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1. INTRODUCTION

In the realm of education, science, technology, engineering, and mathematics (STEM) fields have
gained significant attention due to their pivotal role in preparing students for the demands of the modern
workforce and fostering innovation [1]-[3]. Central to the success of STEM education are the teachers,
whose perceptions [4]-[7], commitment [8]-[11], and beliefs [12]-[15] play a crucial role in shaping the
learning experiences and outcomes of the students. Understanding how teachers perceive, commit to,
and believe in STEM education is paramount for developing effective teaching strategies and educational
policies [12], [16]-[19].

There are numerous studies that have been conducted around the world on teachers’ perceptions,
commitments, and beliefs towards STEM education. Therefore, this study explores the factors that shape
teachers’ perceptions of STEM that influence their attitudes and teaching decisions in STEM education
practices and assesses teachers’ commitment to STEM education. The study explored the findings of past
studies using relevant systematic literature reviews from 2013 to 2024. This study was conducted to address
the following research questions:

i) What are the factors influencing teachers’ perceptions of STEM education, and how do these factors
influence their teaching attitudes and decisions?

ii) How commitment of teachers to STEM education affect the effectiveness of STEM education in
teaching practice?

iii) How belief of teachers to STEM education affect the effectiveness of STEM education in teaching
practice?
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This study is important for various stakeholders, including educators, students, policymakers, and
society as a whole. By understanding the factors that influence teachers’ perceptions, commitment, and
beliefs towards STEM education, we can take appropriate steps to enhance the quality of STEM teaching and
learning [20]-[23]. The findings of this study provide guidance on how to improve teachers’ skills and
confidence in STEM education. Continuous professional training and support from schools can help teachers
become more effective in their teaching, which in turn enhances students’ achievement in STEM fields
[24]-[26]. This is crucial because teachers are the cornerstone of successful STEM education. Furthermore,
students benefit greatly when their teachers are more confident and committed to teaching STEM [10], [19],
[27], [28]. Teachers with positive perceptions of STEM education tend to adopt more innovative and
interactive teaching approaches, making learning more engaging and effective. This not only increases
students’ interest in STEM subjects but also helps them understand and master concepts that are essential for
their future [29]-[32].

For policymakers, this study provides critical information for designing more effective educational
policies [17], [33], [34]. Understanding the factors that influence teachers' perceptions and commitment to
STEM can help policymakers develop better training programs and support systems, ensuring that necessary
resources are always available. This is vital to ensure that the education system can produce a knowledgeable
and highly skilled workforce in STEM fields, which is essential in the modern economy [35]-[38].

This study, through the systematic literature review (SLR) analysis, is important because it provides
clear guidance on how to strengthen STEM education by deeply understanding teachers’ perceptions,
commitment, and beliefs. Improving these aspects ensures more effective STEM education, greatly
benefiting all involved parties. The aim is to contribute to the growing body of knowledge surrounding
teacher perceptions, commitment, and beliefs in STEM education. By synthesizing diverse perspectives and
empirical evidence, this study offers practical recommendations for policymakers, educational leaders, and
practitioners striving to cultivate a robust STEM learning environment. Ultimately, fostering a deeper
understanding of the factors influencing teacher practice in STEM education works towards ensuring
equitable access and meaningful learning experiences for all students.

2. METHOD

The systematic review approach was used in three basic stages to choose several relevant papers for
this study. The initial stage is to discover keywords and search for synonyms using thesaurus, encyclopedias,
dictionaries, and past research. After all pertinent phrases have been selected and are displayed in Table 1,
search strings for the databases Scopus and Web of Science (WoS) have been produced. The current study
effort effectively pulled 562 papers from the Scopus database and 2 papers from the WoS databases during
the first step of the systematic review approach.

Table 1. The search strings

Database Search equation

Scopus TITLE-ABS-KEY (( "Teacher perceptions" OR "Teacher attitudes" OR "Teacher beliefs" ) AND ( "Teacher commitment"
OR "Teacher motivation" OR "Teacher engagement" ) AND ( "STEM education" OR "STEM learning" OR "STEM" ) )
AND ( LIMIT-TO ( SUBJAREA , "SOCI" ) ) AND ( LIMIT-TO ( DOCTYPE , "ar") ) AND ( LIMIT-TO ( LANGUAGE ,
"English" ) )
Access date: 5 Mar. 2024
Web of ALL=(("Teacher perceptions” OR "Teacher attitudes" OR "Teacher beliefs") AND (“Teacher commitment" OR "Teacher
Science motivation" OR "Teacher engagement™) AND ("STEM education” OR "STEM learning" OR "STEM"))
Access date: 5 Mar. 2024

2.1. Screening

Paper duplicates should be screened out in the first round of screening. The researchers developed
several inclusion and exclusion criteria, and they were used to filter 382 papers in the second phase. In the
first phase, no articles were excluded. Since literature is the primary source of usable knowledge, research
articles made up the first criterion. It also entails removing from the present investigation books, chapters,
book series, reviews, and conference proceedings. Furthermore, the review only included papers written in
English. Moreover, certain phrases are restricted to searches for pertinent articles alone. Recognizing that the
schedule was chosen with a ten-year timeline (2013-2024) in mind is crucial. Based on certain criteria, 180
publications in total were removed.
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2.2. Eligibility

A total of 2,830 items have been created for the eligibility level, the third level. At this stage, each
article's title and key contents were closely scrutinized to ensure that the inclusion criteria were satisfied, and
the papers aligned with the objectives of the current study. Consequently, two papers were eliminated since
they were not articles of pure science substantiated by empirical facts. In conclusion, Figure 1 shows that 28
papers are available for review as shown in Table 2.

Table 2. The selection criterion is searching

Criterion Inclusion Exclusion
Language English Non-English
Time line 2013-2024 <2013
Literature type  Journal (Article)  Conference, Book, Review
Subject area Social science Beside social science

2.3. Data abstraction and analysis

One of the assessment methods used in this study was an integrative analysis, which looked at and
synthesized a range of research designs (qualitative, mixed, and quantitative). The competence study's
objective was to determine pertinent subjects and subtopics. The initial step of the theme's development was
the data collection phase. The process by which the authors carefully examined a set of 28 articles in quest of
claims or information pertinent to the subjects they were researching is depicted in Figure 1. Important new
research on teachers' perceptions, commitments and beliefs in STEM Education was then assessed by the
authors. Investigations focus on the research findings and the methods applied in each study. After that, the
writer worked with other writers to create themes derived from the information.

é Record identifies through Scopus and WoS searching
8 Scopus (n =562), WoS (n =2)
=
£
\ 4
Duplicate record are removed (n=0)
[o2]
£
= A
S Records after screened
@ Scopus (n= 562), WoS (n=2)
(Total =564) Records excluded
¢ Follow the criterion;
removed Non-English, < 2013
£ Atrticle access for eligibility Conference, Book, Review
iS] Scopus (n=382), WoS (n=2) > Beside Social Science
-U_Ej (Total=384) (n=180)
v Full text excluded
- Due to the out of field (112)
S Studies included in qualitative analysis _ Title not significantly (20)
2 (n=28) 7| Abstract not related on the objective of
= the study (20)
(n=150)

Figure 1. Flow diagram of the proposed searching study

3. RESULTS AND DISCUSSION

Findings from the study conducted from 2013 to 2024 through SLR method have been summarized
in Table 3. The research findings indicate insights from teachers' perceptions, commitments, and beliefs in
implementing STEM education. Through systematic literature analysis, valuable perspectives from teachers
describing pedagogical practices and factors shaping teachers' perceptions that influence attitudes and actions
towards STEM Education were discovered.
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Table 3. Relevant research findings

No.  Study Research findings

1. [11]  The study examines STEM teachers' self-efficacy and commitment across multiple roles, showing varying levels
influenced by teaching experience, with disseminator self-efficacy notably impacting commitment.

2. [39]  The study examines integrated STEM education's importance in 21st-century literacy and student engagement in
Ireland. It delves into primary school teachers' views through interviews with six teachers. The findings aim to
evaluate the actual implementation of integrated STEM education.

3. [40]  The study explores K-8 pre-service teachers' readiness to teach computer science, particularly programming.
Maker-focused educational robotics activities enhance teachers' motivation for STEM learning. Despite a decline
in programming comprehension within six months, teachers' motivation increases, emphasizing the need to
integrate programming instruction into pre-service teacher curricula.

4. [41]  This study focuses on assessing teachers' readiness for STEM education using the TRi-STEM scale, validated for
teachers in Greece. The scale comprises four dimensions: affective conditions, cognitive conditions, self-efficacy,
and STEM commitment.

5. [42]  This study highlights the necessity for STEM teachers to cultivate self-efficacy and commitment across diverse
roles to improve integrated STEM education.

6. [43]  The study illustrates how an active learning module enhances STEM teachers' understanding and confidence in
action research, yet logistical challenges may impede its implementation.

7. [44]  The study analyzes factors influencing teaching career choices, noting intrinsic, altruistic, and extrinsic motives,
with gender differences. Women prioritize intrinsic and altruistic reasons, while men favor extrinsic factors,
influenced more by social norms, impacting their preferences. Women express greater career satisfaction and less
discouragement. To improve diversity, especially in STEM and among males, targeting undecided potential
teachers is advised.

8. [45]  The study analyzes the impact of job resources, demands, and self-efficacy on American STEM teachers' job
satisfaction. Job resources significantly contribute to enhancing their job satisfaction.

9. [46]  The study integrates teachers' personal factors and school context to understand STEM teaching practices. A
survey of 333 science teachers reveals relationships between these factors and integrated teaching practices.

10. [47]  The study explores the influence of school support and teachers' STEM knowledge on their self-efficacy and
attitudes in teaching science through integrated STEM approach. Findings emphasize the importance of school
support and self-efficacy in enhancing teachers' engagement in STEM teaching.

11. [48]  This study examines the relationship between teachers' self-efficacy and their intention to implement STREAM
teaching, indicating a direct influence on teaching practices.

12. [49]  The study found that principals with STEM majors significantly improved secondary STEM teacher retention.

13. [50]  Qatari primary school teachers were initially unprepared for project-based learning (PjBL) due to poor policy
communication, leading to low confidence and understanding. Supportive environments, however, fostered
positive attitudes towards PjBL.

14. [51]  Teachers' social-emotional competence and commitment influenced students' prosocial behavior and community
engagement, moderated by social justice beliefs and child gender.

15. [52]  The study explored science teachers' adoption of robotics in STEM education, finding positive correlations with
perceived usefulness and ease of use. Intrinsic motivation, like autonomy, also influenced adoption.

16. [53]  The study investigates how a cross-disciplinary program enhances pre-service teachers’ readiness to integrate
engineering in classrooms, boosting confidence and beliefs, thus increasing their intention to integrate it.

17. [54]  The study explores early childhood teachers' commitment to implementing ‘Tools of the Mind’ finding belief in
program benefits predicts commitment.

18. [55]  The study explores how high school science and math teachers' background, beliefs, and practices impact
students' motivation, persistence, and achievement in STEM.

19. [56] The study explores teachers' experiences in a Virtual Pivot PD workshop during COVID-19, emphasizing
elements enhancing computational thinking integration.

20. [57]  The study found skepticism about scientific content relevance linked to lower preference for scientific sources.
Enthusiastic teachers showed less skepticism.

21. [58]  The study in China found that teacher training positively influenced new STEM teachers' perceived competence,
mediated by teaching beliefs.

22. [59]  The study delves into teachers' experiences with interdisciplinary project-based learning, highlighting evolving
beliefs, fluctuating motivation, and crucial support needs.

23. [60] The study validated TPACK-Games and GTBS instruments. Elementary teachers showed higher game
pedagogical knowledge and stronger beliefs in game-based learning.

24. [61]  The study investigates a STEM teacher's emotional professional identities under China's STEM education reform,
revealing intertwined positive and negative emotions shaping her identities.

25. [62] The study examines Dutch STEM teachers' attitudes towards supervising research and design projects,
highlighting high self-efficacy and advocating for comprehensive teacher education.

26. [63] The study explores STEM instructors' awareness and use of evidence-based instructional practices, revealing
limited implementation due to perceived barriers influenced by faculty gender and pedagogical beliefs.

27. [64] The study presents an effective project-based approach in literacy and social studies, fostering student skills
through creating community brochures.

28. [65]  The study investigates how preschool teachers leverage play-based environments for science teaching, revealing

varying levels of engagement and awareness.

Furthermore, understanding the extent of teachers' commitment to STEM education is crucial in
recognizing the dedication and resources invested in fostering student learning and exploring teachers' beliefs
provides a deeper understanding of teaching practices in STEM education. Findings from the SLR also reveal
teachers' beliefs about STEM disciplines, their roles in development, teaching strategies that significantly
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impact classroom dynamics, and learning outcomes. By examining the alignment between teachers' beliefs
and effective STEM pedagogy, this review aims to identify areas where professional development initiatives
can enhance educator effectiveness and student engagement.

3.1. What are the factors influencing teachers’ perceptions of STEM education, and how do these
factors influence their teaching attitudes and decisions?

Findings from the systematic literature review conducted between 2013 and 2024, there were 10
articles have highlighted the significance of understanding teachers' perspectives on STEM education.
Teachers' views on STEM education are notably shaped by various factors that can influence their attitudes
and decisions regarding its implementation. Recent studies have identified several key factors affecting
teachers' perceptions of STEM education. One such factor is the challenges teachers face in authentically
integrating STEM subjects, which affect their confidence in effectively carrying out STEM education.
Incomplete integration can lead to confusion and a lack of confidence among teachers, hindering their full
adoption of STEM approaches [39]. Furthermore, STEM-focused training such as robotics activities can
enhance teachers' motivation for STEM learning. However, a decrease in understanding of specific concepts
without continuous training underscores the need for ongoing professional development programs to
maintain high levels of readiness and motivation [40].

Another factor is school support, including administrative and peer support, which is critical in
enhancing teachers' self-efficacy and commitment to STEM education. Without sufficient support, teachers
may feel overwhelmed and less enthusiastic about implementing STEM teaching [41]. Additionally, STEM
teachers play various roles such as implementers, disseminators, and designers. Therefore, their self-efficacy
and commitment vary depending on the role played. Teachers with high self-efficacy in specific roles are
more likely to be committed and effective in implementing STEM education [42].

The use of training modules that incorporate active learning and action research can enhance
teachers' self-efficacy and knowledge of STEM teaching processes. However, logistical challenges such as
time constraints and resource limitations need to be addressed to ensure the effectiveness of such training
[43]. Other factors influencing motivation to become STEM teachers are intrinsic, altruistic, and extrinsic
factors, with noticeable gender differences. Women tend to be influenced by intrinsic and altruistic factors,
while men are more likely influenced by extrinsic factors. Social norms and expectations also influence their
decisions in choosing specific teaching fields [44].

Moreover, studies also indicate that job resources, job demands, and self-efficacy play crucial roles
in determining job satisfaction among STEM teachers. Job resources are found to be the most significant
factor affecting teachers' job satisfaction, highlighting the importance of providing adequate support to
teachers [45]. Another factor affecting teachers' perceptions is understanding integrated teaching practices.
Studies suggest integrated models that consider personal beliefs, self-efficacy, attitudes, and school contexts
to understand how changes in these factors can lead to changes in STEM teaching practices [46].

The final factor is teachers' attitudes and beliefs toward integrated STEM teaching, which are also
influenced by school support and their knowledge of STEM. Improvement in STEM knowledge and peer
support can enhance teachers' self-efficacy and attitudes toward STEM teaching [47]. In conclusion, to
enhance STEM education, it is important to understand and address the factors influencing teachers'
perceptions. Providing adequate support in the form of professional training, quality learning resources, and
supportive school environments can help overcome the challenges faced by teachers. Additionally,
understanding teachers' roles and identities and providing continuous professional development programs can
enhance their self-efficacy and commitment to STEM education. With this comprehensive approach, STEM
education can be strengthened, ensuring that teachers feel more prepared and confident in implementing
STEM teaching practices [48].

3.2. How commitment of teachers to STEM education affect the effectiveness of STEM education in
teaching practice?

Through a systematic literature review, 9 articles have been identified focusing on findings related
to the increasing emphasis on the crucial role of teacher commitment to STEM in teaching practice. Teacher
commitment to STEM education plays a vital role in shaping the effectiveness of STEM education in
teaching practice. Teachers are steadfast in their commitment to teaching and learning STEM if school
leaders have backgrounds in STEM fields [49]. However, challenges arise when teachers are not ready for
new pedagogical approaches, such as project-based learning (PjBL), due to a lack of clear communication or
policy changes regarding new teaching strategies not being clearly conveyed to teachers. In such cases,
teachers may face a lack of confidence and struggle to deliver STEM teaching and learning to students [50].

Furthermore, teachers' commitment to empowering students' emotional, social, and academic
aspects reflects their dedication to implementing STEM education holistically. This shows that committed
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teachers not only focus on academic aspects alone but also on the holistic development of students, including
their socioemotional aspects [51]. Similarly, teachers’ commitment to the use of robotics in STEM teaching
and learning is notable. Teacher commitment tends to drive teachers to strive to understand the importance
and benefits of using technology such as robotics in teaching. Teachers’ intrinsic motivation also influences
their readiness to integrate such technology into the STEM curriculum [52].

Moreover, teachers’ readiness to implement STEM teaching and learning in the classroom is
enhanced through STEM integration programs, which boost teachers’ confidence [53]. Additionally,
teachers’ commitment to evidence-based programs, such as “Tools of the Mind,” is crucial for achieving
desired learning outcomes and increasing teacher confidence [54]. This is supported by other study [55],
stating that teachers have a significant impact on students’ success in STEM fields through their experience,
beliefs, and teaching methods. Research indicates that teachers’ backgrounds, beliefs, and practices influence
students’ motivation, resilience, and achievement. Therefore, teacher readiness and professional development
are essential for improving the effectiveness of STEM teaching and learning in secondary schools [55], [56].

However, a teacher’s proficiency affects their commitment to implementing STEM education [11].
Teachers’ proficiency varies based on teaching experience [11]. Teachers not only teach but are capable of
bringing new ideas to students through effective delivery. In conclusion, teachers’ commitment to STEM
education affects the effectiveness of STEM education in teaching practice through various dimensions,
including teacher retention, pedagogical innovation, emotional support, technology integration, and
professional development. Increasing teacher commitment through targeted support initiatives and training is
essential for improving STEM education outcomes and building student success in these critical areas.

3.3. How belief of teachers to STEM education affect the effectiveness of STEM education in teaching
practice?

Findings from 9 articles using the SLR technique have shown that teachers’ beliefs about STEM
education play a crucial role in determining the effectiveness of their teaching. Studies indicate that teachers
who have a positive belief in the scientific content and relevance of STEM education tend to use scientific
resources more frequently and effectively in their teaching. Conversely, skepticism and the belief that
teaching ability is an innate trait often reduce efficiency in teaching STEM [57].

The training experiences and support that teacher receive also influence their self-efficacy and
effectiveness in teaching STEM. Comprehensive training in STEM knowledge and practices, along with the
beliefs formed through such training, enhances teachers’ competence and confidence, which in turn improves
their effectiveness in teaching STEM [58]. Additionally, facilitator support in project-based learning helps
teachers overcome challenges and boosts their confidence in STEM approaches, highlighting the importance
of continuous support and an autonomy-supportive climate in STEM education [59].

Beliefs about alternative teaching methods, such as game-based learning, also impact the
effectiveness of STEM teaching. Teachers with high pedagogical game knowledge and strong beliefs in the
effectiveness of game-based learning are more successful in integrating this approach into their STEM
curriculum [60]. Furthermore, professional identities shaped by positive and negative emotions related to
their roles as STEM teachers demonstrate that strong beliefs and professional identities are essential for
successful STEM teaching [61].

Teachers’ confidence in supervising research and design projects also shows that high self-efficacy
is linked to effective teaching in STEM fields. Teachers who are confident in their abilities perform better in
research and design activities, which are key components of STEM education [62]. Although there is high
awareness of evidence-based instructional practices (EBIPs), implementation is still limited due to perceived
barriers, suggesting that belief in the effectiveness of these practices is crucial for their adoption [63].

Project-based teaching approaches also demonstrate that teachers who believe in the benefits of this
method and are enthusiastic about integrating STEM into their teaching show higher effectiveness. This helps
students develop the necessary skills more effectively, indicating that teachers’ beliefs in teaching approaches
play a significant role in the effectiveness of STEM education [64]. At preschool level, beliefs about science
education and the use of play-based environments to teach science concepts show that teachers’ awareness
and engagement with science affect how STEM concepts are taught and learned at an early stage [65].

Overall, the findings indicate that teachers’ beliefs about STEM education are a critical factor
influencing the effectiveness of teaching practices. Comprehensive training, facilitator support, self-
confidence, and beliefs in alternative teaching methods all play roles in shaping teachers’ beliefs and,
subsequently, the effectiveness of STEM education. Therefore, strengthening positive beliefs about STEM
education among teachers is key to improving the quality and effectiveness of STEM teaching in their
practices.
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4. CONCLUSION

A comprehensive discussion and conclusion regarding the findings related to teachers’ perceptions,
commitment, and beliefs towards STEM education reveal several key points that are crucial for enhancing
STEM education. Firstly, understanding and addressing the factors that influence teachers’ perceptions is
essential. Providing adequate support through professional training, quality learning resources, and
supportive school environments can help overcome the challenges faced by teachers. Additionally,
recognizing teachers’ roles and identities and offering continuous professional development programs can
boost their self-efficacy and commitment to STEM education. This comprehensive approach is vital for
strengthening STEM education, ensuring that teachers feel more prepared and confident in implementing
STEM teaching practices. This aligns with the conclusion that enhancing STEM education requires a
multifaceted strategy that addresses teachers’ needs comprehensively.

Secondly, teachers’ commitment to STEM education significantly impacts the effectiveness of
STEM teaching practices. This commitment influences various dimensions, including teacher retention,
pedagogical innovation, emotional support, technology integration, and professional development. Increasing
teacher commitment through targeted support initiatives and training is crucial for improving STEM
education outcomes and fostering student success in these critical areas. Ensuring that teachers are committed
can lead to sustained improvements in STEM education practices and student engagement.

Thirdly, the findings show that teachers’ beliefs about STEM education are a critical factor
influencing the effectiveness of teaching practices. Comprehensive training, facilitator support, self-
confidence, and beliefs in alternative teaching methods all play significant roles in shaping teachers’ beliefs
and, subsequently, the effectiveness of STEM education. Strengthening positive beliefs about STEM
education among teachers is key to improving the quality and effectiveness of STEM teaching in their
practices. By fostering positive beliefs and providing robust support systems, educators can be better
equipped to implement effective STEM teaching strategies.

The implications of these findings for the development of STEM education in Malaysia are
profound. By focusing on professional development, providing quality resources, and creating supportive
environments, policymakers and educational leaders can address the challenges faced by teachers.
Continuous professional development and recognizing the professional identities of teachers can enhance
their commitment and self-efficacy. Strengthening teachers’ beliefs in the value and effectiveness of STEM
education can lead to more innovative and effective teaching practices.

Further studies could explore the specific types of support and training that are most effective in
enhancing teachers’ perceptions, commitment, and beliefs towards STEM education in the Malaysian
context. Investigating the impact of different professional development models and their long-term effects on
teaching practices could provide valuable insights. Additionally, research into how these factors influence
student outcomes in STEM subjects would be beneficial, helping to tailor interventions that can maximize
both teacher and student success in STEM education.
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