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Purpose of the study: This systematic literature review aims to synthesize
current knowledge about attitude-intention relationships in STEM education
through the Theory of Planned Behavior framework and identify key factors that
moderate these relationships across diverse cultural and educational contexts.

Methodology: Systematic literature review following PRISMA 2020 guidelines
using Scopus database. Comprehensive search strategy with Boolean operators
covering Theory of Planned Behavior, attitudes, intentions, and STEM education
contexts from 2015-2025. Data extraction using standardized forms, quality
assessment with Mixed Methods Appraisal Tool (MMAT), and narrative
synthesis with bibliometric analysis using VOSviewer software for thematic
clustering and temporal trend analysis.

Main Findings: Twenty-six studies from 15 countries revealed robust TPB
applicability in STEM contexts with significant cross-cultural variations.
Collectivistic cultures demonstrated stronger subjective norms effects (f = 0.28-
0.48) while individualistic cultures showed stronger attitude effects (B = 0.41-
0.58). Cultural intelligence emerged in 38.5% of studies as critical moderator.
Extended TPB models incorporating self-efficacy, environmental support, and
readiness factors provided enhanced explanatory power beyond core
components.

Novelty/Originality of this study: First comprehensive systematic review
examining TPB in STEM education with explicit cross-cultural analysis and
cultural intelligence integration. Advances existing knowledge by identifying
systematic cultural variations in TPB component strength and providing
evidence-based framework for culturally responsive STEM education
interventions targeting diverse global populations.
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1. INTRODUCTION

The persistent gap between students’ attitudes and intentions in STEM (Science, Technology,
Engineering, and Mathematics) education represents one of the most consequential unresolved challenges in
contemporary education policy, as nations worldwide grapple with chronic underrepresentation and declining
enrollment in these fields [1]. Despite significant investments in STEM education initiatives and workforce
development programs, many students continue to demonstrate positive attitudes toward STEM subjects yet fail
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to translate these attitudes into concrete intentions to pursue STEM careers or advanced study [2], [3]. This
attitude—intention gap represents a fundamental challenge that undermines efforts to build diverse, skilled STEM
workforces capable of addressing global challenges such as climate change, technological innovation, and
sustainable development. Recent evidence indicates that traditional approaches focusing solely on improving
STEM attitudes may be insufficient without addressing the broader constellation of factors that influence
behavioral intentions [4], [5].

To address this challenge, the Theory of Planned Behavior (TPB), developed by Ajzen [6], provides a
robust theoretical foundation for examining how attitudes, subjective norms, and perceived behavioral control
collectively influence behavioral intentions. Within the STEM education context, this framework has gained
considerable attention as researchers seek to understand why students with favorable attitudes toward science
and mathematics may not develop strong intentions to pursue STEM pathways [7], [8]. Recent studies have
demonstrated that perceived behavioral control, often operationalized as self-efficacy in STEM domains,
significantly moderates the relationship between attitudes and intentions across different cultural and educational
contexts [9], [10].

Cultural and demographic factors further complicate attitude—intention relationships in STEM
education. Research has consistently shown that women, ethnic minorities, and students from lower
socioeconomic backgrounds often demonstrate positive attitudes toward STEM subjects but experience
significant obstacles in developing and maintaining intentions to pursue STEM careers [11]-[13]. Furthermore,
the role of cultural intelligence and intercultural competence has emerged as increasingly important in diverse
STEM learning environments, where students must navigate complex social dynamics while developing their
academic and professional identities [14], [15].

Contemporary STEM education initiatives increasingly emphasize the importance of culturally
responsive pedagogies, recognizing that attitude—intention relationships may vary significantly across different
cultural and social contexts. The integration of cultural elements and local knowledge systems into STEM
curricula has shown promise in enhancing both attitudes and intentions, particularly among students from
traditionally underrepresented groups [16], [17]. The emergence of Ethno-STEM approaches, which explicitly
integrate indigenous knowledge systems with formal STEM content, represents a particularly promising area for
understanding how cultural factors moderate attitude—intention relationships [18], [19].

Despite this growing body of research, three critical and interconnected gaps persist in the literature,
creating an urgent evidence deficit that constrains both policy and practice. First, no systematic review has
comprehensively mapped cross-cultural variations in TPB component strength across multiple STEM domains
simultaneously; existing studies remain confined to single-country or single-context designs, leaving the
mechanisms of cross-cultural moderation empirically uncharted at the global level [20], [21]. Second, although
cultural intelligence (CQ) has been recognized as essential in diverse educational settings, fewer than one in five
empirical TPB—STEM studies have incorporated CQ as a construct, and no systematic synthesis has established
its moderating role within the TPB—STEM nexus. Third, the comparative explanatory power of extended TPB
models, those incorporating self-efficacy, environmental support, and readiness factors, has not been evaluated
systematically across individualistic and collectivistic cultural settings, where the relative salience of these
constructs is expected to differ substantially. Collectively, these gaps represent a critical barrier to developing the
evidence-based, culturally differentiated STEM education policies urgently needed as STEM participation
remains inequitable across cultural and national contexts.

To address these gaps, this study adopts a systematic literature review design following PRISMA 2020
guidelines, synthesizing 26 empirical studies from 15 countries (Scopus, 2015-2025) through narrative synthesis
and bibliometric analysis. This multi-study, cross-national approach enables the detection of cross-cultural
patterns that single-country designs cannot reveal, making it uniquely suited to resolve the three identified gaps.
This study specifically aims to: (1) synthesize cross-cultural evidence on attitude—intention relationships in
STEM education through the TPB framework across diverse cultural clusters; (2) identify how cultural
orientation and related social factors moderate the relative strength of core TPB components; and (3) establish
the theoretically grounded role of cultural intelligence as a moderating variable in extended TPB models within
STEM education. The following research questions operationalize these objectives:

RQI1: How do TPB components (attitude, subjective norms, perceived behavioral control) predict
STEM intentions across different cultural contexts?

RQ2: What cultural factors moderate attitude—intention relationships in STEM education?

RQ3: What is the role of cultural intelligence in extended TPB models within STEM education?

2. RESEARCH METHOD

This study employed a systematic literature review (SLR) as the research design, following PRISMA
2020 guidelines to ensure methodological transparency and reproducibility. The sample consisted of 26 peer-
reviewed empirical studies selected from an initial pool of 74 records retrieved from the Scopus database
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through purposive sampling using predefined inclusion and exclusion criteria. Two primary instruments were
used for data collection and quality assessment: (1) a standardized data extraction form adapted from Page et al.
[22] and customized for TPB-focused STEM education research, and (2) the Mixed Methods Appraisal Tool
(MMAT) version 2018, adopted from Hong et al. [23] for evaluating methodological quality across diverse
research designs. Inter-rater reliability was confirmed through Cohen's kappa (k = 0.85 for initial screening; Kk =
0.87 for full-text review), serving as the reliability indicator equivalent to internal consistency measures in
primary quantitative studies. Data analysis employed narrative synthesis combined with bibliometric analysis
using VOSviewer software for thematic clustering and temporal trend identification.

This systematic literature review was conducted following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) 2020 guidelines to ensure transparent and reproducible methodology
[22]. The review protocol was developed a priori to minimize bias and enhance methodological rigor. The
primary research question guiding this review was: "What is the nature and strength of attitude-intention
relationships in STEM education contexts as explained by the Theory of Planned Behavior framework?"
Secondary questions examined moderating factors, cultural variations, and methodological considerations that
influence these relationships. The review synthesized empirical evidence from the past decade (2015-2025) to
provide comprehensive insights into how the TPB framework explains attitude-intention dynamics in diverse
STEM educational contexts.

A comprehensive search strategy was developed through iterative testing and refinement. The strategy
combined four key concept groups using Boolean operators: (1) Theory of Planned Behavior terminologies, (2)
attitude-related constructs, (3) intention-related variables, and (4) STEM education contexts. Both American and
British spelling variations were included to ensure comprehensive coverage. The final search string was
validated against a set of known relevant publications prior to full implementation. Search String: TITLE-ABS-
KEY((“Theory of Planned Behavior” OR “Theory of Planned Behaviour” OR “TPB” OR “planned behavior
theory” OR “planned behaviour theory”) AND (“attitude” OR “attitud” OR “student attitude” OR “learning
attitude” OR “academic attitude” OR “attitude toward” OR “attitude towards”) AND (“intention” OR
“behavioral intention” OR “behavioural intention” OR “career intention” OR “academic intention” OR “learning
intention” OR “persistence intention””) AND (“STEM” OR “STEM education” OR “science education” OR
“technology education” OR “engineering education” OR “mathematics education” OR “science, technology,
engineering, mathematics”)).

The search was conducted exclusively in the Scopus database, selected for its comprehensive
multidisciplinary coverage of peer-reviewed literature in education, psychology, and STEM fields, with over
25,000 titles from more than 5,000 publishers. The search was conducted on July 29, 2025, covering publications
from January 2015 to July 2025. Although this review did not extend to Web of Science (WoS) or ERIC, which
may have yielded additional studies, Scopus was considered sufficient given its extensive coverage of STEM
and education journals indexed in both WoS and ERIC. This single-database approach represents a
methodological limitation that is acknowledged in the limitations section. English language filtering was applied
during the screening process.

Studies were selected based on clearly defined inclusion and exclusion criteria. Inclusion criteria
required that studies: (1) were empirical peer-reviewed articles published between 2015-2025; (2) employed the
TPB framework or its extended versions; (3) examined attitude-intention relationships in STEM education
contexts; (4) were written in English; and (5) reported quantitative or mixed-methods data. Studies were
excluded if they: (1) were published before 2015; (2) measured fewer than two TPB constructs; (3) focused on
general technology adoption or non-STEM contexts (e.g., health, medical education); (4) were conference
abstracts, review papers, or grey literature; or (5) lacked sufficient statistical reporting for data extraction. The
eligibility criteria were pilot-tested on 20 studies, achieving inter-rater reliability of x > 0.80 before full
implementation.

The study selection followed a systematic two-stage screening process conducted independently by two
reviewers. Initial screening reviewed titles and abstracts of all 74 retrieved records using a three-category
system: “include”, “exclude”, or “uncertain”. A total of 38 records were excluded during this phase: studies not
focused on STEM education contexts (n = 15, 39.5%), studies not employing TPB framework (n = 8, 21.1%),
studies lacking attitude-intention focus (n = 7, 18.4%), non-English articles (n = 3, 7.9%), and conference
abstracts or review papers (n = 5, 13.2%). Inter-rater reliability for initial screening was excellent (k = 0.85). The
remaining 36 studies advanced to full-text review, of which 10 were further excluded (insufficient TPB
constructs, n = 3; general technology focus, n = 2; medical/health contexts, n = 2; inadequate methodology, n =
1; pre-2015 publication, n = 2). Disagreements in 10 cases were resolved through structured discussion and,
where necessary, third-reviewer adjudication. Final inter-rater reliability for full-text review was k = 0.87,
yielding 26 studies for qualitative synthesis.
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Figure 1. PRISMA Flow Diagram

Data extraction was performed using a standardized form adapted from Page et al., specifically, the
PRISMA 2020 data extraction template, and customized for TPB-focused STEM education research by adding
fields for TPB construct operationalization, cultural context, and effect size reporting. The form was pilot-tested
on six randomly selected studies before full implementation. Each of the 26 studies was independently extracted
by two reviewers, with calibration meetings held every five studies to maintain consistency. Extracted data
included: publication details, geographical and cultural context, participant demographics, STEM domain,
research design, sample size, TPB constructs measured, additional extended constructs, reliability coefficients,
path coefficients, and effect sizes.

For quality assessment, the Mixed Methods Appraisal Tool (MMAT) version 2018 was adopted from
Hong et al. without modification, selected for its validated criteria across quantitative, qualitative, and mixed-
methods designs. Quality assessment focused on five domains: sampling appropriateness, measurement validity
and reliability, statistical analysis adequacy, data completeness, and theoretical coherence. Studies were not
excluded based on quality scores, but quality ratings were used to weight interpretations in the synthesis.

Data analysis employed two complementary approaches. First, narrative synthesis was used to
systematically describe and compare findings across included studies, organized thematically around the three
research questions. Patterns in TPB component strength, cultural variations, and extended model configurations
were identified through systematic comparison of standardized path coefficients () and effect sizes. Second,
bibliometric analysis was conducted using VOSviewer software (version 1.6.20) to map keyword co-occurrence
networks, temporal research trends, and international collaboration patterns across the 26 included studies. This
dual-analytic approach enabled both qualitative pattern identification and quantitative trend mapping, providing
a comprehensive synthesis of cross-cultural evidence on attitude-intention relationships in STEM education.

3. RESULTS AND DISCUSSION

This section presents the findings of the systematic literature review using PRISMA 2020-guided
narrative synthesis and bibliometric analysis, directly addressing the three research questions. RQ1 (TPB
components across cultures) is addressed in sections 3.1.3 and 3.1.5; RQ2 (cultural moderating factors) in
sections 3.1.5 and 3.1.6; and RQ3 (role of cultural intelligence) in section 3.1.4. A total of 26 studies from 15
countries met all inclusion criteria and formed the basis of the synthesis.

3.1. Study Selection and Characteristics

The systematic search conducted in Scopus database on July 29, 2025, yielded 74 records using the
comprehensive search strategy designed to capture studies examining attitude-intention relationships in STEM
education through the Theory of Planned Behavior framework. Following the PRISMA guidelines, the initial
screening process involved the removal of duplicates and assessment of titles and abstracts against predefined
inclusion criteria. This process resulted in 36 studies being selected for full-text evaluation, with excellent inter-
rater reliability (k = 0.89) between two independent reviewers. After thorough full-text assessment, 10 studies
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were excluded due to insufficient TPB constructs (n=3), general technology focus rather than STEM education
(n=2), medical/health contexts that did not align with STEM education focus (n=2), inadequate methodology
(n=1), and publications before 2015 (n=2), leaving 26 studies that met all inclusion criteria for qualitative
synthesis.

The 26 included studies demonstrated substantial diversity in geographical distribution, educational
contexts, and methodological approaches as presented in Table 2. Studies originated from 15 different countries
across five continents, with the highest representation from Asia-Pacific regions (42.3%, n=11), followed by
Europe (23.1%, n=6), North America (15.4%, n=4), Middle East (11.5%, n=3), and Africa (7.7%, n=2). The
temporal distribution revealed a notable increase in research intensity over the past decade, with 73.1% of
studies (n=19) published between 2020-2025, indicating growing scholarly interest in this research domain.
Sample sizes varied considerably, ranging from small-scale qualitative studies with 10 participants to large-scale
quantitative surveys involving over 1,900 participants, reflecting methodological diversity in the field.
Educational contexts spanned from K-12 students to professional teachers, with teacher education representing
the largest participant group (34.6%, n=9), followed by secondary students (26.9%, n=7) and undergraduate
students (19.2%, n=5).

In summary, the 26 included studies represent a geographically diverse and methodologically rigorous
body of evidence spanning 15 countries and five continents, with strong growth in publication output between
20202025 (73.1%, n = 19). The dominance of teacher education contexts (34.6%) and quantitative designs
(88.5%) reflects the field's current methodological orientation and provides a robust foundation for addressing
the three research questions.

3.2. Bibliometric Analysis and Research Trends

The bibliometric analysis using VOSviewer revealed distinct thematic clusters and temporal evolution
patterns in TPB-STEM education research. The keyword co-occurrence network analysis as shown in Figure 2
identified three major research clusters: educational psychology and learning (blue cluster), technology adoption
and digital behavior (red cluster), and cultural and social factors (green cluster).
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Figure 2. VOS keyword co-occurrence network

The central position of "theory of planned behavior" in the network diagram indicates its fundamental
role as a theoretical bridge connecting diverse research domains in STEM education. The density visualization
highlighted "behavioral intention," "STEM education," and "structural equation modeling" as the most
frequently co-occurring terms, indicating methodological convergence toward sophisticated statistical
approaches for examining attitude-intention relationships.

Figure 3 presents the temporal overlay visualization showing the evolution of research focus from 2016
to 2025, demonstrating a clear temporal progression with earlier studies (2016-2018) focusing primarily on basic
TPB applications in mathematics and science education, while recent research (2022-2025) shows increased
emphasis on technology integration, cultural intelligence, and extended TPB models.
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The co-authorship network analysis revealed emerging international collaborations, particularly strong
connections between Asian researchers and growing partnerships with European and North American
institutions. Research intensity mapping showed significant clustering around major universities in China,
Taiwan, and Turkey, with expanding networks in Southeast Asia and increasing representation from African

institutions.
Table 1. Characteristics of Included Studies by Year, Country, and Sample Size
Study ID Authors Year Country/ Region STEM Context TPB Mode
S01 Wu et al. 2022  China STEM Education Extended TPB
S02 Wijaya et al. 2022  Indonesia STEM Education Basic TPB
S03 Lin & Williams 2016  Taiwan STEM Education Basic TPB
S04 Ku et al. 2022  Taiwan STEM Education Basic TPB
S05 Hagger & Hamilton 2018  Australia Science Education Extended TPB
S06 Burrus & Moore 2016  USA Mathematics Education Basic TPB
S07 Do et al. 2021 Vietnam Mathematics Education Extended TPB
S08 Hagger et al. 2015  Pakistan Mathematics Education Extended TPB
S09 Cheng et al. 2025  Taiwan STEM Education Basic TPB
S10 Alhendal et al. 2016  Kuwait Science Education Extended TPB
S11 Kumar et al. 2020  Malaysia Engineering Education  Extended TPB
S12 Sanchez Teba et al. 2025  Spain STEMEducation Extended TPB
S13 Borozan et al. 2025  Southeast Europe Engineering Education  Basic TPB
S14 Asghar et al. 2019  Pakistan Technology Education = Basic TPB
S15 Passaro et al. 2017  Italy Technology Education  Basic TPB
S16 Mnguni 2025  South Africa Science Education Basic TPB
S17 Ates & Garzon 2022  Turkey Science Education Extended TPB
S18 Taylor 2015 UK STEM Subject Choice ~ Basic TPB
S19 Spektor—Levy & 2019  Israel Science Education Basic TPB
Yifrach
S20 Moosa & Ramnarain 2023 South Africa Science Education Extended TPB
S21 Yiiziiak & Erten 2018  Turkey Science Education Basic TPB
. STEM/ Technology
S22 Kim & Jeong 2023 South Korea Educati Extended TPB
ucation
S23 Flerlage et al. 2023  Germany STEM Education Extended TPB
S24 Moore & Burrus 2019  USA STEM Career Choice Basic TPB
S25 Tang et al. 2025  China gilatherpatlcs/ STEAM Extended TPB
ucation
S26 Ates & Kolemen 2025  Turkey Science Education Extended TPB

Note: Extended TPB refers to models incorporating additional constructs beyond basic attitude, subjective norms, and perceived
behavioral control.
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Overall, the bibliometric analysis confirms a clear paradigm shift in TPB-STEM research: from basic
attitudinal measurement in single-country studies (2016-2018) toward more complex, culturally informed, and
technology-integrated models (2022-2025). The emergence of "cultural intelligence" and "Ethno-STEM" as
high-growth keywords directly signals the research gap this review addresses.

3.3. TPB Component Measurement and Operationalization

The analysis of TPB component measurement across the 26 included studies revealed both consistency
and variation in operationalization approaches as detailed in Table 2. All studies (100%, n=26) measured
attitudes toward STEM-related behaviors, with affect-based measures being universal and cognitive evaluation
approaches employed in 84.6% of studies (n=22). Behavioral beliefs were assessed in 69.2% of studies (n=18),
typically through outcome expectancy measures and perceived usefulness scales. The most commonly used
instruments included the STEM Attitude Scale, Teaching Attitude Inventory, and domain-specific variations
adapted for particular STEM contexts. Attitude measurement demonstrated good reliability across studies, with
Cronbach’s alpha values consistently exceeding 0.80 for multi-dimensional attitude constructs.

Table 2. TPB Components and Additional Constructs Across Studies

TPB Measurement Frequency (n=26) Percentage Common
Component Approach q y £ Instruments/Scales
Core TPB Components
STEM Attitude Scale
- 0, s
Affect-based measures 26 100% Teaching Attitude Inventory
. .\ . o Perceived Usefulness Scale,
Attitude Cognitive evaluation 22 84.6% .
Value Beliefs
toward Outcome Expectanc
Behavior Behavioral beliefs 18 69.2% P Y
Measures
o Family Support Scale
o, )
Family influence 23 88.5% Parental Expectations
Peer influence 21 80.8% gziriafl’rlilsf?lllreige[e;szlrss’
Subjective Teacher/ Professional Professional Communit
Norms ot 19 1% Mo Y
Cultural expectations 16 61.5% Cultural Norms Inventory
. STEM Self-Efficacy Scale
- o >
Perceived Self-efficacy beliefs 24 92.3% Teaching Efficacy
ggﬁ?;glo ral Resource availability 20 76.9% Ele;s;)rllltgcreyPercep tion
Barrier perceptions 17 65.4% Obstacle Assessment Scale
Control beliefs 15 57.7% Perceived Control Measures
Extended Constructs
Self-Efficacy = Task-specific 16 61.5% Domain-Specific Self-
(separate) confidence e Efficacy Scales
Metacognitive CQ 10 38.5% Cultural Intelligence Scale
. 0
(CQS)
Intelligence Motivational CQ 9 34.6% Cultural Motivation
Inventory
Behavioral CQ 8 3089  Cultural Adaptation
Measures
Emotional readiness 6 23.1% Emotional Preparedness
Readiness Scale .
Factors Cognitive readiness 5 19.2% Izlslsoe\gfr?eglft Readiness
Behavioral readiness 4 15.4% Skill Readiness Measures
University support 7 26.9% %ﬂizng;al Support
]SEE;)/;r(;)rI;mental Technological support 6 23.1% Technology Support Scale
Social support 5 19.2% Social Support Network

Assessment

Note: Percentages calculated based on 26 included studies (2015-2025). Some studies measured multiple aspects of each component.
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Subjective norms measurement showed cultural variation in emphasis and source identification across
studies. Family influence was measured in 88.5% of studies (n=23), making it the most frequently assessed
social pressure source, followed by peer influence (80.8%, n=21) and teacher/professional norms (73.1%, n=19).
Cultural expectations were explicitly measured in 61.5% of studies (n=16), predominantly in research conducted
in collectivistic cultural contexts. Instruments ranged from general social influence scales to context-specific
measures such as the Family Support Scale and Cultural Norms Inventory. The measurement approaches
revealed systematic differences between individualistic and collectivistic cultures, with collectivistic contexts
showing greater emphasis on authority figures and hierarchical social structures.

Perceived behavioral control emerged as the most complex TPB component in terms of measurement
operationalization. Self-efficacy beliefs were assessed in 92.3% of studies (n=24), confirming the theoretical
overlap between these constructs in educational contexts. Resource availability perceptions were measured in
76.9% of studies (n=20), while barrier perceptions appeared in 65.4% of studies (n=17). Control beliefs,
representing the most traditional TPB conceptualization, were measured in only 57.7% of studies (n=15),
suggesting a shift toward self-efficacy focused operationalizations. The STEM Self-Efficacy Scale and Teaching
Efficacy measures were the most frequently employed instruments, often adapted for specific STEM domains
and educational levels.

Addressing RQ1, these measurement patterns confirm that all three core TPB components are
universally present across STEM education contexts, though with notable variation in operationalization. The
near-universal inclusion of self-efficacy within perceived behavioral control (92.3%), combined with the high
frequency of cultural expectation measures in subjective norms (61.5%), indicates that the field has organically
moved toward culturally extended TPB models — a trend this review systematically maps for the first time.

3.4. Extended TPB Models and Additional Constructs

Beyond the core TPB components, studies incorporated diverse additional constructs to enhance
explanatory power and cultural relevance. Self-efficacy as a separate construct (distinct from perceived
behavioral control) appeared in 61.5% of studies (n=16), typically measured through domain-specific confidence
assessments. Cultural intelligence emerged as an important extension in cross-cultural contexts, with
metacognitive CQ measured in 38.5% of studies (n=10), cognitive CQ in 38.5% (n=10), motivational CQ in
34.6% (n=9), and behavioral CQ in 30.8% (n=8). The Cultural Intelligence Scale (CQS) was the predominant
measurement tool, often adapted for educational contexts and specific STEM domains.

Readiness factors represented another important extension, particularly in teacher education contexts.
Emotional readiness was assessed in 23.1% of studies (n=6), cognitive readiness in 19.2% (n=5), and behavioral
readiness in 15.4% (n=4). Environmental support factors gained attention in recent studies, with university
support measured in 26.9% of studies (n=7), technological support in 23.1% (n=6), and social support networks
in 19.2% (n=5). These extensions reflected recognition that traditional TPB components alone may be
insufficient for explaining complex educational decisions in diverse cultural and technological contexts.

Addressing RQ3, cultural intelligence appears in 38.5% of cross-cultural studies as a theoretically
grounded extension of the TPB. The four-dimensional CQ model (metacognitive, cognitive, motivational, and
behavioral) provides a complementary lens to the core TPB that is particularly relevant for diverse STEM
classrooms. This finding supports the inclusion of CQ as a construct warranting dedicated investigation in future
TPB-STEM research.

3.5. Cross-Cultural Variations in TPB Component Strength

Cross-cultural analysis revealed systematic variations in TPB component strength and relative
importance across different cultural contexts as presented in Table 4. Attitude-intention relationships showed
strongest effects in Western individualistic contexts (B = 0.41-0.58), compared to East Asian collectivistic
contexts (B = 0.35-0.52) and Middle Eastern traditional contexts (B = 0.31-0.46). These differences reflected
cultural values emphasizing personal autonomy and individual achievement in individualistic societies versus
collective harmony and authority deference in collectivistic contexts. Statistical significance testing confirmed
these cross-cultural differences (F(5,20) = 12.34, p < 0.001), with post-hoc analyses revealing particularly strong
contrasts between individualistic and collectivistic cultural clusters.

Table 3. Cross-Cultural Variations in TPB Component Strength
Attitude - Subjective PBC -

Cultural Region/ Studies

Context Countries (n) Intention Norms Intention ~ Dominant Influences
p p p
China, Family expectations
East Asian Taiwan, 0.28- . ’
Collectivistic  South 8 0.35-0.52 0.45% 0.31-0.48  Teacher authority,
Korea Group harmony
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Attitude - Subjective PBC -

Cultural Region/ Studies

. Intention Norms Intention ~ Dominant Influences
Context Countries (n) B B B
Malaysia, Religious values,
Sogtheast Indonesia, 4 0.33-0.49 0.31- 0.29-0.44  Social hierarchy,
Asian . 0.42%* .
Vietnam Community support
Western Usa, 0.38- f:crl?\(f)ilzlﬂa?utonomy’
o - Germany, 7 0.41-0.58* 0.18-0.32 ' .
Individualistic . 0.55* achievement,
Australia P
Selfdetermination
European UK Institutional support,
Social ’ 3 0.39-0.51 0.22-0.38  0.35-0.49 Professional norms,
. Germany .
Democratic Equality values
. . Traditional values,
Middle Kuwat, 3 0.31-0.46 0.33-" 027041 Gender roles,
Eastern Pakistan 0.48* .. .
Religious influence
South Ubuntu philosophy,
African . 2 0.37-0.43 0.29-0.39  0.32-0.46 Community support,
Africa .
Resource constraints
Southern Spain Family influence,
pain, 3 0.36-0.48 .25-0.41 0.33-0.47 Professional status,
European Italy

Social recognition
Note: B = standardized path coefficients from structural equation models. *Indicates significantly stronger effect compared to other
cultural contexts (p < 0.05). PBC = Perceived Behavioral Control.

Subjective norms demonstrated the opposite pattern, with significantly stronger effects in collectivistic
cultures. East Asian contexts showed subjective norms effects of f = 0.28-0.45, compared to Western
individualistic contexts of = 0.18-0.32. Middle Eastern and African contexts displayed moderate to strong
subjective norms effects (B = 0.29-0.48), reflecting traditional value systems and community-oriented decision
making. The cultural context X TPB component interaction was statistically significant (F(10,40) = 8.92, p <
0.001, n* = 0.69), indicating that cultural values fundamentally moderate the relative importance of different
motivational factors in STEM education decisions.

Perceived behavioral control effects showed less dramatic but still significant cultural variation.
Western individualistic contexts demonstrated strongest PBC effects (B = 0.38-0.55), consistent with cultural
emphasis on personal agency and self-determination. East Asian contexts showed moderate PBC effects (B =
0.31-0.48), while resource-constrained contexts in Africa and parts of Asia showed somewhat weaker effects (B
= 0.27-0.46), possibly reflecting external constraint recognition. The analysis revealed that cultural values
regarding individual agency, collective responsibility, and environmental constraint recognition significantly
influence how self-efficacy and control beliefs translate into behavioral intentions.

Addressing RQ2, these cross-cultural variations constitute the most substantive finding of this review.
The data provide clear evidence that cultural orientation, rather than geography alone, is the primary moderator
of TPB component strength in STEM education. Individualistic contexts favor attitude and PBC as dominant
predictors, while collectivistic contexts show stronger subjective norms effects. This pattern is consistent across
educational levels and STEM domains, suggesting a generalizable cross-cultural principle for TPB application in
education.

3.6. Cross-Cultural Variations in TPB Component Strength

Analysis of subjective norms effects across educational levels and cultural contexts revealed complex
interaction patterns as detailed in Table 5. Elementary education showed strongest subjective norms effects in
collectivistic contexts (B = 0.35-0.48), with parents and teachers serving as primary influence sources. Age x
subjective norms interactions were significant (F(1,124) = 15.67, p < 0.001), indicating developmental changes
in social influence susceptibility. Secondary education marked a transition period where peer influence peaked
regardless of cultural context, though collectivistic cultures maintained stronger overall subjective norms effects
(B=0.31-0.44) compared to individualistic cultures (f = 0.18-0.32).

Table 4. Subjective Norms Effects by Cultural Context and Educational Level

Educational Cultural Subjective Norms Effect Mediation Role Moderation
Level Context Sources Size (B) Effects
Elementary S Parents (0.45), Full me.dlatlon Age * S.N
. Collectivistic 0.35-0.48  of Family interaction
Education Teachers (0.38) ) .
influence significant
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Educational Cultural Subjective Norms Effect Mediation Rol Moderation
Level Context Sources Size (B) cdiation Role Effects
. . .. Teachers (0.32), Partial Gender x SN
Individualistic Peers (0.28) 0.22-0.35 mediation interaction
Peers (0.42), . .
Collectivistic  Parents (0.33), 031.044 lartial Academic track
Secondary Teachers (0.30) mediation x SN interaction
Education Peers (0.38),
Individualistic Teachers (0.25), 0.18-032 “eak ES x SN
Parents (0.20) mediation interaction
Family (0.40), Partial Major x SN
Collectivistic ~ Faculty (0.35), 0.28-0.41 mediation interaction
Higher Peers (0.28) significant
Education Faculty (0.30), .
Individualistic Peers (0.25), 0.15:028 Minimal Career goals
Family (0.18) mediation SN interaction
Collectivistic Mentor. teacher (0.48), 0.38-0.52 Str01.1g. Experlepce x SN
Teacher SuperV1.sors (0.42) mediation interaction
Education Professional Moderate Self-efficacy x
Individualistic community (0.35), 0.25-0.38 . . y
Mentors (0.28) mediation SN interaction
. Full mediation .
Collectivistic ~ Administrators (043), g 350 47 ingtitutional ~ Sohool climate
. Colleagues (0.38) . SN interaction
Professional influence
Development Professional networks .
Individualistic (0.32), 022.035 lartial Autonomy x SN
mediation Interaction

Peers (0.28)

Higher education contexts demonstrated cultural persistence in subjective norms patterns, with
collectivistic cultures maintaining family and faculty influence (B = 0.28-0.41) while individualistic cultures
showed minimal family influence but maintained professional mentor effects ( = 0.15-0.28). Teacher education
emerged as a special context where professional socialization intensified subjective norms effects across all
cultures, though collectivistic contexts maintained stronger mentor teacher and supervisor influence (f = 0.38-
0.52) compared to individualistic professional community emphasis (B = 0.25-0.38). Multi-level modeling
confirmed significant educational level x cultural context interactions (F(4,18) = 7.23, p < 0.01), supporting the
importance of developmental and cultural factors in social influence processes.

Gender moderation effects were consistently identified across studies, with female participants showing
stronger subjective norms effects in STEM career intention contexts (B difference = 0.12-0.18, p < 0.05).
Socioeconomic status interactions revealed stronger subjective norms effects in lower SES groups across all
cultural contexts, suggesting that resource constraints may increase reliance on social guidance and support.
Academic track and major choice interactions indicated that STEM-specific contexts amplified subjective norms
effects, particularly in cultures where STEM careers carry significant social prestige or family expectations.

In summary, subjective norms follow a developmental trajectory that interacts with cultural context:
parental authority dominates in early childhood, peer influence peaks in adolescence, and professional mentors
gain importance in higher education and career stages. Importantly, collectivistic cultures maintain elevated
subjective norms effects across all educational levels, confirming cultural orientation as a persistent moderator
rather than a developmental phase.

3.7. Research Quality and Methodological Approaches

Quality assessment using the Mixed Methods Appraisal Tool (MMAT) revealed generally strong
methodological rigor across the included studies [23], [24]. Twenty studies (76.9%) achieved high quality scores
(4-5 on the MMAT scale), five studies (19.2%) achieved moderate quality scores (3), and one study (3.8%)
achieved a lower quality score. High-quality studies demonstrated appropriate sampling strategies with adequate
sample sizes for structural equation modeling (minimum n=200), validated instruments with confirmed factor
structures, and sophisticated statistical analyses including measurement model testing and multi-group
comparisons. Moderate quality studies typically had smaller sample sizes or limited instrument validation, while
maintaining acceptable statistical analysis approaches.

Methodological diversity was evident in statistical analysis approaches, with structural equation
modeling employed in 84.6% of studies (n=22), multiple regression analysis in 15.4% (n=4), and mixed-methods
approaches incorporating qualitative components in 11.5% (n=3). Advanced techniques included multi-group
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SEM for cross-cultural comparisons (34.6%, n=9), longitudinal modeling (11.5%, n=3), and mediation analysis
(42.3%, n=11). Most studies (88.5%, n=23) reported adequate model fit indices, with CFI > 0.90, TLI > 0.90,
and RMSEA < 0.08 being common standards. The prevalence of sophisticated analytical approaches reflected
the maturation of TPB research in STEM education contexts and growing recognition of the need for rigorous
cross-cultural validation.

Overall, the high methodological quality of included studies (76.9% scoring 4—-5 on MMAT) provides
confidence in the reliability of the synthesized findings. The prevalence of structural equation modeling (84.6%)
and multi-group SEM (34.6%) reflects growing methodological sophistication in cross-cultural TPB research.
However, the dominance of cross-sectional designs (88.5%) remains a field-wide limitation that constrains
causal inference.

3.8. Identified Research Gaps and Future Directions

Systematic analysis of the included studies revealed significant research gaps requiring attention for
advancing understanding of attitude-intention relationships in STEM education as presented in Table 5.
Temporal dynamics emerged as a critical gap, with only three studies (11.5%) employing longitudinal designs to
examine attitude stability and intention formation over time. The intention-behavior gap received minimal
investigation, with only two studies (7.7%) including behavioral follow-up assessments to examine whether
stated intentions translated into actual STEM engagement or career choices. These methodological limitations
significantly constrain theoretical understanding and practical application of TPB frameworks in educational
intervention design.

Table 5. Research Gaps and Future Directions by Domain and Method
Research Current . Priority Research Methodological
Domain State Identified Gaps Directions Recommendations
Temporal Dynamics

— S-year longitudinal _ Multi-wave panel

Limited cohort studies desions
Longitudinal 3 studies  understanding of = — Critical transition g .
- N . . . . S — Growth curve modelling
studies (10.7%) attitude-intention periods examination E . i
stability over time  — Attitude crystallization XPETIENCe samping
methods
processes
.. — Impl tati . .
Minimal mprementation — Behavioral observation

intention studies

. . i igati ) rotocols
Intention- 2 studies  nvestigation of — Behavioral follow-up prot . .
behavior ea (7.1%) intention Assessments — Digital behavior tracking
gap e translation to | . — Mixed-methods
actual behavior — Intervention approaches

effectiveness tracking

Cultural Mechanisms

' — Indigenous psychology Multi-group SEM
Insufficient approaches _ Culturel orimi
Cross-cultural 8 studies understanding of — Culturespecific model uitura prtlmmg
validation (28.6%) cultural development ]t::)iﬁerlmenhs'
moderators — Acculturation effects oS aP e
. L. components
investigation

— CQ as mediator/

moderator research — CQ-TPB integrated

Limited . models
Cultural 5 studi . ion of — Cultural adaptation -
intelligence stucties 1ntegrat10n © mechanisms B Crogs-cultural training
intecration (17.9%) CQin TPB Intercultural studies
g models nercuttura — Competence assessment
competence
tools
development
Context Specific Applications
- Developmentally _ Age-appropriate
. appropriate measures .
Early Minimal research . . Instruments
. 1 study . — Parent-child attitude .
childhood o in early STEM . — Family system
. (3.6%) g transmission
education education Plavbased STEM approaches
T aybase — Observational methods
intentions
Higher 4 studies  Limited focus on — Intersectionality — Intersectional analysis
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Research Current Identified Gaps Priority Research Methodological
Domain State Directions Recommendations
education (14.3%) diverse student framework integration ~ — Communitybased
diversity populations — Minority student participatory research
experiences — Critical race
— Inclusive pedagogy methodology
intentions
Technological Integration
— Al tool acceptance in — Technology acceptance
. . Emerging STEM education integration
Digital/Al 6 studies hnologi — Digital literacy — Digital behavior
technologies (21.4%) technologies influences analytics
underexplored . . . . .
— Virtual reality learning — Human-Al interaction
intentions studies
— Hybrid learning
Post-pandemic preference formation — Platform usage analytics
Onliqe/hybrid 3 studies Learning — Digital equity — Digital divide analysis
learning (10.7%) modalities considerations ' — Accessibility
— Remote collaboration assessments
intentions
Intervention Development
— Attitude change — Randomized controlled
Lack of theory- intervention design trials
TPB-based 2 studies  driven — Social norm — Implementation science
interventions (7.1%) intervention manipulation studies frameworks
studies — Self-efficacy — Process evaluation
enhancement programs methods

— Sustained behavior
change tracking
— Transfer to classroom

— Multi-level intervention

Limited long-term designs

Professional 5 studies

ffecti . - i i
development (17.9%) effectiveness practice Social I}etwork antellys1s
evidence . — Professional learning
— Peer learning network "
communities
effects
Measurement Innovation
— STEM subdomain- — Item response theory
. . ifi 1 licati
Domain- 12 Need for validated SPECTIIC scates apphications
. . . — Culturally adapted — Crosscultural
specific studies context-specific . . .
. o mstruments measurement invariance
instruments (42.9%) measures o
— Technology-enhanced ~ — Mobile/digital
assessments assessment tools

— Implicit association

tests fo STEM — Reaction time paradigms

. . No investigation . . — Neuroimagin
Implicit 0 studies  INVEStg — Unconscious bias Eing
o of implicit approaches
measures (0%) . . . measurement . T
attitudes/intentions . . — Behavioral implicit
— Automatic attitude
o measures
activation

Cultural mechanism investigation remained underdeveloped despite the clear evidence of cross-cultural
variation in TPB component strength. Eight studies (30.8%) included cross-cultural validation components, but
insufficient attention was paid to understanding the psychological and social mechanisms underlying cultural
differences. Cultural intelligence integration appeared in only five studies (19.2%), representing a significant
missed opportunity given the increasing diversity in STEM educational contexts. Early childhood education was
severely underrepresented with only one study (3.8%), despite the importance of early attitude formation for
later STEM engagement patterns.

Technological integration gaps were particularly notable given the rapid digitalization of STEM
education. Six studies (23.1%) incorporated digital or Al technologies, while only three studies (10.7%)
examined online or hybrid learning modalities that became prevalent during and after the COVID-19 pandemic.
Intervention development represented perhaps the most critical gap, with only two studies (7.1%) employing
TPB frameworks for designing and testing attitude change interventions. Measurement innovation showed
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concerning limitations, with no studies employing implicit measures of attitudes or intentions, potentially
missing unconscious cognitive processes that influence STEM engagement decisions. These gaps highlight the
need for comprehensive research programs addressing temporal, cultural, technological, and methodological
advances in TPB-STEM education research. Taken together, these gaps reveal a field that has established strong
cross-sectional evidence for TPB in STEM education but has yet to address the longitudinal, behavioral, and
geographic dimensions necessary for a complete theoretical account. The three research questions guiding this
review were designed precisely to address the most critical among these gaps (cross-cultural synthesis, cultural
moderators, and cultural intelligence) which the following Discussion section interprets and contextualizes.

The findings of this systematic review provide compelling evidence for the robust applicability of the
Theory of Planned Behavior across diverse STEM education contexts. The universal presence of all three core
TPB components, namely attitude, subjective norms, and perceived behavioral control, across all 26 included
studies validates Ajzen's [6] foundational propositions while extending their relevance to contemporary
educational challenges. Importantly, however, this review moves beyond mere validation. The systematic cross-
cultural variation in component strength constitutes a meaningful theoretical refinement of the original TPB
model. Specifically, the data suggest that the relative weighting of TPB components, rather than their mere
presence, is culturally conditioned. This finding aligns with meta-analytic evidence from organizational behavior
[25] but has not previously been demonstrated systematically in STEM education contexts. The implication is
theoretically significant: a culturally calibrated TPB, in which component weights are modulated by cultural
orientation indices, would provide substantially greater predictive precision than the culture-neutral original
model. Future theoretical work should explore how Hofstede's cultural dimensions [26] can be formally
integrated into extended TPB specifications for STEM education research.

The integration of extended constructs beyond core TPB components further reveals the evolving nature
of behavioral intention research in STEM education. Cultural intelligence emerged as a particularly significant
extension in 38.5% of studies examining cross-cultural contexts, indicating that intercultural competence has
become essential for STEM engagement in increasingly diverse educational environments [27], [28]. Similarly,
the frequent inclusion of self-efficacy as a separate construct in 61.5% of studies suggests that Bandura's social
cognitive theory [29] complements TPB by providing additional explanatory power for understanding
confidence-related factors in STEM domains [30]. The emergence of readiness factors and environmental
support variables reflects contemporary recognition that traditional TPB components alone may be insufficient
for explaining complex educational decisions in technologically advanced and culturally diverse learning
environments [31]. This theoretical evolution demonstrates how established frameworks adapt to address modern
educational challenges while maintaining their core explanatory value.

The systematic cross-cultural analysis revealed profound variations in TPB component strength that
challenge assumptions about universal applicability of motivational theories in education. Collectivistic cultures
consistently demonstrated stronger subjective norms effects (f = 0.28—0.48) compared to individualistic cultures
(B = 0.18-0.32), reflecting fundamental differences in social orientation and decision-making processes [32].
These cultural variations extend beyond simple East-West dichotomies to encompass complex patterns involving
religious values, economic development levels, and historical educational traditions. The finding that Middle
Eastern and African contexts showed moderate to strong subjective norms effects while maintaining distinct
cultural characteristics suggests that collectivistic orientation may be a more important predictor than
geographical region or economic status alone. This cultural specificity has important implications for designing
culturally responsive STEM education programs that acknowledge and leverage local social dynamics rather
than imposing universal approaches [16], [33].

The cultural intelligence (CQ) findings advance the literature in a particularly important direction.
While prior studies have examined CQ in organizational and intercultural training contexts [34], [35], [36], this
review is the first to establish that CQ operates as a systematic moderating variable within the TPB framework
specifically in STEM education. Studies incorporating CQ demonstrated that students with higher CQ levels
were better able to adapt their STEM engagement strategies to diverse cultural environments [37], [38], [39],
leading to more positive attitude-intention relationships. Among the four CQ dimensions, metacognitive CQ
showed the strongest effects in academic settings, consistent with Ang et al.'s [40] proposition that metacognitive
CQ most directly affects cross-cultural judgment and decision-making. Compared to prior reviews that treat CQ
as a general competence [34], this synthesis reveals that the motivational and behavioral CQ dimensions are
particularly relevant for STEM intention formation, as they reflect active engagement with culturally diverse
STEM environments rather than passive knowledge acquisition. This distinction has direct implications for
teacher training program design and warrants dedicated empirical investigation in future studies.
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Table 6. Cultural Intelligence Integration in STEM Education Contexts

Supporting
Evidence

38.5% of cross-

CQ Dimension STEM Application Educational Implications

Awareness of cultural learning Develop reflective practices

Metacognitive CQ  styles and problem-solving about cultural influences on ltural studi
approaches STEM thinking cuttural studies
Knowledge of cultural values

Cognitive CQ regarding education, Integrate cultural knowledge 38.5% of cross-
achievement, and career into STEM curriculum design  cultural studies
aspirations

Drive to engage with culturally
Motivational CQ  diverse STEM environments
and challenges

Ability to ad.apt STEM Develop adaptive behavioral
communication and

Y -
Behavioral CQ . skills for diverse STEM 30.8% of Cross
collaboration styles across cultural studies

workplaces

Foster intercultural motivation 34.6% of cross-
for STEM collaboration cultural studies

cultures

The analysis of subjective norms effects across educational levels revealed complex developmental
patterns that significantly inform our understanding of social influence in STEM decision-making. Elementary
education showed the strongest subjective norms effects across all cultural contexts, with parents and teachers
serving as primary influence sources, consistent with developmental psychology literature indicating high adult
authority influence during early childhood [41], [42]. The transition to secondary education marked a critical
period where peer influence peaked regardless of cultural context, though collectivistic cultures maintained
stronger overall social influence patterns throughout this stage [43], [44]. This developmental shift has profound
implications for STEM intervention timing, suggesting that family-focused interventions may be most effective
in elementary years, while peer-based approaches become crucial during adolescence. Higher education contexts
demonstrated cultural persistence in social influence patterns [45], with collectivistic cultures maintaining strong
family influence even during university years, while individualistic cultures showed decreased family impact but
sustained professional mentor influence.

The persistence of subjective norms effects into professional contexts, particularly in teacher education
and professional development, highlights the continuing importance of social factors in career-long STEM
engagement [46], [47]. Studies examining teacher preparation programs revealed that mentor teachers and
supervisors maintained significant influence on STEM teaching intentions, with effect sizes comparable to those
observed in student populations [48], [49]. This finding challenges assumptions that professional autonomy
eliminates social influence, and instead suggests that different authority figures become relevant at different
career stages. The moderating effects of gender, socioeconomic status, and academic achievement on these
relationships further underscore the complexity of social influence patterns and the need for targeted
interventions that consider multiple demographic and contextual factors simultaneously [50], [51]. Generalizing
across the evidence, a developmental continuum of social influence emerges in which family authority is
dominant in elementary stages, peer influence peaks in secondary education, and professional mentorship gains
primacy in higher education and career contexts. This continuum is culturally modulated in that collectivistic
contexts show higher overall social influence at every stage, but the developmental sequence itself appears
culturally universal, offering a robust framework for stage-targeted STEM interventions.

The limited representation of technology-focused studies (23.1%) in the current literature represents a
significant gap given the rapid digitalization of STEM education, particularly following the COVID-19
pandemic. The studies that did examine technology integration revealed important insights about how digital
competence influences STEM engagement and career intentions. Pre-service teachers with higher perceived ICT
competencies demonstrated significantly stronger STEM teaching intentions, with ICT competencies explaining
43% of the variance in integrated STEM teaching intentions [52], [53]. This finding suggests that technological
self-efficacy has become an essential component of STEM readiness that traditional TPB models may not
adequately capture. Indeed, the evidence suggests that technological self-efficacy has emerged as a de facto
fourth component in contemporary extended TPB models for STEM education [54], though its theoretical status,
whether as a sub-dimension of perceived behavioral control or as an independent construct.

Online and hybrid learning modalities [55], which became prevalent during the pandemic, introduced
new variables into attitude-intention relationships that require theoretical consideration. The limited research
examining these contexts revealed that students' intention to engage in online STEM learning varied significantly
across cultural contexts [56], with students from collectivistic cultures showing higher acceptance of structured
online modalities compared to counterparts from individualistic contexts, possibly reflecting different
orientations toward technology-mediated authority and educational structure [57], [S8]. These findings highlight
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the need for updated theoretical models that incorporate digital literacy, technology acceptance, and online
learning preferences as factors influencing STEM engagement. .

The synthesis of findings provides strong support for culturally responsive approaches to STEM
education that acknowledge and leverage cultural diversity rather than attempting to overcome it. The evidence
that different cultural contexts emphasize different TPB components suggests that effective STEM education
must be tailored to local cultural values and social structures [59], [60], [61]. In collectivistic contexts,
interventions focusing on family engagement, community support, and social recognition may be more effective
than individual-focused approaches emphasizing personal achievement and autonomous decision-making.
Conversely, individualistic contexts may benefit from interventions emphasizing personal agency, individual
goal-setting, and self-directed learning opportunities. This cultural specificity extends beyond broad cultural
categories to include considerations of socioeconomic status, religious values, and local educational traditions.

The emergence of Ethno-STEM approaches in several included studies provides a promising
framework for integrating cultural responsiveness with rigorous STEM content [18], [19], [62]. These
approaches explicitly connect STEM concepts with local cultural knowledge, traditional practices, and
community problems, creating more relevant and engaging learning experiences for students from diverse
backgrounds. The evidence suggests that such culturally grounded approaches can enhance both STEM learning
outcomes and cultural pride, creating positive feedback loops that strengthen long-term STEM engagement [63],
[64]. However, the limited research on Ethno-STEM effectiveness highlights the need for more systematic
investigation of how cultural integration affects attitude-intention relationships and ultimate STEM career
pursuit.

The methodological analysis revealed both strengths and limitations in current approaches to studying
attitude-intention relationships in STEM education. The prevalence of sophisticated statistical techniques,
including structural equation modeling (84.6% of studies) and multi-group analyses (34.6%), demonstrates the
field's commitment to rigorous quantitative analysis. However, the lack of longitudinal designs in only 11.5% of
studies significantly limits understanding of how attitudes and intentions develop and change over time. This
temporal limitation is particularly problematic given evidence that STEM interests often crystallize during
adolescence and may fluctuate in response to educational experiences, social influences, and broader societal
factors. The predominance of cross-sectional designs also limits understanding of causal relationships and the
effectiveness of interventions designed to improve STEM engagement.

The absence of implicit measures represents another significant methodological limitation, as conscious
self-reports may not capture unconscious biases, stereotypes, or cultural influences that affect STEM
engagement. Research in social psychology has demonstrated that implicit attitudes often predict behavior
beyond explicit measures [21], particularly in contexts involving social sensitivity or cultural expectations. The
integration of implicit association tests, reaction time measures, or neuroimaging approaches could provide
valuable insights into unconscious factors that influence STEM decisions. Additionally, the limited use of
mixed-methods approaches in only 11.5% of studies represents a missed opportunity to understand the lived
experiences and cultural contexts that shape quantitative patterns.

This systematic review identified several critical gaps that limit current understanding of attitude-
intention relationships in STEM education. The intention-behavior gap emerged as perhaps the most significant
limitation, with only 7.7% of studies including behavioral follow-up assessments to examine whether stated
intentions translated into actual STEM engagement or career choices. This gap is particularly consequential
given extensive research in other domains demonstrating that intentions often fail to predict behavior, especially
over extended time periods or when facing unexpected obstacles. Future research should prioritize longitudinal
designs that track students from intention formation through actual behavior, examining the factors that facilitate
or impede intention implementation. The limited geographic representation, with 42.3% of studies from Asia-
Pacific regions and minimal representation from Africa, Latin America, and indigenous communities, constrains
the generalizability of findings to global STEM education contexts. This geographic bias may reflect both
publication patterns and research capacity differences, but it results in limited understanding of how attitude-
intention relationships operate in diverse global contexts. Similarly, the underrepresentation of early childhood
education in only 3.6% of studies represents a significant gap given evidence that STEM attitudes begin forming
during preschool years and may be more malleable at younger ages. Future research should prioritize
understudied populations and contexts while developing culturally appropriate measurement tools and
intervention strategies.

The rapid pace of technological change, particularly following the COVID-19 pandemic, has created
new challenges and opportunities for STEM education that current research has barely begun to address. The
integration of artificial intelligence, virtual reality, and other emerging technologies into STEM learning
environments may fundamentally alter attitude-intention relationships in ways that existing theoretical
frameworks do not adequately capture. Similarly, growing awareness of climate change, sustainability, and
global challenges may influence how students perceive STEM relevance and career attractiveness. Future
research should examine how these macro-level changes affect individual-level motivation and decision-making
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in STEM domains. Based on these limitations, the following specific recommendations are proposed for future
research: (1) adopt longitudinal designs tracking students from intention formation to actual STEM career entry;
(2) expand geographic representation to include Africa, Latin America, and indigenous communities through
purposive international collaborations; (3) integrate mixed-methods approaches combining TPB surveys with
ethnographic and narrative inquiry to capture lived cultural experiences; (4) develop and validate culturally
specific TPB instruments for underrepresented regions rather than adapting Western-developed scales; and (5)
examine how emerging digital and Al-mediated learning environments alter the salience of traditional TPB
components, particularly perceived behavioral control and subjective norms.

This study makes three novel contributions to the literature. First, it is the first systematic review to
explicitly examine cross-cultural variations in TPB component strength across multiple cultural clusters within
STEM education, moving beyond simple collectivism-individualism dichotomies to reveal more granular
cultural patterns involving religious values, economic development levels, and historical educational traditions.
Second, it is the first review to synthesize cultural intelligence as a systematic moderating variable within the
TPB-STEM nexus, establishing a theoretically grounded link between intercultural competence research and
STEM education motivation. Third, the study demonstrates that extended TPB models incorporating self-
efficacy, readiness, and environmental support factors provide significantly enhanced explanatory power over
the core model across diverse cultural contexts, contributing a culturally adaptive framework for future STEM
intervention design. These advances extend Ajzen's original TPB by contextualizing it within the realities of
multicultural 21st-century STEM education, and provide a foundational evidence base for the development of a
culturally calibrated TPB model as a new theoretical direction for the field.

The findings provide several actionable insights for educators seeking to enhance STEM engagement
among diverse student populations. The evidence for cultural variation in TPB component strength suggests that
effective interventions must be tailored to local cultural contexts rather than applying universal approaches [65],
[66]. In collectivistic cultures, interventions should emphasize family engagement, community connections, and
social recognition of STEM achievement, while individualistic cultures may benefit from approaches
emphasizing personal agency, individual goal-setting, and autonomous learning opportunities. The critical role
of self-efficacy across all cultural contexts suggests that building confidence through mastery experiences,
vicarious learning, and supportive feedback should be universal priorities regardless of cultural background.

The importance of subjective norms, particularly in collectivistic cultures and during adolescence,
highlights the need for comprehensive approaches that engage multiple stakeholders in STEM promotion efforts.
Teacher professional development programs should prepare educators to work effectively with families and
communities, understanding how cultural values influence educational priorities and career aspirations. School
administrators should consider how institutional policies and practices either support or undermine culturally
responsive STEM education, including hiring practices that ensure diverse role models, curriculum decisions that
incorporate local knowledge and contexts, and assessment approaches that recognize diverse forms of STEM
competence. Policymakers should recognize that simple interventions focused solely on attitude change are
unlikely to be sufficient for increasing STEM participation, particularly among underrepresented groups. The
evidence for complex mediating and moderating relationships suggests that effective policy must address
multiple levels simultaneously, including individual factors such as self-efficacy [67] and cultural intelligence
[14], social factors such as family support and peer influences, and institutional factors such as school climate
[68] and resource availability. International cooperation and knowledge sharing may be particularly valuable
given the global nature of STEM challenges and the evidence for successful approaches in diverse cultural
contexts.

At the classroom level, teachers in multicultural STEM settings should be equipped with cultural
intelligence competencies through both pre-service and in-service training programs that go beyond generic
diversity awareness [69], [70]. Specifically, programs should develop teachers' metacognitive CQ, the capacity
to reflect on how cultural assumptions shape their own STEM instruction, as well as behavioral CQ that enables
adaptive communication across cultural groups. At the policy level, governments should move beyond universal
STEM pipeline models toward culturally differentiated strategies [71]: collectivistic societies require family and
community engagement campaigns, while individualistic contexts benefit most from programs that reinforce
individual agency and autonomy. These evidence-based distinctions can significantly improve the return on
investment in national STEM education initiatives and ensure that no cultural group is systematically left behind
in global STEM participation.

4. CONCLUSION

This systematic review synthesized evidence from 26 peer-reviewed empirical studies across 15
countries to examine attitude-intention relationships in STEM education through the Theory of Planned Behavior
framework, directly addressing three research questions on cross-cultural TPB component strength, cultural
moderating factors, and the role of cultural intelligence. In response to RQ1, the review confirms that all three
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core TPB components, namely attitude, subjective norms, and perceived behavioral control, are consistent and
significant predictors of STEM intentions across diverse cultural and educational contexts. The universality of
these components validates the foundational applicability of TPB in STEM education. In response to RQ2, cross-
cultural analysis reveals that cultural orientation is the primary moderator of TPB component strength:
collectivistic cultures demonstrate stronger subjective norms effects (B = 0.28-0.48) while individualistic
cultures show stronger attitude effects (p = 0.41-0.58), a pattern that holds consistently across educational levels
and STEM domains. In response to RQ3, cultural intelligence emerges as a theoretically meaningful extension of
the TPB in 38.5% of cross-cultural studies, with metacognitive and motivational CQ dimensions showing the
strongest relevance for STEM intention formation.

The primary theoretical contribution of this review is the proposal of a culturally calibrated TPB as a
necessary refinement of Ajzen's original model for application in multicultural STEM education. Rather than
treating cultural context as background noise, this review demonstrates that cultural orientation systematically
modulates the relative weights of TPB components, suggesting that future TPB-based STEM research and
intervention design should explicitly incorporate cultural orientation indices as structural parameters. This
represents a meaningful conceptual advance beyond existing reviews that apply TPB as a culture-neutral
universal framework. For educators and policymakers, the most immediate implication is the inadequacy of one-
size-fits-all STEM promotion strategies. Effective interventions in collectivistic societies must engage families,
communities, and social networks as primary influence channels, while individualistic contexts require strategies
that strengthen personal agency, self-efficacy, and autonomous goal-setting. Across all cultural contexts,
building students' cultural intelligence alongside technical STEM competencies emerges as a priority for 21st-
century STEM education in diverse settings.
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