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Abstract
High attrition rates in global Science, Technology, Engineering, and Mathematics (STEM) education highlight a
systemic limitation of traditional curricula that focus exclusively on technical cognition while providing insufficient
affective support. This study aimed to map the evolution of the conceptual architecture and evaluate the empirical
effectiveness of integrating Social-Emotional Learning (SEL) into STEM education. A sequential mixed-methods
design was employed. A bibliometric analysis was conducted on 1,132 documents retrieved from the Scopus
database, covering publications from 2017 to mid-2026, to identify global research trends and thematic structures. A
Systematic Literature Review (SLR), guided by the PRISMA protocol, identified 15 core empirical studies, which were
subsequently analyzed qualitatively using the Population, Intervention, Comparison, and Outcome (PICO) framework.
The bibliometric findings confirmed exponential growth in publications, indicating an urgent shift toward a holistic
science education paradigm. The SLR demonstrated that inclusive pedagogical interventions, such as culturally
responsive robotics and makerspaces, simultaneously enhanced technical literacy and the core competencies
defined by the Collaborative for Academic, Social, and Emotional Learning (CASEL). A critical evaluation revealed an
operational contradiction: SEL integration within formal school hours often failed to produce significant affective
outcomes because of systemic pressures to meet curriculum coverage targets, in contrast to the consistent
success of out-of-school programs. Psychological well-being emerged as a structural prerequisite for STEM
cognition. These findings underscore the need to develop more sensitive evaluation methodologies for formal
classroom settings and to conduct longitudinal research that validates the long-term impact of SEL on STEM career
retention at the professional level.

1. Introduction
Global knowledge development depends heavily on Science, Technology, Engineering, and Mathematics (STEM)
education as the primary driver of innovation and societal advancement (Blanco et al., 2025; Gutiérrez et al., 2024).
However, despite substantial structural investment, the global STEM education ecosystem is facing a critical
paradox (Man et al., 2026; Olaifa et al., 2026). Demographic reports indicate that attrition rates in STEM programs
remain alarmingly high, ranging from 30% to 32%, highlighting attrition as a persistent and major challenge in STEM
education (Liu & Kringos, 2025; Salzman et al., 2026). This systemic failure stems from inherent limitations in
traditional curriculum design, which prioritizes excessive cognitive demands while neglecting learners' affective
development and psychological well-being (Lee & Grapin, 2025; Mahiri, 2026).

These high failure rates do not indicate deficits in students' analytical intelligence; rather, they represent a direct
manifestation of a resilience crisis (Bonner et al., 2024; Zorwick et al., 2024), academic anxiety (Rozgonjuk et al.,
2024; Wadi et al., 2024), and social isolation within the classroom (Dost, 2024; Narla et al., 2025). In response to this
reality, integrating Social-Emotional Learning (SEL) into STEM education can no longer be regarded as an optional
peripheral intervention. Instead, integrating technical competencies with emotional intelligence has become an
urgent necessity to prevent the future loss of innovative talent (Hiwatig et al., 2024; E. K. Kim et al., 2024).

A critical review of previous research reveals a pronounced conceptual polarization regarding the integration of
Social-Emotional Learning (SEL) into STEM education. The conservative paradigm seeks to preserve the disciplinary
purity of STEM by excluding affective variables under the premise of maintaining the rigor and objectivity of science
(Halawa et al., 2024; Toma et al., 2024). However, the case for holistic education is gaining strong empirical support.
Large-scale quantitative evidence from Allen et al (2019) and experimental intervention studies conducted by
Puslednik & Brennan (2026) conclusively demonstrated that the integration of Social-Emotional Learning (SEL) acts
as a causal catalyst for improving academic achievement and career retention. Furthermore, several equity-oriented
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studies have positioned emotional well-being as a strategic mechanism for addressing systemic exclusion among
multilingual minority populations (Lee & Grapin, 2025) and neurodivergent populations (Taylor & Glavey, 2024). In
response to this debate, this study is firmly grounded in Social Constructivist Theory and is guided by the
competency framework established by CASEL (Belay & Dejene, 2024; Swisher & Doyle, 2024). The selection of this
framework deliberately rejects the pedagogical dualism that separates cognition from emotion. This study argues
that the effective acquisition of advanced computational knowledge is fundamentally unattainable without a strong
foundation of self-regulation and relational skills (Luo & Zhou, 2024; Ulrich & Bregulla, 2024).

From both geographical and temporal perspectives, research in this field has accelerated following the global health
crisis, as many countries have begun mandating curricula centered on student well-being (Chen et al., 2024; Ersozlu
& Barkatsas, 2024). However, this policy transition gives rise to a critical empirical contradiction in practice.
Although out-of-school programs consistently demonstrate high levels of success (Cipriano et al., 2024; Levine &
Viano, 2025), SEL interventions integrated into the formal school curriculum consistently fail to produce significant
improvements in students' affective well-being (Perry et al., 2025). This operational failure is further exacerbated by
the findings of Manchanda et al (2025) who documented how educators' intentions to provide sustained emotional
support are consistently undermined by systemic pressures and the rigidity of technical curriculum coverage
requirements.

This contradiction in practice exposes a clear research gap. The existing literature remains highly fragmented, with
most studies limited to small-scale, isolated qualitative observations (Gutierrez et al., 2025), or consists primarily of
conceptual advocacy without systematic evaluation. There is currently a critical lack of synthesis research capable
of integrating a macro-level mapping of the evolution of the field's global conceptual architecture with a micro-level
investigation of pedagogical failures in formal classroom settings (Alemdar, 2025; Cipriano et al., 2024; Pal et al.,
2026). Addressing this gap is a scientific imperative. Without a comprehensive structural mapping of the field,
educational institutions will continue to invest resources in SEL intervention designs that are theoretically sound but
practically incompatible with the realities of formal school ecosystems.

In response to this urgent need, this study aims to critically map the evolution of the global conceptual architecture
and evaluate the empirical effectiveness of integrating Social-Emotional Learning (SEL) into STEM education over
the 2017–2026 period. This overarching objective is addressed through three research questions.

1. How have publication trends and the global geographic epicenter of research on STEM education and Social-
Emotional Learning (SEL) evolved over time?;

2. Based on the conceptual structure mapping, what thematic foundations construct the bridge between analytical
competence and affective intelligence?;

3. How effective are Social-Emotional Learning (SEL) interventions in improving students' academic retention, and
what systemic barriers hinder their implementation within formal school ecosystems?

This study makes two primary contributions. Theoretically, it deconstructs the traditional paradigm of science
education by demonstrating that affective well-being is a structural prerequisite for effective STEM cognition.
Practically, it provides an evidence-based blueprint for developing equitable educational policies. The innovative
integration of macro-level bibliometric mapping with micro-level PICO framework extraction ensures robust data
triangulation and analytical rigor. The complete methodological framework is described in detail in the following
Methodology section.

2. Method
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2.1 Research Design
This study employed a sequential mixed-methods design that began with a bibliometric analysis and was followed
by a Systematic Literature Review (SLR). The first-phase bibliometric analysis was conducted to quantitatively map
the global conceptual structure, thematic evolution, and publication trends at the macro level. Building on these
macro-level findings, the second-phase SLR was performed to qualitatively extract, critically evaluate, and synthesize
the operational empirical evidence from the most relevant literature. The sequential integration of these two
methods ensured robust data triangulation, thereby minimizing subjective bias.

2.2 Data Search Strategy
The initial data extraction process was conducted using the Scopus database. Scopus was selected because of its
reputation as the largest multidisciplinary peer-reviewed literature database, providing high-quality metadata suitable
for bibliometric mapping. The literature search was performed using a combination of specific keywords formulated
as a Boolean search string and applied to the Title, Abstract, and Keywords fields (TITLE-ABS-KEY). The search query
was carefully designed to capture the intersection between the fields of Science, Technology, Engineering, and
Mathematics (STEM) and Social-Emotional Learning (SEL). The complete search string used in the database is
presented below:

TITLE-ABS-KEY ( ( "STEM education" OR "STEAM education" OR "integrated STEM" OR "STEM learning" OR "STEAM
learning" OR "STEM approach" OR "STEM curriculum" OR "STEM integration" OR "STEM program*" OR "STEM
student*" OR "STEM teacher*" OR "STEM class*" OR "STEM disciplin*" OR "STEM field*" OR "STEM subject*" OR
"science, technology, engineering, and math*" OR "science, technology, engineering and math*" ) AND ( "social-
emotional*" OR "socio-emotional*" OR "social and emotional*" OR "SEL" OR "affective" OR "social skill*" OR
"emotional skill*" OR "emotional intelligence" OR "empathy" OR "self-awareness" OR "self-management" OR "social
awareness" OR "relationship skill*" OR "responsible decision-making" OR "resilience" OR "well-being" OR "wellbeing"
OR "growth mindset" OR "emotional regulation" OR "character education" OR "non-cognitive" OR "noncognitive" ) )

2.3 Bibliometric Analysis
The search parameters were limited to publications published between 2017 and mid-2026 to ensure the relevance
of the research discourse. The initial screening, which restricted the search to English-language publications and
document types including journal articles, conference papers, and review articles, yielded a dataset of 1,225
documents. The resulting bibliographic records were then exported in BibTeX format. This format was intentionally
selected because the R environment exhibited superior metadata sensitivity and compatibility when processing
BibTeX files. The BibTeX dataset was subsequently imported into the R environment using the bibliometrix interface
(Biblioshiny).

The system's automated data-cleaning process consolidated the dataset into a final corpus of 1,132 documents for
analysis. The software was used to compute annual publication performance metrics, geographic distribution, and
source impact, as well as to visualize the scientific landscape through keyword co-occurrence network analysis and
thematic map construction. The results of the quality assessment are presented in Table 1.

<<Table 1. The automated data-cleaning process>>

2.4 Systematic Literature Review Procedure (PRISMA)
The second-stage literature selection was conducted in strict accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines. As illustrated in Fig. 1, the selection process was
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designed to identify the most relevant studies through four sequential stages: identification, screening, eligibility
assessment, and final inclusion. During the initial identification stage, a total of 1,555 records were retrieved from
the database. Following this comprehensive screening and selection process, 15 core empirical studies met all
inclusion criteria and were selected for data extraction.

<<Figure 1. PRISMA Flow Diagram>>

2.5 Data Extraction and Synthesis Framework (PICO)
The final set of 15 studies that met the PRISMA inclusion criteria was subjected to an in-depth analysis. To ensure
the consistency and objectivity of data extraction, the qualitative synthesis employed the PICO (Population,
Intervention, Comparison, and Outcomes) analytical framework. This framework was systematically applied to
examine participants' demographic characteristics, the specific pedagogical interventions implemented, the
presence of comparison parameters or control groups, and the intervention outcomes in terms of improvements in
students' cognitive performance and affective well-being.

3. Result

3.1 Publication Growth and Global Geographic Distribution
Based on the final dataset of 1,132 documents, the analysis of annual scientific output from 2017 to mid-2026
revealed an exponential growth trajectory. At the beginning of the observation period in 2017, only 31 publications
addressed the intersection of STEM education and Social-Emotional Learning (SEL). The volume of publications
increased steadily over time, with a slight fluctuation observed in 2020 (61 documents), before rising progressively
to 170 publications in 2024. Scientific output reached its peak in 2025, with a total of 280 publications.

The apparent decline recorded in 2026 (156 documents) did not represent a decrease in research interest but rather
reflected the partial nature of data collection, as the year had not yet concluded when the data extraction was
performed. To visualize this exponential growth trajectory and the slight fluctuations observed during the study
period, the detailed annual scientific production trend is illustrated in Fig. 2.

<<Figure 2. Annual Scientific Production Trend of STEM Education and SEL Research (2017–2026)>>

The exponential increase after 2020 was particularly significant. This finding indicated a global paradigm shift driven
by educational disruptions caused by the pandemic. The academic community increasingly recognized that
cognitive skills within STEM disciplines could not function independently without support from students' social
competencies, emotional resilience, and self-regulation. From a geographic distribution perspective, scientific
production in this domain demonstrated strong centralization, with several countries emerging as major
contributors. The Countries' Scientific Production analysis presented in Fig. 3 revealed that the United States (USA)
dominated this discourse, with a total occurrence frequency of 1,267. The frequency value exceeding the total
number of documents represented the high intensity of inter-author collaboration among researchers from various
institutions across the United States in these publications.

<<Figure 3. Countries' Scientific Production>>

The position of the United States was followed by China (121) in second place and Indonesia (80) in third place, with
a considerable gap. The dominance of the United States could be attributed to its well-established national
education policies, including the explicit integration of SEL frameworks into the Next Generation Science Standards
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(NGSS). The presence of China and Indonesia among the top three global contributors provided important new
insights, indicating that the urgency of integrating human-centered and emotionally responsive STEM education was
no longer an exclusive agenda of advanced Western countries but had become a strategic educational priority in
developing countries undergoing curriculum transformation.

3.2 Core Sources and Influential Authors
This study also identified the primary publication outlets that facilitated discourse on STEM education and Social-
Emotional Learning (SEL). The analysis of publication sources was conducted using Bradford's Law of Scattering.
The mapping results in the core zone (Zone 1) revealed that the majority of the literature was concentrated in several
highly productive primary sources. The mapping results within the core zone (Zone 1), which detail the highly
productive primary journals and conference proceedings disseminating research on this intersection, are
summarized in Table 2.

<<Table 2. Most Relevant Publication Sources Based on Bradford's Law Core Zone>>

The ASEE Annual Conference and Exposition proceedings ranked as the most productive source, publishing 113
documents. This was followed by the prestigious journal Education Sciences with 41 documents and Frontiers in
Education with 36 documents. The presence of engineering conference proceedings alongside specialized
education journals provided an important academic signal. This finding indicated that SEL integration was not only
examined conceptually by education scholars but was also actively discussed and practically implemented by the
engineering education community in practice. Meanwhile, the Authors' Local Impact metric was used to identify
researchers with the most significant influence within the dataset. Meanwhile, the Authors' Local Impact metric was
evaluated to identify researchers with the most significant influence within the dataset. The leading authors, ranked
by their citation counts, h-index, and publication initiation years, are presented in Table 3.

<<Table 3. Top Influential Authors Based on Local Impact Metrics>>

Murphy M.C. emerged as the most influential author, with a total of 931 citations from six publications recorded
since 2019. This position was closely followed by Canning E.A., with 855 citations, and Muenks K., with 787
citations. An interesting pattern was observed in the publication initiation years of these leading authors; nearly all
highly influential researchers began publishing their core works intensively between 2019 and 2022. This finding
confirmed that the modern theoretical foundation underlying the integration of STEM education and SEL represented
a relatively emerging research area that was currently undergoing a phase of rapid expansion.

3.3 Thematic Mapping and Keyword Co-occurrence
The Keyword Co-occurrence Network and word frequency analyses were conducted to understand the conceptual
architecture of this research domain. These analyses served as a crucial analytical bridge to guide the thematic
exploration in the subsequent Systematic Literature Review (SLR) stage. Based on the extraction of the most
frequently occurring terms, the keywords "students" (302 occurrences), "technology" (258 occurrences), and
"engineering education" (222 occurrences) dominated the literature. The high frequency of these keywords explicitly
positioned students and technology as central components of learning interventions. The co-occurrence network
visualization divided the research landscape into two closely interconnected primary clusters. This classification
mapped the integration of STEM education and SEL into two fundamental dimensions. The co-occurrence network
visualization divided the research landscape into two closely interconnected primary clusters. As illustrated in Fig. 4,
this classification clearly maps the integration of STEM education and SEL into two fundamental conceptual
dimensions.
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<<Figure 4. Keyword Co-occurrence Network Analysis in STEM and SEL Literature>>

The first cluster (blue) represented the STEM pedagogy and curriculum dimension. This cluster centered on the
structural aspects and implementation of instruction. The largest nodes within this network included engineering
education, technology, curriculum, and teaching. The blue cluster represented the institutional and pedagogical
approaches involved in designing comprehensive STEM programs. The second cluster (red) represented the
psychological and social-emotional dimension. Serving as a balance to the technical aspects of the blue cluster, the
red cluster mapped the essential cognitive and affective domains within SEL. The strongly interconnected nodes
included psychology, problem solving, empathy, motivation, cognition, and mental health. Notably, this cluster also
explicitly incorporated demographic variables, such as gender (male and female) and developmental stage
(adolescent). These findings indicated that SEL research within STEM contexts placed substantial emphasis on
inclusivity, gender equity, and adolescents' psychological well-being.

The highly dense connectivity between the blue and red clusters visualized the central argument of this study.
Technical competencies in STEM education were demonstrated to be inseparable from psychological well-being
support, including empathy, motivation, and mental health, in creating holistic and adaptive learning environments.
These macro-level network findings were subsequently examined in greater depth through the qualitative literature
review presented in the following section.

3.4 Thematic Findings from the Systematic Review
A systematic literature review of the 15 core studies was conducted to validate and deepen the findings obtained
from the preceding bibliometric mapping. Data from these studies were comprehensively extracted using the
Population, Intervention, Comparison, and Outcomes (PICO) framework. A comprehensive summary of the extracted
data, systematically outlining the methodological characteristics, interventions, and thematic categorizations of the
15 core studies based on the PICO framework, is presented in Table 4.

<<Table 4. Summary of Data Extraction and Thematic Categorization using the PICO Framework>>

3.4.1 SEL as a Catalyst for STEM Achievement and Retention
The reviewed literature consistently demonstrated that social-emotional competencies were not merely
complementary skills but fundamental drivers of cognitive and academic achievement in STEM education. The
quantitative study conducted by Puslednik & Brennan (2026) demonstrated that social mentoring interventions had
substantial potential to serve as catalysts for improving science achievement, particularly among students in rural
and remote areas. The mentoring program produced marked improvements in science knowledge and problem-
solving skills, with effect sizes ranging from 0.81 to 1.57, which were supported by significant gains in students'
communication skills.

This causal effect was further reinforced at a large population scale by Allen et al (2019). Through an evaluation of
1,599 students across 158 STEM-based programs, their analysis quantified the direct relationship between the
quality of SEL integration and STEM career retention. The findings showed that 65% to 85% of students reported
increased engagement, career interest, and persistence in STEM, all of which were strongly correlated with critical
thinking and interpersonal competencies. These findings confirmed that interventions aimed at enhancing students'
psychological well-being directly contributed to their long-term persistence within the STEM academic ecosystem.

3.4.2 Pedagogical Strategies for Integrating SEL into STEM
Curricula
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The second dominant theme explored practical mechanisms for integrating Social-Emotional Learning (SEL) into
classroom practice. Bawaneh et al (2026) the findings further emphasized the need for precise alignment between
STEM instruction and the Collaborative for Academic, Social, and Emotional Learning (CASEL) competency
framework, particularly given that teachers consistently demonstrated a high level of awareness regarding the
importance of this pedagogical approach. Moreover, at the early childhood and preschool levels, the most prominent
instructional approach involved the use of robotics through play-based learning pedagogy. Penelitian Mahiri (2026);
Mahiri et al (2026) demonstrated compellingly that robotics-based interventions, such as LEGO Robotics integrated
with culturally responsive pedagogy, enabled children aged 4 to 5 years to acquire foundational computational and
structural assembly skills. Simultaneously, this instructional approach successfully fostered the comprehensive
development of all five CASEL core competencies within the classroom. Interdisciplinary curriculum integration was
also demonstrated to be effective. A study conducted by Garner et al (2018) found that a module integrating the
arts, science, and social-emotional skills within a summer program successfully fostered empathy while
simultaneously enhancing students' appreciation of real-world scientific applications.

Beyond curricular interventions, the reviewed literature also highlighted the importance of the physical learning
environment and educators' capacity in supporting the effective integration of SEL into STEM education. Mercan et
al (2024) revealed that thoughtfully designed physical learning environments, such as STEAM makerspaces,
functioned as effective pedagogical tools for facilitating practical cognitive development while simultaneously
fostering students' sense of belonging and self-confidence. A study conducted by Fields & Kafai (2023) also
highlighted that the successful implementation of innovative curricula, such as e-textiles, depended heavily on
addressing teachers' emotional needs through support from communities of practice, ultimately resulting in high
levels of STEAM program retention within participating schools.

3.4.3 Demographic Disparities and Inclusive STEM Education
The intersection of STEM education and Social-Emotional Learning (SEL) provided a crucial framework for
addressing issues of equity, demographic disparities, and educational justice. Lee and Grapin (2025) proposed a
justice-centered STEM education approach for multilingual learners, in which students' emotional well-being was
validated as a cross-cultural asset for designing scientific solutions to global challenges. This emphasis on
inclusivity was also demonstrated to be adaptable to neurodivergent learners. Taylor and Glavey (2024)
demonstrated that integrating robotics into inclusive classrooms successfully supported students with disabilities
and autism. This approach not only enhanced coding literacy but also promoted students' independence and social-
emotional engagement.

The fulfillment of students' physical and emotional sense of safety was emphasized across diverse demographic
groups. A study of early childhood learners conducted by Silvis et al. (2026) highlighted the importance of creating
computing classrooms that prioritize dignity and physical comfort through embodied belonging. In rural settings,
Gutierrez et al. (2025) found that interactive, family-based independent experimentation activities stimulated
positive emotional expression and teamwork among secondary school students. Furthermore, Bonner et al. (2024)
demonstrated that a holistic curriculum integrating nutrition, physical fitness, and STEM significantly improved the
Positive Youth Development (PYD) index.

Despite its substantial conceptual benefits, the integration of SEL into mainstream educational settings encountered
significant implementation challenges. Perry et al. (2025) reported that evaluations of integrated curriculum
programs delivered during regular school hours frequently failed to demonstrate significant improvements in SEL
survey indicators, in contrast to the positive outcomes observed in after-school programs. This finding was
consistent with the phenomenon documented by Manchanda et al. (2025) among preservice STEM teachers.
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Although educators regarded Transformative Social-Emotional Learning (T-SEL) as an essential component for
promoting classroom equity, its practical implementation was often constrained by systemic time pressures and the
demands of covering technical curriculum content. This tension between the demands of the formal academic
system and the provision of meaningful social-emotional support emerged as a critical challenge for future
research.

4. Discussion

4.1 Synthesis of the Main Findings, Theoretical Relevance, and
Critical Analysis
With reference to the original objectives of this study, the principal findings from the bibliometric analysis and the
systematic literature review confirmed that the integration of Social-Emotional Learning (SEL) into STEM education
had experienced exponential growth. This discourse has evolved from a peripheral concept into a fundamental
catalyst for the development of technical cognitive competencies (Corcoran et al., 2018; Ha et al., 2025; Nalipay et
al., 2024).

The synthesized findings directly aligned with and reinforced the contemporary literature advocating a transition
toward a holistic educational approach. Earlier studies had largely treated STEM disciplines as rigid fields
characterized by an exclusive emphasis on objectivity and the transfer of technical skills (Cech, 2014; Faulkner,
2007; Imad et al., 2023). However, the findings of the present study directly challenged and deconstructed this
traditional paradigm. Large-scale empirical evidence from Allen et al. (2019) and intervention-based findings
reported by Puslednik and Brennan (2026) demonstrated that social-emotional competencies, including resilience,
communication, and relational capacity, constitute the primary driving forces underlying sustained academic
persistence and long-term STEM career retention.

The most significant contribution of this study to the global literature is the critical demonstration that Social-
Emotional Learning (SEL) should no longer be regarded merely as a complementary instrument for enhancing
classroom comfort. Based on the critical analysis of the available evidence, social-emotional competencies emerge
as a structural foundation for educational equity (Jones et al., 2020; Mahoney et al., 2021). The implications of these
findings are highly significant, as neglecting psychological dimensions in the design of STEM curricula perpetuates
systemic exclusion among underrepresented populations. The literature supports this conclusion, demonstrating
that approaches grounded in emotional justice represent an effective means of promoting the participation of
multilingual learners (Lee & Grapin, 2025) while fostering the autonomy of neurodivergent students in inclusive
classrooms (Taylor & Glavey, 2024).

These findings necessitate an expansion of the classical cognitivist framework traditionally applied in science
classrooms (Pintrich et al., 1993; Sinatra, 2005). A critical evaluation of these dynamics indicates that modern
theories of science learning must inherently incorporate affective variables. From a practical perspective, the
significance of these findings calls for institutional-level reform. Given the substantial influence of psychosocial
factors on academic success (Bonner et al., 2024), future STEM programs will be unlikely to cultivate the next
generation of innovators if educational institutions focus solely on computational intelligence without systematically
fostering students' mental resilience and collaborative capacity.

4.2 Pedagogical Dynamics and Practical Contradictions
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Previous studies have frequently positioned science mastery and developmental psychology as two parallel yet
separate curricular pathways (Eylon & Linn, 1988; Linn et al., 2016). The findings of this systematic literature review
substantially extended and deconstructed the limitations of this conventional perspective. Our review confirmed that
well-designed pedagogical interventions not only bridged these two domains but also successfully integrated them
into a unified cognitive-affective framework. For example, the combination of culturally responsive pedagogy with
hands-on instructional tools was shown to enable young children to develop foundational computational skills
(Mahiri, 2026) while simultaneously fostering all five CASEL core competencies (Mahiri et al., 2026). These findings
provide compelling empirical support for Social Constructivist Theory, suggesting that the acquisition of technical
competencies is most effectively constructed through meaningful social interaction (Jeong et al., 2019; Lyu et al.,
2023).

Nevertheless, when the analytical lens was directed specifically toward real-world implementation, this study
identified a striking empirical contradiction. A substantial disparity emerged in the effectiveness of social-emotional
competency development across different learning ecosystems. Evaluations of integrated science curricula
implemented during regular school hours unexpectedly failed to detect significant improvements in students'
psychological well-being indicators (Perry et al., 2025). This unexpected finding stands in sharp contrast to the
consistently positive outcomes reported in out-of-school learning environments, including after-school programs
(Allen et al., 2019) and summer curriculum interventions (Garner et al., 2018).

This empirical contradiction represents a significant novel contribution of the present study, as it directly exposes
the deeply rooted systemic constraints embedded within mainstream educational institutions. The limited
effectiveness of SEL implementation during regular school hours is likely attributable to the rigidity of academic
performance targets and the widespread curricular emphasis on standardized testing (Araúz-Ledezma et al., 2022;
Levatino et al., 2024). This interpretation is supported by the observations of Manchanda et al. (2025), who found
that preservice STEM educators faced a substantial dilemma: their intention to provide transformative social-
emotional support was consistently undermined by systemic time constraints and the pressure to complete
extensive technical curriculum content.

This contradictory implementation landscape carries profound theoretical and practical implications. From a
theoretical perspective, future pedagogical integration frameworks can no longer place the responsibility for social-
emotional demands solely on students' adaptive capacities. Instead, these frameworks must be expanded to
explicitly encompass educators' well-being (Dreer, 2023; Jennings & Greenberg, 2009; Madigan & Kim, 2021). From a
practical perspective, the success of an innovative curriculum was shown to depend largely on the extent to which
educational institutions supported teachers' emotional well-being through communities of practice (Fields & Kafai,
2023) the success of such curricula also depended on the instructional clarity of their pedagogical frameworks
(Bawaneh et al., 2026). Although the interpretation of these systemic barriers should be viewed with caution
because several studies relied on small-scale qualitative descriptive designs (Gutierrez et al., 2025), the triangulated
evidence consistently pointed to the same underlying structural constraints.

The identification of future research directions calls for the development of more sensitive methodological
evaluation frameworks capable of capturing gains in social-emotional competencies within the constraints of
regular school schedules (Perry et al., 2025). Extending this perspective to its broader significance, our findings
suggest that meaningful reform in STEM education cannot be achieved solely through revisions to curricular content
or instructional materials. Instead, the creation of a truly holistic educational ecosystem requires a fundamental
redesign of the learning architecture, encompassing both the transformation of physical learning environments to
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promote students' dignity and embodied comfort (Silvis et al., 2026) and the establishment of collaborative
innovation spaces that foster creativity and active engagement (Mercan et al., 2024).

4.3 Framework and Contextual Significance
The findings of this study hold substantial significance because they fundamentally redefine the benchmarks of
success in modern science education. Historically, the effectiveness of STEM curricula has been evaluated through
a narrow lens, primarily emphasizing students' mastery of mathematical formulas and mechanical technological
literacy (Arikan et al., 2022; Gao et al., 2020; Sussman & Wilson, 2019). However, the interpretive framework
developed through this review positions psychological well-being not as a secondary outcome, but as a fundamental
prerequisite for the development of technical cognition.

Comparing these findings with the existing literature places the discourse on STEM education within a much broader
sociocultural context. Contemporary science education does not operate in isolation (Firdaus & Nurohman, 2025).
Justice-centered educational approaches designed to accommodate the transnational experiences of multilingual
learners (Lee & Grapin, 2025), together with curricular interventions integrating physical fitness and holistic health
(Bonner et al., 2024), demonstrate that STEM education serves as a powerful instrument for social transformation.
The significance of this discourse underscores that preparing the next generation of innovators requires curricula
that holistically recognize and affirm students' cultural identities and physical well-being (Donnelly et al., 2016; Eitel
et al., 2024; Smith et al., 2022). This contextualization reinforces the central argument that mastery of twenty-first-
century technologies can generate meaningful and sustainable societal benefits only when guided by individuals
who possess well-developed emotional regulation and collaborative empathy.

4.4 Critical Methodological Analysis and Future Research
Directions
An objective evaluation of the mixed-methods approach employed in this study revealed several strengths and
limitations that influenced the interpretation of the findings. The primary strength of this research lies in its
triangulation capacity, whereby quantitative bibliometric mapping established the foundation for identifying global
trends, which were subsequently validated through in-depth qualitative analysis using a systematic literature review.

Several methodological limitations should be transparently acknowledged. In the bibliometric phase, the absence of
comprehensive citation reference metadata limited the capacity of the analysis to algorithmically map the historical
evolution of theoretical lineages. In the systematic literature review phase, the primary limitation originated from the
characteristics of the samples reported in several extracted studies. Some innovative investigations remained
heavily dependent on small-scale qualitative observations or descriptive designs, such as family-based interventions
in rural settings (Gutierrez et al., 2025) and phenomenological research involving eight preservice educators
(Manchanda et al., 2025). These sample size limitations constrained the generalizability of the findings to
mainstream populations without prior structural adjustments (Carminati, 2018; Hennink & Kaiser, 2022; Malterud et
al., 2016).

A critical analysis of the unexpected findings revealed an underlying irony within the academic ecosystem. The
evidence indicating that formal school hours failed to produce significant improvements in students' social-
emotional learning survey outcomes (Perry et al., 2025) carries substantial evaluative implications. This reality
highlights the limitations of conventional educational systems that remain overly rigid and constrained by
standardized technical assessment frameworks (Cho & Chan, 2020; Polesel et al., 2014; von der Embse et al., 2016).
The logical implication of this finding is that social-emotional competencies cannot simply be inserted as
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supplementary modules; rather, they require a fundamental restructuring of assessment systems and instructional
time allocation.

Based on the identified gaps and limitations, this study recommends several strategic directions for future research
agendas. The first critical step involves developing more sensitive classroom-based evaluation methodologies for
formal school settings, including the reformulation of measurement instruments and research approaches capable
of effectively detecting changes in students' affective outcomes within the constraints of regular school hours (Perry
et al., 2025). Furthermore, to address the persistent dominance of small sample sizes in the existing literature, future
research should examine the effectiveness of intervention instruments, such as robotics-based learning and
innovative maker spaces, through large-scale longitudinal studies. This long-term approach is essential because it
will enable researchers to precisely track the actual impact of such integration on STEM career retention through to
the professional level (M. H. Kim & Beier, 2020; Le & Robbins, 2016; Rocker Yoel et al., 2020; Stefani, 2024). Finally,
scholars should direct greater attention toward optimizing instructional design by developing standardized
pedagogical guidelines at the early education level. This standardization effort should include the systematic
alignment of activity difficulty progression (Garner et al., 2018), ensuring that designed curricular interventions can
be effectively adopted and adapted to support a substantially broader range of learner demographics (Gutiérrez et
al., 2025).

Extending this discourse toward broader global significance, the integration of technical competencies and social-
emotional intelligence ultimately represents a roadmap for sustaining an innovation-driven civilization. The success
of future STEM education will not be measured solely by the technological sophistication produced by its graduates.
Rather, it will be determined by the extent to which educational institutions can preserve learners' humanity, dignity,
and psychological resilience while preparing them to navigate increasingly complex global challenges.

5. Conclusion
This study achieved its primary objective of mapping global trends and thematic structures at the intersection of
STEM education and Social-Emotional Learning (SEL). The study confirmed that the discourse on SEL integration
has experienced exponential growth and has transformed into a fundamental catalyst for career retention and
academic achievement in science. In addressing the initial research questions, the literature extraction results
demonstrated that innovative, culturally responsive pedagogical strategies not only enhanced technical literacy but
also successfully fostered social-emotional competencies simultaneously. The primary scientific contribution of this
study lies in its deconstruction of the rigid paradigm of traditional science education. This research advances
theoretical understanding by demonstrating that affective variables and psychological well-being constitute
structural prerequisites, rather than supplementary elements, for establishing an inclusive STEM ecosystem that
supports both minority learners and neurodivergent populations.

Practically, these findings urge policymakers to redesign curricula holistically and provide systematic psychological
support for educational communities in the field. Although this study offers a transformative framework, critical
evaluation of the literature revealed methodological limitations, particularly the inability of current instruments to
detect significant changes in students' affective outcomes during regular school hours. Future research should
prioritize the development of more sensitive evaluation methodologies for formal classroom settings and the
implementation of large-scale longitudinal studies to validate the effectiveness of SEL interventions through the
professional level. The global significance of this study underscores that the future of innovative civilizations will not
be measured solely by the sophistication of mechanical technologies. Rather, the true success of STEM education
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will be determined by the extent to which our academic ecosystems can cultivate resilience and empathy while
preserving the human dignity of future generations of innovators amid increasingly complex global challenges.
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Tables
Table 1. The automated data-cleaning process

Metadata Description Missing Counts Missing % Status

AU Author 0 0.00 Excellent

DT Document Type 0 0.00 Excellent

SO Journal 0 0.00 Excellent

LA Language 0 0.00 Excellent

PY Publication Year 0 0.00 Excellent

TI Title 0 0.00 Excellent

TC Total Citation 0 0.00 Excellent

AB Abstract 1 0.09 Good

C1 Affiliation 10 0.88 Good

DI DOI 146 12.90 Acceptable

DE Keywords 204 18.02 Acceptable

RP Corresponding Author 304 26.86 Poor

ID Keywords Plus 667 58.92 Critical

Table 2. Most Relevant Publication Sources Based on Bradford's Law Core Zone

Sources Rank Freq cumFreq

Asee Annual Conference and Exposition, Conference Proceedings 1 113 113

Education Sciences 2 41 154

Frontiers in Education 3 36 190

International Journal O]of Stem Education 4 26 216

Frontiers in Psychology 5 19 235

Proceedings - Frontiers in Education Conference 6 19 254

Sustainability (Switzerland) 7 17 271

Communications in Computer and Information Science 8 12 283

Cogent Education 9 11 294

International Journal of Technology and Design Education 10 11 305
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Table 3. Top Influential Authors Based on Local Impact Metrics

Author h_index g_index m_index TC NP PY_start

Murphy Mc 6 6 0,75 931 6 2019

Canning Ea 5 5 0,625 855 5 2019

Maiorca C 5 5 0,833 144 5 2021

Muenks K 5 5 0,625 787 5 2019

Burton M 4 5 0,8 48 5 2022

Roberts T 4 4 0,667 135 4 2021

Tripp Lo 4 4 0,8 46 4 2022

Chen J 3 3 0,375 53 3 2019

Diekman Ab 3 3 0,375 103 3 2019

Esparza D 3 3 0,375 17 3 2019

Table 4. Summary of Data Extraction and Thematic Categorization using the PICO Framework
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Authors Population Intervention Comparison Outcome

(Bawaneh et
al., 2026)

114 Public School
Teachers (K-12) in Jordan.

Online
Questionnaire
on STEM
Pedagogy
Integrated with
CASEL
Competencies.

Not Applicable (Survey
Research/Internal
Demographic
Comparison).

STEM: Strong
alignment of STEM
instruction with the
cells.

SEL: Uniform and
high level of
teacher awareness
(M=4.96/6).

(Gutierrez et
al., 2025)

Nine rural junior high
school students (and their
families).

Interactive
STEM
Experiment
(Tinkering)
Activities at
Home.

Not Applicable
(Descriptive Case
Study).

 

STEM: Stimulation
of creativity and
freedom of
expression.

SEL: Enhancement
of collaboration,
teamwork, and
positive emotional
expression.

(Manchanda
et al., 2025)

8 Prospective STEM
Secondary School
Teachers in West Asia.

Application of
the
Transformative
Cell (T-Cell)
Framework in
Teacher
Preparation.

Not Applicable
(Phenomenological
Approach).

 

STEM: Tension
between material
delivery targets
and emotional
support practices.

SEL: Considered
essential for
equity, yet
implementation is
hindered by time
constraints.

(Silvis et al.,
2026)

Children from 2
Kindergarten Classes (Tk).

Integrated
Floor-Based
CS-STEM
Curriculum.

Not Applicable
(Qualitative Interaction
Analysis).

STEM: Active
participation in the
computing
environment.

SEL: Creation of a
physical/emotional
"comfort zone" and
a sense of
belonging.

(Mahiri,
2026)

11 Diverse Children Aged
4–5 at a Northern
California Elementary
School.

Lego Robotics
After-School
Program
Featuring
Culturally
Responsive
Pedagogy and
SEL.

Not Applicable
(Longitudinal
Qualitative Research).

STEM: Capable of
designing and
programming
robots at the level
of 4th–5th grade
students.

SEL: Culturally
responsive
learning is well-
established.

(Puslednik &
Brennan,
2026)

32 High-Achieving
Students (Grade 10) in
Rural Australia.

Three-Year
Authentic
Research
Mentor
Program
(ARMP)

Control Group (Students
Without Mentoring
Intervention).

STEM: Rapid
improvement in
scientific
knowledge and
problem-solving
(ES: 0.81–1.57).
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Authors Population Intervention Comparison Outcome
SEL: Significant
development in
communication
and social skills.

(Mercan et
al., 2024)

Teachers and
Preschool/Early Childhood
Children.

Utilization of
STEAM
Makerspaces
(Creative
Spaces).

Not Applicable
(Teacher's Qualitative
Reflection).

STEM:
Enhancement of
cognition,
imagination, and
hands-on
creativity.

SEL: Development
of a sense of
belonging and self-
confidence.

(Fields &
Kafai, 2023)

8 Experienced High School
Computer Science (CS)
Teachers.

Implementation
of an E-Textile-
Based STEAM
Curriculum.

Not Applicable
(Teacher's Qualitative
Reflection).

STEM: Successful
Advocacy and
Retention of the
STEAM Program in
Schools.

SEL: Meeting
Teachers'
Emotional Needs
Through
Communities of
Practice.

(Lee &
Grapin,
2025)

K-12 Minority Groups
(Multilingual Learners /
MLs).

A Justice-
Centered STEM
Education
Framework
Based on
Social
Challenge
Issues (e.g.,
COVID-19).

Not Applicable
(Conceptual/Theoretical
Paper).

STEM:
Involvement of
Data Science/CS in
Designing
Solutions for
Social Issues.

SEL: Cross-
Language/Cultural
Asset Validation
and MLS
Emotional Well-
being.

(Garner et
al., 2018)

Preschool/Young Children
in After-School Programs.

STEAM-SEL
Summer
Curriculum
(Integrating Art,
STEM, and
Emotional
Skills).

Not Applicable
(Qualitative Design
Evaluation by Experts).

STEM: Increased
appreciation of
and interest in the
application of
science.

SEL: Development
of empathy
(although experts
assessed the cell
design as lacking
integration in
terms of STEM).
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Authors Population Intervention Comparison Outcome

(Mahiri et
al., 2026)

11 Students (Transitional
Kindergarten/Kindergarten,
ages 4–5) in Northern
California.

Project-
Based/Play-
Based
Pedagogy
Using Two
Lego Robotics
Kits.

Not Applicable (One-
Year Academic
Qualitative
Observation).

STEM: Mastery of
basic computing,
structural
assembly, and
technology.

SEL: Students fully
manifest the five
pillars of CASEL
skills.

(Taylor &
Glavey,
2024)

Students with
Disabilities/Autism in
Elementary School.

The Use of
Robotics and
Coding (Project
Raise) in
Inclusive
Classrooms.

Not Applicable
(Vignette
Study/Practical
Research).

STEM:
Development of
coding literacy,
problem-solving,
and 21st-century
skills.

SEL: Enhancement
of independence,
discussion skills,
and socio-
emotional
engagement.

(Bonner et
al., 2024)

108 adolescents (mean
age 12 years) in South
Miami.

The Think
Program (6
Weeks):
Integrating
Nutrition,
Fitness, STEM,
and Cells.

Baseline vs. Post-
Intervention (Pre-Post
Test Design).

STEM: Physical
Health
Education/Stem
Achieved.

SEL: Significant
Increase in the
Positive Youth
Development Index
(PYDI).

(Allen et al.,
2019)

1,599 students (grades 4–
12) from 158 after-school
programs across 11 U.S.
states.

National STEM-
Based After-
School
Program.

High-Quality vs. Low-
Quality Program
Interventions (Based on
Observation).

STEM: 65–85% of
students report
increased
engagement,
career interest, and
persistence.

SEL: Strong
correlation
between STEM
achievement and
critical
thinking/relational
skills (Cell).

(Perry et al.,
2025)

81 Junior High School
Students in a Formal
Classroom Setting (In-
School).

Think
Integrated
Academic
Curriculum
(Focus on the
Whole-Child
Approach).

 

Baseline vs. End of
Spring Semester (2019,
2021, 2023).

STEM: Increase in
scientific
knowledge
regarding
sports/nutrition
and physical
fitness.

SEL: Cell surveys
showed no
significant
changes during
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Authors Population Intervention Comparison Outcome
formal school
hours.

Figures

Figure 1

PRISMA Flow Diagram
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Figure 2

Annual Scientific Production Trend of STEM Education and SEL Research (2017–2026)

Figure 3

Countries' Scientific Production
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Figure 4

Keyword Co-occurrence Network Analysis in STEM and SEL Literature
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