWOT framework is applied to systematically evaluate
each article. SWOT analysis has increasingly been adopted in higher education and educational technology
research as a strategic tool for examining innovation, governance, and digital transformation processes [23],
[24]. Within Al-related scholarship, such approaches are particularly valuable for assessing ethical risks,
policy implications, and long-term sustainability in technology-mediated learning environments [25]. Given
the sensitivity of emotional data and algorithmic decision-making in SEL contexts, this dual-method
approach enables both quantitative mapping and critical evaluation, offering a comprehensive and
strategically grounded analysis of the field.

The selection of the top 10 most-cited documents was based on citation counts within the Scopus
database, ensuring representation of influential and widely recognized contributions in the field. For the
SWOT analysis, each selected article was systematically reviewed and coded according to recurring themes
related to strengths, weaknesses, opportunities, and threats. The coding process involved iterative reading and
thematic categorization to ensure consistency across studies. To enhance reliability, cross-validation was
conducted among the authors to refine category definitions and ensure alignment in interpretation.

2.1. Search strategy

The study applied predefined inclusion criteria, as shown in Table 1, to ensure systematic and
transparent article selection. The Scopus database was chosen due to its broad coverage of peer-reviewed
educational and interdisciplinary research [16], [20]. Searches were conducted within the TITLE-ABS-KEY
fields to capture studies explicitly addressing SEL and Al or technology-related contexts. The time frame was
limited to publications from 2016 to 2025 to reflect contemporary developments in Al-driven education.
Only journal articles written in English were included to maintain scholarly quality and comparability. The
search string combined variations of SEL with Al and technology keywords, ensuring relevance and
consistency across retrieved records.

The PRISMA flowchart, as shown in Figure 1, illustrates a systematic, transparent process for
selecting articles. Initially, 761 records were identified through the Scopus database. After applying the
publication year criterion (2016-2025), 232 records were removed. Screening by document type excluded
260 non-research articles, leaving 269 studies for eligibility assessment. Full-text evaluation further excluded
27 articles due to language limitations and scope misalignment. The final dataset comprised 242 studies,
ensuring methodological rigor and relevance to the research objectives. This structured filtering process
minimized bias while maintaining consistency between the search strategy and analytical framework,
strengthening the reliability of subsequent bibliometric and SWOT analyses.

Table 1. Inclusion criteria for bibliometric analysis

Scopus database ALL
Time period 2016 to 2025
Search field TITLE-ABS-KEY
Search keywords ~ “socio-emotional OR social emotional OR SEL” AND *“artificial intelligence OR AI OR technology”
Document types Article
Language English

2.2. Procedures

The study followed a systematic multi-phase procedure to ensure transparency and replicability.
First, relevant articles were retrieved from the Scopus database using predefined search strings applied to the
TITLE-ABS-KEY fields. The search was limited to English-language journal articles published between
2016 and 2025. Second, the retrieved records were screened using PRISMA procedures, including duplicate
removal, filtering by document type, and full-text eligibility assessment, to ensure alignment with the study's
focus on SEL in Al-related contexts. Third, citation analysis was conducted to identify the 10 most influential
documents based on total citations. This criterion was adopted to ensure that selected articles represent high-
impact and field-defining contributions. Fourth, qualitative coding was conducted using the SWOT
framework. Each article was systematically analyzed to identify recurring themes related to strengths,
weaknesses, opportunities, and threats. Coding was performed iteratively, allowing categories to emerge and
stabilize through repeated comparison across studies.
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To enhance reliability, cross-validation was conducted among the research team. Discrepancies in
coding were discussed and resolved through consensus, ensuring consistency and interpretive alignment. This
structured procedure strengthens the methodological rigor and transparency of the study.
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Figure 1. PRISMA flowchart
RESULTS AND DISCUSSION

3.1. Performance analysis
The bibliometric analysis identified 10 highly cited documents as shown in Table 2 that collectively
shape scholarly discourse on SEL in technology-mediated environments. The selection of the top ten articles
was based on absolute citation counts within the Scopus database at the time of data extraction, ensuring that
only highly influential and widely recognized studies were included. Citation counts range from 64 to 130,
indicating sustained academic influence across interdisciplinary domains. The most cited study,
Williamson [26], critically examines persuasive educational technologies and highlights how digital
platforms operationalize SEL through behavioral governance. Subsequent works by Williamson and
Piattoeva [27] and Williamson [28] further extend this discussion by analyzing datafication, standardization,
and psychometric infrastructures underlying SEL measurement.

Table 2. Top 10 most cited documents

No. Author(s) Title No. of citations
1. Williamson [26] Decoding ClassDojo: psycho-policy, social-emotional learning and persuasive 130
educational technologies
2. Williamson and Objectivity as standardization in data-scientific education policy, technology and 87
Piattoeva [27] governance
3. Williamson [28] Psychodata: disassembling the psychological, economic, and statistical 82
infrastructure of ‘social-emotional learning’
4. Elmi[29] Integrating social emotional learning strategies in higher education 75
5. Allenetal [30] From quality to outcomes: a national study of afterschool STEM programming 73
6. Sethi and Jain [10] Al technologies for social emotional learning: recent research and future 68
directions
7. Zongand Yang [11] How Al-enhanced social-emotional learning framework transforms EFL 64
students' engagement and emotional well-being
8. Guettala et al. [31] Generative artificial intelligence in education: advancing adaptive and 59
personalized learning
9.  Garner et al. [32] Innovations in science education: infusing social emotional principles into early 54
STEM learning
10.  Walker and Social and emotional learning in the age of virtual play: technology, empathy, 52

Weidenbenner [33]

and learning
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Empirical and pedagogical contributions are represented by Elmi [29] and Allen et al. [30], which
demonstrate the effectiveness of SEL integration in higher education and STEM learning contexts. Recent
publications increasingly emphasize the applications of Al, particularly Sethi and Jain [10] and Zong and
Yang [11], reflecting a shift toward Al-enhanced emotional learning and learner engagement. Interestingly,
several highly cited studies originate in broader technological or engineering domains, indicating that
interdisciplinary citation diffusion extends beyond education research.

The findings reveal three dominant research orientations: critical policy analysis, pedagogical
implementation of SEL, and emerging Al-driven innovation. This distribution suggests that while
foundational theoretical critiques remain influential, contemporary research trends are moving toward applied
Al-supported SEL frameworks and technologically responsive learning environments.

The overlay visualization in Figure 2 reveals the temporal development of research themes related to
SEL in technology-mediated education. Earlier publications concentrated on digital learning environments
and foundational SEL integration, reflecting initial explorations of technology-supported emotional
development [33]. More recent studies, indicated by warmer color gradients, increasingly emphasize Al,
adaptive systems, and data-driven personalization in learning contexts [10], [11].

This shift demonstrates a growing scholarly transition from general educational technology toward
Al-enabled emotional analytics and intelligent learning environments, signaling an emerging research focus
on technologically enhanced socio-emotional development. These findings indicate a clear shift in SEL
research from predominantly theoretical and policy-oriented discourse toward applied, technology-integrated
approaches. The growing presence of Al-focused research suggests the field is evolving toward practical
application, though theoretical critiques continue to shape its ethical and conceptual foundations.
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Figure 2. Overlay visualization (VOSviewer)

3.2. SWOT analysis

To provide a deeper interpretation beyond citation performance, a SWOT analysis was conducted to
critically evaluate the strengths, weaknesses, opportunities, and threats emerging from the most influential
studies on SEL in the Al technology era. This analytical approach enables systematic examination of both
internal research characteristics and external developments shaping the field. By synthesizing conceptual,
empirical, and technological perspectives identified in the selected literature, the SWOT Matrix as shown in
Table 3 highlights current contributions, existing limitations, future research potential, and ethical challenges.
The following subtopics present a thematic discussion derived from cross-study patterns observed across the
analyzed publications.
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Table 3. SWOT matrix

No. Article Strengths (S) Weaknesses (W) Opportunities (O) Threats (T)

1 [26] Deep theoretical critique of Conceptual; lacks Guides ethical AI-SEL Risk of surveillance
edtech governance; reveals empirical classroom design frameworks capitalism and behavioral
psychological influence of validation manipulation

platforms

2 [27] Strong policy-level insight Limited pedagogical Supports development of Over-standardization
into algorithmic governance application discussion responsible Al may reduce emotional

governance models individuality

3 [28] Reveals hidden statistical and Highly theoretical, Opens interdisciplinary Commodification of
economic systems behind complex for practitioners research between student emotions through

SEL analytics psychology, Al, and data extraction
education

4 [29] Practical pedagogical Not Al-focused; limited Foundation for Al- Implementation
strategies; adaptable across technological discussion supported SEL variability across

disciplines interventions institutions

5 [30] Large-scale empirical dataset; ~ Technology role indirect Evidence base for Al- Resource dependency for
strong outcome validation driven STEM-SEL scaling programs

environments

6 [10] Current overview of Al tools;  Limited empirical testing Framework for AI-SEL Ethical risks and

future research directions innovation and system algorithm bias
development

7 [11] Empirical evidence linking Al Context-specific (EFL); Expansion into language Overreliance on Al

with engagement and generalizability limited education and adaptive mediation may weaken
emotional well-being emotional learning human interaction

8 [31] Strong technological SEL implications implicit ~ Integration of emotional Data privacy and

explanation; personalization rather than central analytics into adaptive emotional profiling
potential learning concerns

9 [32] Early integration model Pre-Al era technological Basis for Al-supported Teacher readiness

connecting cognition and framing early childhood SEL challenges
emotion design
10 [33] Explores empathy and social Small-scale conceptual Development of Reduced real-world

interaction via technology

discussion

immersive AI/VR SEL
environments

social skill transfer

3.2.1. Strengths
a. Integration of SEL with emerging educational technologies
A major strength identified across the literature is the increasing integration of social-emotional

learning with digital and Al-enabled educational environments. Studies demonstrate that technology
platforms can support emotional awareness, engagement, and adaptive feedback mechanisms, thereby
enhancing learning outcomes. Al systems enable personalized emotional support by analyzing learner
interaction patterns and behavioral data, improving responsiveness compared to traditional instruction.
Empirical findings show improved engagement and emotional well-being when Al-enhanced frameworks are
applied, particularly in language learning and virtual environments [11], [33]. These developments position
Al as a scalable mechanism for embedding SEL into diverse educational contexts.
b. Strong theoretical and policy foundations for SEL development

The field benefits from robust theoretical grounding that examines psychological governance, data
infrastructures, and the policy implications of SEL technologies. Critical scholarship has clarified how digital
platforms operationalize emotional competencies through measurable indicators, providing conceptual clarity
for future research. Such analyses deepen understanding of how educational technologies shape learner
behavior and institutional decision-making [26], [28]. Policy-oriented discussions also highlight the growing
role of data science in education governance, offering structured frameworks for standardization and
accountability [27]. These theoretical contributions strengthen the legitimacy of SEL research within broader
educational transformation discourse.
c. Empirical evidence supporting SEL outcomes across disciplines

Several studies provide empirical validation linking SEL integration with positive academic and
developmental outcomes. Large-scale investigations in STEM and higher education contexts demonstrate
improved collaboration, persistence, and learner motivation when SEL principles are embedded into
instructional design [30], [29]. Early STEM education research further shows that emotional competencies
enhance cognitive learning processes and engagement in scientific inquiry [32]. This empirical support
establishes SEL not merely as a psychological construct but as a measurable contributor to educational
performance, strengthening arguments for Al-supported SEL implementation across disciplines.
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3.2.2. Weaknesses
a. Limited empirical validation of AI-Driven SEL systems

Despite rapid technological advancement, many AI-SEL studies remain conceptual or exploratory
rather than experimentally validated. Reviews of Al applications emphasize potential benefits but
acknowledge insufficient longitudinal or large-scale empirical testing [10]. Early critical works also focus
primarily on theoretical critique rather than classroom implementation [26]. As a result, evidence
demonstrating sustained emotional development outcomes remains limited. This methodological imbalance
creates uncertainty regarding real-world effectiveness and scalability, suggesting that the field is still
transitioning from conceptual innovation toward evidence-based pedagogical practice.
b. Fragmentation between technological innovation and pedagogical practice

Another weakness lies in the disconnect between technological development and classroom
pedagogy. Al research often prioritizes personalization algorithms and adaptive systems while overlooking
instructional integration and teacher roles [31]. Conversely, pedagogical SEL studies frequently lack
technological sophistication [29]. This separation results in parallel research trajectories rather than cohesive
interdisciplinary models. Without alignment between educators, psychologists, and Al developers,
implementation risks becoming technologically driven rather than pedagogically meaningful, limiting the
practical impact of Al-enabled SEL initiatives.
c. Overreliance on datafication and quantification of emotions

The increasing measurement of emotional competencies through digital analytics introduces
methodological and philosophical limitations. Scholars warn that transforming emotional development into
quantifiable indicators may oversimplify complex human experiences [28]. Standardized emotional metrics
risk privileging measurable behaviors over authentic emotional growth [27]. Such reductionism may
constrain culturally responsive interpretations of emotion and learning, raising concerns about whether Al
systems can adequately capture contextual and relational aspects central to SEL development.

3.2.3. Opportunities
a. Personalized and adaptive emotional learning through Al

Al technologies create opportunities for individualized SEL pathways through adaptive feedback,
predictive analytics, and generative learning environments. Personalized systems can adjust instructional
strategies based on emotional states and engagement patterns, thereby supporting differentiated learning
experiences [31]. Emerging frameworks demonstrate how Al-enhanced environments improve learner
engagement and emotional regulation, particularly in language education settings [11]. These innovations
suggest the potential emergence of emotionally intelligent learning ecosystems capable of supporting diverse
learner needs at scale.
b. Expansion of SEL into new learning modalities and contexts

Technological advances enable SEL implementation beyond traditional classrooms, including
virtual play, online collaboration, and hybrid learning environments. Digital platforms foster empathy,
communication, and social interaction across geographically distributed learners [33]. Al-supported
environments also allow integration of SEL into STEM, higher education, and lifelong learning contexts
[29], [30]. This expansion supports global accessibility and aligns SEL with future-ready competencies
required in digitally mediated societies.

3.2.4. Threats
a. Ethical risks and emotional surveillance

A critical threat emerging from the literature involves ethical concerns surrounding emotional data
collection and surveillance. Al systems capable of monitoring behavioral and affective indicators may
inadvertently enable psychological profiling or commercial exploitation of student data [26], [28]. The
commodification of emotional information raises questions about consent, autonomy, and student privacy.
Without ethical safeguards, SEL technologies risk reinforcing power imbalances between institutions,
technology providers, and learners.
b. Algorithmic bias and loss of human-centered learning

Al-driven SEL systems may reproduce biases embedded within training datasets or algorithmic
assumptions. Standardized emotional models may fail to represent cultural diversity or individual emotional
expression, potentially marginalizing learners [10]. Additionally, excessive reliance on automated emotional
feedback may reduce authentic teacher-student relationships, which remain central to socio-emotional
development [32]. This shift risks transforming SEL into a technologically mediated process rather than a
relational educational experience grounded in human interaction.
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3.3. Discussion

The integration of bibliometric performance analysis and SWOT evaluation offers meaningful
insights into the development of SEL research in the Al technology era. Document-level citation patterns
reveal that influential scholarship continues to be shaped by critical examinations of governance, policy, and
sociotechnical dimensions of Al in education [4]. Highly cited studies foreground concerns about
datafication, algorithmic governance, and digital surveillance, highlighting how Al systems increasingly
construct and regulate learners’ emotional and behavioral identities within digital learning ecosystems
[13], [34]. The prominence of such work suggests sustained academic attention to the ethical and political
implications of measuring and standardizing emotional competencies through data-driven infrastructures.

Concurrently, empirical research underscores the instructional benefits of integrating SEL within
Al-supported learning environments. Evidence indicates that adaptive systems and personalized feedback
mechanisms can strengthen engagement, motivation, and self-regulated learning processes [35], [36]. Studies
in higher education and STEM contexts further demonstrate that socially and emotionally responsive designs
enhance academic persistence and collaborative outcomes in digitally mediated settings [37]. These findings
reinforce the role of SEL as essential for sustaining learner well-being and meaningful participation in
Al-enhanced education.

The SWOT analysis portrays a field in transition, balancing technological promise with ethical
vigilance. Strengths include AI’s capacity for personalization and affect-sensitive feedback, supported by
advances in emotion-aware computing and adaptive learning analytics [8], [9], while opportunities are
evident in online and intelligent language learning contexts that promote interactive engagement [10], [11].
Nevertheless, weaknesses such as limited longitudinal evidence and gaps in teacher preparedness
persist [2], [3]. Ethical risks remain pressing concerns as Al integration expands within emotionally sensitive
educational domains [34]. Overall, SEL scholarship appears to be evolving toward the integration of applied
Al requiring careful alignment among innovation, ethics, and human-centered pedagogy.

The implications of these findings are significant for both research and practice. For researchers, the
study highlights the need for more longitudinal and empirically validated investigations into Al-supported
SEL to strengthen evidence-based implementation. For educators, the findings emphasize the importance of
integrating Al tools in ways that support, rather than replace, human interaction and emotional development
[20]. For policymakers, the study underscores the urgency of establishing ethical guidelines and governance
frameworks to regulate the use of emotional data in Al-driven learning environments. Moving forward,
future research should prioritize interdisciplinary collaboration, combining insights from education,
psychology, and Al to develop holistic and sustainable SEL models.

From a practical perspective, these findings suggest that integrating Al into SEL must prioritize
human-centered pedagogical design. Educators should adopt Al tools that support emotional engagement
without diminishing interpersonal interaction. Institutions are encouraged to invest in teacher training
programs that enhance digital and emotional pedagogical competencies. Furthermore, policymakers must
establish clear ethical guidelines governing the use of emotional data, ensuring transparency, data protection,
and equitable access. These actionable directions highlight the need for a balanced approach that integrates
technological innovation with educational integrity.

3.3.1. Theoretical implications

This study makes a theoretical contribution by integrating bibliometric performance analysis with a
SWOT framework to examine SEL within the evolving landscape of Al in education. By combining citation-
based mapping with strategic qualitative evaluation, the study responds to emerging methodological
perspectives that advocate integrative analytical approaches capable of capturing both intellectual influence
and thematic development across complex educational technology domains [38], [39]. Such hybrid
approaches enable researchers to move beyond descriptive trend identification toward a deeper interpretive
understanding of how knowledge structures evolve within rapidly advancing research fields.

The findings reposition Al not merely as a pedagogical support tool but as a broader socio-technical
system embedded within processes of digital governance, algorithmic decision-making, and platform-based
educational infrastructures [40], [41]. This perspective reflects a conceptual transition from traditional
human-centered SEL models toward data-informed emotional learning environments shaped by intelligent
tutoring systems, learning analytics, and emotion-aware computational designs [42], [43]. Within such
environments, emotional engagement becomes increasingly mediated through computational interpretation
and adaptive feedback mechanisms.

By identifying both strengths and threats, the study advances understanding of how Al-driven
personalization can enhance learner engagement, motivation, and self-regulated learning through responsive
instructional systems [44], [45]. At the same time, the analysis highlights growing concerns regarding
surveillance practices, algorithmic bias, and the datafication of emotional experiences within digitally mediated
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learning ecosystems [46]. Overall, the findings encourage the development of interdisciplinary frameworks
that integrate Al ethics, learning sciences, and socio-emotional development to ensure that technological
innovation remains aligned with human-centered educational values and sustainable pedagogical practice.

3.3.2. Practical implications

In practice, the findings offer actionable guidance for educators, policymakers, and technology
developers seeking to implement Al-supported SEL in responsible, pedagogically meaningful ways. Recent
studies indicate that Al-enabled adaptive learning environments can enhance learner engagement and support
personalized learning pathways when intentionally embedded within sound instructional design frameworks
[47], [48]. At the same time, research highlights that Al should augment rather than replace teacher-student
relationships, preserving the interpersonal and relational foundations essential for socio-emotional
development and meaningful learning experiences [49], [50]. In Al-supported language learning and online
education contexts, emotionally responsive digital systems have demonstrated potential to improve
participation, interaction quality, and learner collaboration through adaptive feedback and affect-aware
interaction design [51].

These developments provide institutions with opportunities to design adaptive learning
environments that foster emotional engagement alongside academic achievement. At the same time,
documented risks associated with datafication, surveillance, and algorithmic bias emphasize the importance
of strong ethical governance in Al-enabled education systems [40]. Policymakers should therefore establish
transparent regulatory and governance frameworks that safeguard the privacy of emotional data while
ensuring equitable and culturally responsive Al implementation. For practitioners, sustained professional
learning and capacity building remain essential to support effective [47], human-centered integration of Al
within SEL-oriented pedagogical practice.

At the policy level, governments and educational authorities should prioritize developing national
guidelines for ethical Al use in education, particularly regarding the governance of emotional data. Policies
should address issues of data ownership, consent, transparency, and algorithmic accountability. Additionally,
funding initiatives should support the development of culturally responsive Al systems that reflect diverse
learner profiles. These policy-level interventions are essential to ensure that Al-driven SEL contributes to
equitable and sustainable educational transformation.

4. CONCLUSION

This study examined the development of SEL in the Al era through a combined bibliometric
performance analysis and SWOT analysis. By analyzing the top ten most cited documents, the findings
reveal that SEL research has evolved from critical discussions of datafication and educational governance
toward emerging applications of Al to support emotional engagement and personalized learning. The SWOT
analysis further demonstrates that while AI offers significant strengths and opportunities, important
weaknesses and threats remain, including limited empirical validation, ethical concerns, and risks related to
the surveillance of emotional data.

The study highlights the need to balance technological innovation with human-centered pedagogy.
Al should function as an enabling tool that enhances socio-emotional development rather than replacing
authentic interpersonal learning experiences. The integration of ethical considerations and pedagogical
alignment is therefore essential for sustainable implementation. Despite it is contributions, this study has
several limitations. The analysis was restricted to the Scopus database and focused only on the top ten most-
cited documents, which may not fully represent the diversity of emerging research in the field. Additionally,
the qualitative nature of SWOT analysis may introduce interpretive bias despite efforts to ensure consistency.
Future studies are encouraged to expand dataset sources and incorporate mixed-method validation
approaches.

Importantly, the findings contribute to sustainable development goal 4 (quality education) by
emphasizing inclusive, equitable, and holistic learning environments that support both cognitive and
emotional development. Advancing SEL through responsible Al integration can help prepare learners with
the social competencies required for future societies. Future research should continue developing ethically
grounded, empirically validated Al-supported SEL frameworks that promote meaningful and sustainable
educational transformation.
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