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Abstract: This study explores the integration between STEM (Science, 
Technology, Engineering, and Mathematics) learning and the TPACK 
(Technological Pedagogical Content Knowledge) framework through a 
systematic literature review of articles published from 2018 to 2024. The 
review analyzes 11 Scopus-indexed studies selected using the Publish or 
Perish (PoP) application and relevant keywords. The findings reveal that the 
integration of STEM and TPACK positively impacts teacher efficacy and 
student engagement. This relationship is particularly evident in enhancing 
teaching practices and fostering students' TPACK skills, as demonstrated in 
studies utilizing mobile learning systems and workshops for creating 
electronic sound synthesizers. Factors such as self-efficacy, design thinking, 
and computational thinking are identified as significant predictors in this 
integration. The study highlights the potential of combining TPACK with 
STEM to improve educational outcomes and foster positive attitudes toward 
STEM among students. Although these findings provide valuable insights, 
further empirical validation is necessary to confirm the extent of STEM-
TPACK integration's impact on teaching and learning. This research 
contributes to the discourse on advancing STEM education, emphasizing the 
importance of technology in addressing contemporary educational 
challenges and preparing learners for the future.  
 
Keywords: Content Knowledge; STEM learning; Technological Pedagogical; 
TPACK 

  

Introduction  

 
In the education aftermath of a rapidly changing 

landscape, STEM-based learning — Science, 
Technology, Engineering, and Mathematics learning — 
has become an essential approach for nurturing 21st-
century skills within students (Gitsaki & Robby, 2015). 
In addition, this pedagogical strategy is a way of 
bringing the disciplines that make up STEM more tightly 
together — it nurtures the critical thinking, creative, and 
problem solving abilities that represent the main 
challenges in a world where we walk in the society of the 
21st-century(Jazuli, 2021; Selisne et al., 2019). Through 
this approach, STEM-based learning simulates the 

experience of working across silos on complex real-
world problems, and gives students the tools needed to 
succeed throughout their future careers (Blake & Liou-
Mark, 2014; Mater et al., 2022; Mustafa et al., 2016; 
Shekhar et al., 2014). 

However, a gap remains in understanding how best 
to integrate STEM education with frameworks that 
enhance teaching effectiveness. At the heart of this 
integration is the TPACK framework (Technological 
Pedagogical Content Knowledge), which combines 
knowledge of content, pedagogy, and technology to 
create meaningful and engaging learning experiences 
((Hoffmann, 2022; Liu, 2013; Yurdakul et al., 2013). 
While individual studies have explored STEM-based 
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learning and TPACK separately, comprehensive 
insights into their interplay and practical 
implementation remain underexplored. This study 
addresses this gap by systematically analyzing literature 
to highlight the nuances of integrating TPACK into 
STEM education. The novelty of this research lies in its 
focus on the practical application of the TPACK 
framework within STEM contexts and its emphasis on 
identifying key predictors of successful integration, such 
as self-efficacy, design thinking, and computational 
thinking. 

STEM (Science, Technology, Engineering, and 
Mathematics) is a term used to describe a group of 
scientific disciplines that form the foundation for 
thinking and research related to science and technology 
(Gagandeep & Verma, 2023a; Hildt et al., 2024). STEM 
encompasses the fields of science, technology, 
engineering, and mathematics. 

The STEM-based learning approach aims to 
integrate concepts from these four fields in a contextual, 
relevant, and challenging learning environment (Fajrina 
et al., 2020; Leung, 2019; Smith et al., 2022). Thus, 
students not only learn about each discipline separately 
but also develop a more holistic understanding and the 
ability to think critically, creatively, and innovatively in 
solving real-world problems (Fajrina et al., 2020; 
Gagandeep & Verma, 2023; Metpattarahiran, 2021). 

The STEM approach emphasizes not only the 
mastery of subject matter but also the development of 
skills such as teamwork, problem-solving, analytical 
thinking, and effective communication (Gagandeep & 
Verma, 2023b; Pallavi, 2023). This aligns with the 
demands of the modern workforce, which requires 
individuals with a strong understanding of science and 
technology, as well as the ability to adapt to rapid 
changes and increasing complexity (Ola, 2022; Schmitt & 
Chan, 2014) 

At the heart of effective STEM education is the 
TPACK framework (Technological Pedagogical Content 
Knowledge), which is crucial for enhancing teachers' 
instructional capabilities, particularly in integrating 
technology into learning environments (Incikabi & 
Tokmak, 2013a). TPACK provides a comprehensive 
model that combines knowledge of subject matter, 
pedagogy, and technology(Liu, 2013; Yurdakul et al., 
2013), enabling teachers to create meaningful and 
engaging learning experiences (Hoffmann, 2022). This 
framework is especially pertinent in the context of STEM 
education, where the integration of technology is 
fundamental to teaching and learning processes. 

This study conducts a systematic literature review 
to analyze articles related to TPACK and STEM, with a 
focus on the intricate process of implementing TPACK-
STEM. The review highlights the development of 

TPACK instruments and the assessment of teachers' 
abilities to apply TPACK in STEM education. The 
findings underscore the multifaceted nature of 
integrating TPACK with STEM, which involves not only 
mastering content knowledge but also developing the 
pedagogical and technological skills necessary for 
effective teaching. 

Moreover, the study emphasizes the importance of 
integrating various disciplines within STEM, addressing 
real-world problems, and adopting learner-centered 
approaches. Effective STEM activities require teamwork, 
effective communication, iterative redesign, and 
continuous assessment (Aydin Gunbatar et al., 2022; 
Cole et al., 2018). These elements are vital for fostering a 
comprehensive and engaging learning environment that 
promotes student involvement and achievement. 

This research is particularly significant given the 
increasing demand for teaching strategies that align 
with rapid technological advancements. By exploring 
how STEM and TPACK interact, the study highlights 
pathways for enhancing teacher competencies and 
fostering student engagement. Furthermore, identifying 
factors that contribute to effective STEM-TPACK 
integration can guide the development of targeted 
professional development programs, ensuring that 
educators are well-equipped to navigate contemporary 
educational challenges. This study not only bridges 
theoretical and practical perspectives but also 
contributes to a deeper understanding of how to prepare 
educators and students for a future shaped by science 
and technology. 
 

Method 
 
This research is literature research with the 

Systematic Review method or commonly called 
Systematic Literature Review (SLR), which is a 
systematic technique for collecting, critically examining, 
integrating and collecting the results of various studies 
to find answers to specific research questions (Moher et 
al., 2016). The study commenced by identifying articles 
relevant to the research topic through a synthesis study 
process. Literature searches were conducted using 
electronic databases, including Scopus and Google 
Scholar, with the assistance of the Publish or Perish 
(PoP) application. Search terms were carefully selected 
based on keywords pertinent to the research variables, 
specifically "STEM learning" and "TPACK." 

Articles deemed relevant were identified and 
selected through a filtering process based on several 
criteria. These criteria included articles published in 
Scopus-accredited journals or international conferences 
with full-text availability; publication years ranging 
from 2018 to 2024; a focus on STEM learning and 
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TPACK; articles written in English; publication in 
Scopus; and accessibility for review. 

The search yielded 11 articles that met these criteria 
and were deemed suitable for the systematic review. 
These articles provide an in-depth analysis of STEM 
learning and TPACK, offering a foundation for 
exploring the integration of these concepts within 
educational contexts. The process flow chart illustrating 
the research steps on Figure 1. 

 

 
Figure 1. The Research Steps 

Result and Discussion 
 

The Study Result 

The review of 23 articles resulted in 11 studies 

meeting the specified criteria for inclusion. These articles 

explore various aspects of integrating Technological 

Pedagogical Content Knowledge (TPACK) into STEM 

education, with a focus on teacher development, 

innovative teaching strategies, and student outcomes. 

Key findings include the effectiveness of STEM-TPACK 

design-based learning in preparing teachers to integrate 

technology, the value of personalized mobile learning 

systems for enhancing TPACK, and the critical role of 

frameworks like ISLE-based STEM approaches in 

supporting technology integration. 

Several studies on Table 1, emphasize the 

predictors and factors influencing TPACK development. 

For instance, science teaching self-efficacy, 

computational thinking, and design thinking are 

identified as key contributors to TPACK in integrated 

STEM education. Additionally, adaptive online courses 

and coding activities are highlighted for improving 

preservice teachers' pedagogical approaches and 

technological knowledge. These findings underline the 

importance of tailored training and tools to foster 

teacher readiness and confidence in implementing 

STEM-TPACK. 

The articles also explore the broader implications of 

TPACK in professional development and STEM 

education. Long-term studies reveal the importance of 

sustaining teacher learning through frameworks like 

TPACK, with lessons drawn from multi-year 

professional development programs. The research 

underscores the need for ongoing support and resources 

to ensure teachers can effectively integrate technology 

and pedagogy, preparing them to meet the demands of 

modern STEM education. 

 

Table 1. Articles obtained from Scopus 
Author & Year Title Results 

(Chai, 2019) Teacher Professional Development for 
Science, Technology, Engineering and 
Mathematics (STEM) Education: A Review 
from the Perspectives of Technological 
Pedagogical Content (TPACK) 

This article provides rich insights into the professional 
development of teachers in STEM education and 
highlights the importance of TPACK in preparing teachers 
to meet the complex demands of teaching in the 
technological era 

(Chai et al., 
2020) 

Indonesian science, mathematics, and 
engineering preservice teachers’ experiences 
in stem-tpack design-based learning 

The article concludes that STEM-TPACK design-based 
learning can provide valuable experiences for prospective 
STEM teachers in developing the skills and knowledge 
necessary to integrate technology into their teaching. 

(Chai et al., 
2020a) 

Surveying Chinese teachers’ technological 
pedagogical STEM knowledge: A pilot 
validation of STEM-TPACK survey 

The findings from the pilot study indicate that the STEM-
TPACK survey demonstrates adequate reliability and 
validity in assessing the technological pedagogical 
knowledge of Chinese teachers. The authors discuss the 
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Author & Year Title Results 

implications of this study, emphasizing the importance of 
understanding teachers' TPACK for effective technology 
integration in STEM education. 

(Kajonmanee et 
al., 2020) 

A personalised mobile learning system for 
promoting STEM discipline teachers’ TPACK 
development 

This article presents the development and implementation 
of a personalized mobile learning system to enhance the 
development of STEM discipline teachers' TPACK. The 
study demonstrates the system's effectiveness in 
improving teachers' knowledge and skills in integrating 
technology in STEM education. These findings contribute 
to the understanding of innovative approaches to support 
the professional growth of STEM teachers. 

(Purwaningsih 
et al., 2020) 

Improving the problem-solving skills 
through the development of teaching 
materials with STEM-PjBL (science, 
technology, engineering, and mathematics-
project based learning) model integrated 
with TPACK (technological pedagogical 
content knowledge) 

The article underscores the importance of integrating the 
STEM-PjBL model with TPACK in enhancing students' 
problem-solving abilities. It highlights the potential of this 
integrated approach to promote critical thinking, 
collaboration, and technological competence, thus 
preparing students to face the challenges of the STEM field 
and the digital era. 

(Durak et al., 
2023) 

Examining the predictors of TPACK for 
integrated STEM: Science teaching self-
efficacy, computational thinking, and design 
thinking 

This article investigates predictors of TPACK for 
integrated STEM education, with a specific focus on 
science teaching efficacy, computational thinking, and 
design thinking. The findings indicate that these factors 
play a crucial role in shaping educators' TPACK, 
emphasizing the importance of considering these 
predictors in teacher education and professional 
development initiatives in the STEM field. 

(Umutlu, 2022) TPACK leveraged: A redesigned online 
educational technology course for STEM 
preservice teachers 

The research of this article are: 
1. Redesigned online course enhanced preservice 

STEM teachers' pedagogical approaches. 
2. Hands-on coding improved technological 

knowledge and lesson design integration. 
Study offers design implications for online teacher 
education courses. 

(Sari et al., 2021) Analysis TPACK framework in ISLE-based 
STEM approach model: Case study 

This article provides valuable insights into the use and 
effectiveness of the TPACK Framework in supporting the 
integration of technology, pedagogy, and content 
knowledge in STEM education. The findings contribute to 
understanding how the TPACK Framework can be 
applied in ISLE-based STEM approaches and provide 
information for teacher training and professional 
development programs in STEM education. 

(Meletiou-
Mavrotheris & 
Paparistodemou, 
2024) 

Sustaining Teacher Professional Learning in 
STEM: Lessons Learned from an 18-Year-
Long Journey into TPACK-Guided 
Professional Development 

This article discusses the professional development of 
STEM/STEAM teachers, where mathematics is also an 
integral part of the approach. In the article, researchers 
explain how they implemented the TPACK framework in 
the context of mathematics learning enhanced by ICT. 
They describe their journey in conceptualizing and 
applying TPACK in the professional development of 
STEM/STEAM teachers, which includes mathematics as 
an essential component. Therefore, the article connects 
STEM with TPACK in the context of professional 
development for teachers in these fields. 

(Chen & Tse, 
2023) 

A Survey of Pre-service and In-service 
Biology Teachers' Technological Pedagogical 
Content Knowledge (TPACK) in 
Implementing STEM Education 

The article explains that the study aimed to examine the 
level of Technological Pedagogical Content Knowledge 
(TPACK) of biology teachers in implementing STEM 
education. In the article, the research used the STEM-
TPACK framework to assess the readiness of biology 
teachers in integrating technological, pedagogical, and 
content knowledge in the context of STEM education. 
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Author & Year Title Results 

(Mangundu, 
2023) 

STEM Preservice Teachers’ e-Readiness for 
Online Multimodal Teaching Methods Usage 
in Pietermaritzburg, South Africa: Analysis 
Through the Adapted TPACK Framework 

In the context of this research, TPACK is one of the factors 
influencing the readiness of preservice STEM teachers in 
using multimodal online teaching methods. The article 
explains that preservice STEM teachers need to have 
confidence in using multimodal online resources and the 
right technological pedagogical content knowledge to 
integrate STEM with online teaching. 

The Implementation of STEM-TPACK in Education 

The implementation of STEM (Science, Technology, 

Engineering, and Mathematics) within the context of 

TPACK (Technological, Pedagogical, and Content 

Knowledge) requires synergy among the key 

components of learning: content, pedagogy, and 

technology, to create meaningful learning experiences 

(Azaahra et al., 2024; Chai, Rahmawati, et al., 2020; Silva 

et al., 2021). This approach is crucial in STEM-based 

learning that focuses on solving real-world problems 

and equipping students with 21st-century skills (Arslan 

& Genc, 2024; Fajrina et al., 2020a) . 

 

The STEM-TPACK Approach 

The STEM TPACK approach involves 

comprehensive integration of content, pedagogy, and 

technology (Arslan & Genc, 2024; Incikabi & Tokmak, 

2013b; Niess, 2018). Content emphasizes an in-depth 

understanding of the disciplines of science, technology, 

engineering, and mathematics(ZAN & Asrizal, 2024). 

Pedagogy focuses on effective teaching strategies that 

foster student engagement and active participation 

(Putra et al., 2021). Technology encompasses tools and 

digital platforms that facilitate and enhance the learning 

process (Nazifah & Asrizal, 2022; Putra et al., 2021). 

Through this approach, teachers are encouraged to 

address students' individual needs by providing project- 

or problem-based learning opportunities. They can also 

design learning experiences relevant to real-life 

situations using technology-based simulations or 

experiments, thereby building students' technological 

literacy and critical thinking skills (Azhar et al., 2022; 

ZAN & Asrizal, 2024). 

 

Challenges in Implementing STEM-TPACK 

Despite its potential, implementing STEM TPACK 

presents significant challenges. Pedagogical challenges 

arise from teachers' perceived unpreparedness to 

integrate STEM pedagogy. Concerns about the 

reduction of fundamental science concepts during STEM 

integration, difficulties in meeting diverse student 

learning needs, and inadequate pedagogical 

infrastructure further complicate this issue. 

Additionally, curriculum challenges emerge as the 

integrated nature of STEM curricula often makes them 

rigid and difficult to adapt. Teachers frequently struggle 

to align interdisciplinary domains, such as Biology and 

Geometry, while maintaining coherence in content 

delivery. 

Structural challenges also hinder implementation. 

School policies and organizational structures often 

restrict the time and resources allocated to STEM 

learning. Issues such as insufficient infrastructure and 

frequent curriculum revisions exacerbate these 

limitations. Furthermore, student-related challenges 

include motivational and ability-related barriers, with 

teachers sometimes underestimating students' problem-

solving capabilities, which can undermine their 

enthusiasm for learning. Assessment challenges also 

persist, as the lack of reliable evaluation tools makes it 

difficult for teachers to accurately measure students' 

STEM performance. The debate between individual 

versus group evaluation methods adds another layer of 

complexity. 

Teachers face additional burdens related to 

support, including designing STEM curricula, managing 

extra preparation time for STEM pedagogy, and meeting 

high expectations from schools and policymakers. The 

integration of technology is often impeded by the 

unavailability of adequate devices in schools and 

insufficient technical training for teachers. Local 

contexts further impact implementation, as resource 

constraints in remote areas and cultural differences in 

defining STEM priorities create unique obstacles. 

 

Evidence of STEM-TPACK Integration Impact 

Research underscores the positive relationship 

between STEM and the TPACK framework. For 

instance, Chai, Jong, et al., (2020b) highlighted the 

importance of integrating STEM education with the 

TPACK framework for teacher professional 

development. Their study demonstrated that TPACK 

factors predict teachers' efficacy in implementing STEM 

education, particularly in fostering integrative STEM 

efficacy. Similarly, Chai, Rahmawati, et al., (2020) found 

that preservice teachers with STEM experience exhibited 

higher efficacy in TPACK knowledge, further 
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supporting the link between STEM education and 

teacher professional growth. 

Additional studies have reinforced these findings. 

Chai, (2019) provided rich insights into the professional 

development of teachers in STEM education, 

emphasizing the importance of TPACK in addressing 

the complex demands of modern teaching. Kajonmanee 

et al., (2020) demonstrated the effectiveness of a 

personalized mobile learning system in enhancing 

STEM teachers' TPACK, contributing to innovative 

approaches for professional growth. (Purwaningsih et 

al., (2020)underscored the integration of the STEM-PjBL 

model with TPACK in improving students' problem-

solving skills, fostering critical thinking, collaboration, 

and technological competence. 

Durak et al., (2023) identified critical predictors of 

TPACK for integrated STEM, such as science teaching 

self-efficacy, computational thinking, and design 

thinking. This highlights the importance of considering 

these factors in professional development initiatives. 

Meanwhile, Umutlu (2022) showed how a redesigned 

online course leveraging TPACK enhanced preservice 

STEM teachers' pedagogical approaches and 

technological integration. 

Furthermore, Sari et al. (2021) examined the 

application of the TPACK framework in ISLE-based 

STEM approaches, providing insights into its 

effectiveness in teacher training and professional 

development. Meletiou-Mavrotheris & Paparistodemou 

(2024) discussed their 18-year journey in applying 

TPACK for STEM/STEAM teacher professional 

development, connecting mathematics and ICT in the 

process. Chen & Tse (2023)evaluated biology teachers' 

TPACK readiness for STEM education, emphasizing the 

importance of integrated technological, pedagogical, 

and content knowledge. Lastly, Mangundu (2023) 

analyzed preservice STEM teachers' e-readiness for 

online multimodal teaching using an adapted TPACK 

framework, stressing the role of confidence and 

technological competence. 

The integration of STEM and the TPACK 

framework offers promising avenues for advancing 

teacher efficacy and student engagement. By addressing 

challenges through innovative pedagogies, professional 

development, and infrastructure improvement, 

educators can create effective, relevant, and meaningful 

STEM learning experiences. While existing research 

highlights the benefits of STEM-TPACK integration, 

further empirical studies are necessary to fully establish 

its impact on both teacher efficacy and student 

outcomes, ensuring sustainable progress in STEM 

education. 

 

Conclusion  

 
The literature review concludes that integrating 

STEM (Science, Technology, Engineering, and 
Mathematics) with the TPACK (Technological 
Pedagogical Content Knowledge) framework positively 
impacts teacher efficacy and student engagement. This 
integration enhances teaching effectiveness and fosters 
student learning outcomes, particularly through factors 
such as self-efficacy, design thinking, and computational 
thinking. While further empirical validation is 
necessary, the findings highlight the potential of STEM-
TPACK integration in addressing contemporary 
educational challenges and improving STEM education.  
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