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ABSTRACT 

 
This literature review examines recent global research on STEAM education 

(Science, Technology, Engineering, Arts, and Mathematics) and its relevance for 

strengthening 21st-century skills in Timor-Leste. Although the national curriculum 
is undergoing modernization, STEAM approaches remain limited in classroom 

practice. Studies published between 2020 and 2025 indicate that STEAM learning 

enhances critical thinking, creativity, problem-solving, collaboration, and student 
engagement. The evidence further highlights that successful implementation 

depends on teacher professional development, interdisciplinary pedagogy, and 

adaptation to local contexts. Overall, the findings suggest that integrating STEAM 

approaches could support the development of innovative and competitive learners 
in Timor-Leste, while also providing a foundation for future research on 

contextually appropriate teaching practices and sustainable educational 

improvement. 
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INTRODUCTION 

A growing body of international research consistently shows that STEAM 

education contributes to the development of key competencies, including higher-

order thinking, creativity, collaboration, and student engagement (Chen, Zhang, & 
Liu, 2021; Gonzales et al., 2025). In addition, integrative literature reviews 

highlight that STEAM education promotes interdisciplinary learning by combining 

analytical and creative processes, enabling students to engage in more meaningful 

and innovative problem-solving activities (Perignat & Katz-Buonincontro, 2019). 
However, beyond these widely recognized benefits, the literature increasingly 

emphasizes that successful implementation depends on several critical conditions. 

These include teacher professional development, interdisciplinary curriculum 
design, availability of resources, and the adaptation of pedagogical approaches to 

local cultural and educational contexts (Cheung, 2024; Herlinawati et al., 2024).  

Recent research also stresses that effective teacher professional development 
must be sustained, collaborative, and practice-oriented to support the integration 

of STEAM in real classroom settings (Darling-Hammond, Hyler, & Gardner, 

2017; Chiu & Ho, 2023). In many developing education systems, challenges in 

these areas create a persistent gap between policy intentions and classroom practice 
(ADB, 2022). 

In Timor-Leste, education reform efforts have aimed to align the national 

curriculum with international competency standards (Owen & Salsinha, 2024). 
While these reforms highlight the importance of 21st-century skills, the practical 

integration of STEAM approaches in classrooms remains limited. Existing reports 

point to several structural constraints, including insufficient teacher preparation, 
limited teaching resources, and low familiarity with interdisciplinary methods 

(SEA-PLM Report, 2023; Australian Department of Foreign Affairs and Trade, 

n.d.). Recent local research further confirms that STEAM implementation in 
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Timor-Leste faces challenges related to teacher readiness, infrastructure 
limitations, and the need for contextually relevant teaching strategies (De Deus, 

2025). As a result, there is a risk that curriculum reforms may not fully translate 

into meaningful changes in teaching and learning practices. 

Despite increasing global evidence on STEAM education, there is still a lack 
of research specifically focused on its application in Timor-Leste. In particular, 

limited attention has been given to how STEAM can be adapted to local classroom 

realities, how teachers can be effectively prepared to implement interdisciplinary 
approaches, and what strategies are most suitable for resource-constrained 

environments. This gap makes it difficult for policymakers and educators to design 

contextually relevant interventions that support sustainable implementation. 
This study, therefore, aims to synthesize global research on STEAM 

education and examine its relevance for developing 21st-century skills in Timor-

Leste. By identifying key success factors and common challenges, the review seeks 

to provide a foundation for context-sensitive teacher development, curriculum 
adaptation, and future empirical research. In doing so, it contributes to ongoing 

efforts to strengthen education quality and support the development of a skilled 

and adaptable workforce in Timor-Leste. 
 

LITERATURE REVIEW 

 
STEAM Education and 21st-Century Skills 

 

STEAM (Science, Technology, Engineering, Arts, and Mathematics) 

education is widely seen as an effective way to build important 21st-century skills 
in students. These skills include critical thinking, creativity, collaboration, and 

problem solving, which are necessary for living and working in complex, 

technology-rich environments (Beers, 2019; OECD, 2023). Research around the 
world shows that STEAM supports flexible thinking, connects knowledge across 

subjects, and increases participation through practical, project-based learning 

(Bequette & Bequette, 2012; Gonzalez et al., 2025). Furthermore, integrative 

reviews emphasize that STEAM education strengthens the connection between 
creativity and cognition, allowing learners to apply both artistic and scientific 

approaches to solving real-world problems (Perignat & Katz-Buonincontro, 2019). 

Critical thinking grows when students learn through investigation and real-
life problem-solving. For instance, project-based STEM or STEAM activities help 

learners study problems, test ideas, and reflect on results, which strengthens 

analytical ability (Chen, Zhang, & Liu, 2021). Creativity also develops when the 
arts are combined with traditional STEM subjects, giving learners ways to view 

challenges (Bequette & Bequette, 2012). This integration of disciplines has been 

shown to enhance innovation by encouraging students to generate multiple 

solutions and think beyond conventional approaches (Perignat & Katz-
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Buonincontro, 2019; Gonzales et al., 2025). Teamwork is another common result 
because students often collaborate to plan and carry out projects, building 

communication and cooperation skills (Gonzales et al., 2025). 

Along with these thinking and social abilities, STEAM learning is also linked 

to student motivation and participation. Cheung (2024) reported that learning 
communities that support STEAM teaching improved engagement for both 

teachers and students, helping create classrooms focused on inquiry and 

exploration. Herlinawati et al. (2024) likewise noted that when 21st-century skills 
are built into lessons, students become independent, confident, and adaptable, 

qualities that are important for their careers. 

 
Teacher Professional Development for STEAM 

 

Teacher readiness plays a key role in the successful use of STEAM in 

classrooms. Research shows that STEAM teaching requires educators not only to 
understand subject content but also to plan interdisciplinary lessons, guide inquiry-

based activities, and support students in collaborative problem solving (Cheung, 

2024; Herlinawati et al., 2024). Studies on effective professional development 
highlight that teachers benefit most from continuous, collaborative, and practice-

based learning opportunities rather than short-term training programs (Darling-

Hammond, Hyler, & Gardner, 2017). 
Professional learning communities (PLCs) are widely recognized as an 

effective way to strengthen teachers’ STEAM skills. Cheung (2024) found that 

teachers who joined PLCs became more confident in combining arts with STEM 

subjects, improved their ability to guide group projects, and exchanged teaching 
ideas with colleagues from different disciplines. In addition, technology-supported 

professional development models, such as online and blended learning platforms, 

have been shown to improve accessibility and engagement for teachers, 
particularly in developing contexts (Chiu & Ho, 2023). Studies from Southeast 

Asia also indicate that structured professional development programs can increase 

teacher readiness, especially in education systems where interdisciplinary teaching 

is still new (Nguyen, 2024; Pham & Tran, 2025). 
Teachers’ attitudes toward STEAM also affect how well it is implemented. A 

systematic review by Margot and Kettler (2019) showed that teachers who view 

STEM or STEAM positively are more likely to involve students actively and use 
hands-on, project-based methods. On the other hand, lack of training and limited 

resources can slow adoption, which highlights the need for professional 

development programs designed to match local curriculum goals and classroom 
conditions. 
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STEAM Implementation in Southeast Asia and Developing Countries 

 

Research from Southeast Asia and other developing regions shows that 

STEAM education has strong potential but also faces real challenges. In Singapore, 

clear national policies and strong teacher training programs helped schools 
introduce STEAM successfully in both primary and secondary levels. These 

supports enabled teachers to use interdisciplinary teaching methods that improved 

student engagement, creativity, and problem-solving skills in meaningful ways. 
In Vietnam, similar patterns appear. Nguyen (2024) and Pham and Tran 

(2025) reported that although government support for STEM and STEAM exists, 

implementation is often slowed by limited teacher expertise, shortages of 
classroom materials, and the continued use of traditional teaching methods. To 

address these barriers, researchers recommend pilot projects and training programs 

designed to fit local conditions so that STEAM practices can expand gradually and 

effectively. 
More broadly, global studies emphasize that STEAM adoption in developing 

countries must consider cultural, infrastructural, and socio-economic realities. 

Calabrese Barton & Tan (2018) stressed that culturally responsive teaching, 
linking lessons to local knowledge and experiences, can make learning more 

relevant and engaging. Strong policy backing, teacher preparation, and adequate 

resources are essential for sustainable STEAM implementation. 
 

Implications for Timor-Leste 

 

Timor-Leste’s education system is currently undergoing curriculum reforms 
aimed at helping students gain competencies that match international standards 

(Owen & Salsinha, 2024). However, even with these improvements, the actual use 

of STEAM teaching approaches in classrooms is still limited. This situation is 
mainly linked to challenges such as insufficient teacher preparation, lack of 

learning resources, and limited understanding of interdisciplinary methods among 

educators (ADB, 2022; SEA-PLM Report, 2023). Recent research focusing 

specifically on Timor-Leste indicates that while STEAM presents strong 
opportunities for improving student engagement and skill development, its 

implementation requires context-sensitive strategies, targeted teacher training, and 

stronger alignment between policy and classroom practice (De Deus, 2025). 
Findings from international and regional studies suggest several practical 

steps that could help address these gaps. First, teacher training programs designed 

around local needs and classroom realities can strengthen teaching practices and 
build confidence in using STEAM approaches. Second, small-scale pilot projects 

that combine arts with STEM subjects can allow students to practice 21st-century 

skills in meaningful and locally relevant contexts. Third, strong policy support, 

adequate resources, and partnerships with development organizations such as the 
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ADB and DFAT can provide the structural foundation needed to expand effective 
STEAM implementation across schools (ADB, 2022). 

 

Summary of Research Gaps 

 

Although STEAM education has shown positive results in many countries, 

several important research gaps still exist, especially in the context of Timor-Leste. 

First, there are very few empirical studies that examine how STEAM is actually 
implemented in Timorese schools, making it difficult to understand current 

practices and challenges. Second, research focusing on teacher readiness and 

professional development specifically related to STEAM is still limited, even 
though teachers play a central role in successful implementation. Third, there is a 

lack of locally adapted STEAM curricula and teaching strategies that reflect 

Timor-Leste’s cultural background, school conditions, and available resources. 

Fourth, there is little long-term evidence showing how STEAM affects student 
outcomes such as creativity, problem-solving ability, and collaboration within the 

national context. These gaps highlight the need for further research, including 

literature reviews and field-based studies, to guide effective and sustainable 
STEAM integration in Timor-Leste and other developing education systems. 

 

RESEARCH METHOD 

 

This study uses a conceptual literature review to explore global research on 

STEAM (Science, Technology, Engineering, Arts, and Mathematics) education 

and its potential to develop 21st-century skills in Timor-Leste. Instead of collecting 
primary data, it relies on secondary sources such as peer-reviewed journal articles, 

government policy documents, and reports from international organizations, 

including OECD and the Asian Development Bank. Examples from countries with 
established STEAM practices, such as Singapore and Vietnam, provide a 

comprehensive synthesis of existing knowledge, it is limited by the absence of 

primary data, underscoring the need for future empirical research. Additionally, 

these examples were also examined to provide comparative perspectives. 
Sources were chosen based on relevance, credibility, and publication date, 

with most materials published between 2018 and 2025. Academic databases such 

as Google Scholar, JSTOR, and ScienceDirect were used to locate scholarly 
studies, while official institutional websites provided access to policy and 

framework documents. Search terms included “STEAM education,” “21st-century 

skills,” “teacher professional development,” “curriculum modernization,” and 
“developing countries.” National sources from Timor-Leste, including the Basic 

Education Curriculum and the SEA-PLM Report (2023), were included to ensure 

local relevance. 
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The selected materials were analyzed thematically to identify patterns across 
five main areas: policy and governance, curriculum design, teacher preparation, 

infrastructure and digital resources, and adaptation to local contexts. This approach 

is consistent with integrative and systematic literature review methodologies 

commonly used in STEAM research to synthesize interdisciplinary evidence and 
identify best practices (Perignat & Katz-Buonincontro, 2019). Comparisons with 

countries that have implemented STEAM helped identify useful practices, 

common challenges, and possible strategies for Timor-Leste. This systematic 
process strengthened the reliability of the analysis by ensuring that evidence was 

organized and interpreted carefully rather than simply summarized. 

Although this review provides a broad synthesis of existing literature, it is 
limited by the absence of primary data from teachers, students, or policymakers in 

Timor-Leste. Therefore, the conclusions are mainly based on conceptual and 

secondary evidence. Future studies are recommended to include qualitative 

methods, such as interviews with teacher educators and classroom observations in 
pilot schools, to confirm and expand these findings. 

While this approach enables a comprehensive synthesis of existing 

knowledge, it is limited by the absence of primary data, underscoring the need for 
future empirical research in Timor-Leste. 

 

RESULTS 

 

The literature review identified seven key themes related to STEAM 

education and the development of 21st-century skills. 

 
1. Critical thinking and problem-solving 

STEAM education develops students’ critical thinking and problem-solving 

skills through inquiry-based and project-based learning activities that involve 
analyzing problems and evaluating solutions (Chen et al., 2021; Gonzales et al., 

2025). 

 

2. Creativity and innovation 
The integration of arts into STEM subjects enhances creativity and innovation 

by encouraging students to apply design thinking and explore multiple solutions to 

problems (Bequette & Bequette, 2012).  
 

3. Collaboration and teamwork 

STEAM learning activities promote collaboration and teamwork through 
group-based tasks that require communication, shared responsibility, and 

collective problem-solving (Nguyen, 2024). 

 

4. Teacher professional readiness 
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Effective implementation of STEAM depends on teachers’ interdisciplinary 
knowledge, confidence in inquiry-based instruction, and access to professional 

development opportunities (Cheung, 2024; Margot & Kettler, 2019). 

 

5. Policy and curriculum support 
Clear curriculum structures and supportive education policies are important 

enabling factors for the implementation of STEAM in schools (Calabrese Barton 

& Tan, 2018); OECD, 2023). 
6. Infrastructure and learning resources 

Access to laboratories, teaching materials, and digital tools is essential for 

STEAM implementation, although limited resources remain a challenge in 
developing contexts (Pham & Tran, 2025). 

 

7. Local relevance and contextual adaptation 

STEAM education is more effective when learning activities are aligned with 
local culture, language, and community contexts (Calabrese Barton & Tan, 2018); 

SEA-PLM Report, 2023). 

The findings are summarized in Table 1. 
 

Table 1 

Summary of Key Themes in STEAM Education and Their Implications for 21st 
Century Skills Development 

 

Theme Description Key References Regional/Global 

Examples 

Critical 

Thinking & 

Problem-

Solving 

Enhances 

analytical skills 

through inquiry-

based and project-
oriented learning 

Chen et al., 2021; 

Gonzales et al., 

2025 

Singapore, 

Vietnam 

Creativity & 

Innovation 

Integration of arts 

in STEM 
promotes 

imaginative and 

adaptive problem-

solving 

Bequette & 

Bequette, 2012 

Singapore, 

Vietnam 

Collaboration 

& Teamwork 

Group-based 

projects develop 

communication 
and social skills 

Nguyen, 2024 Southeast Asia 
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Teacher 
Professional 

Development 

Training, PLCs, 
and capacity-

building improve 

STEAM 

implementation 

Cheung, 2024; 
Margot & Kettler, 

2019 

Southeast Asia 

Policy Support 

& Curriculum 

Design 

Structured 

policies and 

curriculum 

frameworks 
support teacher 

engagement and 

student 
participation 

Calabrese Barton 

& Tan, 2018; 

OECD, 2023 

Singapore 

Infrastructure 

& Digital 

Resources 

Access to labs, 

tools, and 

technology 
facilitates hands-

on learning 

Pham & Tran, 

2025 

Developing 

countries 

Local 
Adaptation & 

Contextual 

Relevance 

Culturally and 
contextually 

aligned activities 

increase 

engagement and 
relevance 

Calabrese Barton 
& Tan, 2018; 

SEA-PLM 

Report, 2023 

Timor-Leste, 
Southeast Asia 

 

DISCUSSION 

 

The findings of this literature review highlight the multifaceted potential of 

STEAM education to develop 21st-century skills, including critical thinking, 

creativity, collaboration, and problem-solving. While global evidence 
demonstrates that STEAM approaches consistently foster these skills, the 

implications for Timor-Leste are particularly significant given the country’s 

ongoing curriculum modernization and the limited current implementation of 
interdisciplinary pedagogies. The synthesis of international studies, alongside 

regional experiences in Southeast Asia, underscores that STEAM is not merely a 

set of subject-based activities but a holistic approach that requires alignment across 
curriculum, teacher readiness, infrastructure, and policy support. 

The enhancement of critical thinking and problem-solving skills through 

STEAM projects suggests that students in Timor-Leste could benefit from a more 

inquiry-based and hands-on curriculum. Existing reports indicate that Timorese 
students often have limited opportunities to engage in open-ended problem solving 

or interdisciplinary activities, which can constrain the development of cognitive 
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flexibility and analytical reasoning (SEA-PLM Report, 2023). By adopting 
STEAM-based pedagogies, educators can create learning experiences that 

challenge students to think critically, apply knowledge across disciplines, and 

solve real-world problems, thereby preparing them for participation in a globally 

competitive environment. 
Creativity and innovation are similarly enhanced when the arts are integrated 

into STEM subjects, allowing students to approach problems from multiple 

perspectives. Evidence from Singapore and Vietnam indicates that contextualized 
STEAM projects can boost both learner motivation and innovation (Gonzales et 

al., 2025). For Timor-Leste, embedding arts into STEM lessons could support 

culturally relevant learning experiences, while simultaneously encouraging 
students to explore imaginative solutions. This aligns with research emphasizing 

the importance of locally adapted STEAM interventions that resonate with 

community contexts (Calabrese Barton & Tan, 2018).  

Collaboration and teamwork emerged as another critical outcome of STEAM 
education. Group-based, project-oriented learning promotes communication, 

negotiation, and social skills, which are essential for future professional and 

academic success. In Timor-Leste, where traditional classroom practices often 
emphasize teacher-led instruction, integrating collaborative STEAM projects 

could shift the pedagogical paradigm toward more participatory and student-

centered approaches. These strategies have the potential to increase engagement, 
peer learning, and a sense of shared responsibility among students, mirroring 

successes observed in other Southeast Asian contexts (Nguyen, 2024). 

The review also underscores the centrality of teacher professional 

development. Evidence shows that successful STEAM integration is highly 
dependent on teachers’ interdisciplinary knowledge, confidence in inquiry-based 

methods, and ability to scaffold collaborative projects (Cheung, 2024; Margot & 

Kettler, 2019). For Timor-Leste, investing in teacher training programs, 
professional learning communities, and ongoing mentorship is critical. Teachers 

need both pedagogical and practical support to transition from traditional content 

delivery to STEAM-oriented, interdisciplinary instruction. 

Policy support and curriculum design play a pivotal role in facilitating or 
constraining STEAM adoption. Countries with structured curricula and clear 

policy frameworks, such as Singapore, demonstrate higher rates of implementation 

and greater student engagement (Calabrese Barton & Tan, 2018; OECD, 2023). 
For Timor-Leste, aligning the emerging curriculum modernization initiatives with 

national STEAM objectives and ensuring coherent guidance for educators is 

essential. Policies that integrate interdisciplinary learning outcomes, provide 
resources, and encourage experimentation will create an enabling environment for 

sustainable STEAM adoption. 

Infrastructure and access to digital resources were identified as additional 

enablers of STEAM. Hands-on laboratories, technology tools, and experimental 
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materials support active learning and project-based instruction (Pham & Tran, 
2025). In Timor-Leste, the limited availability of such resources represents a 

significant challenge. Strategic investment in low-cost, contextually appropriate 

materials and digital tools can help overcome resource constraints and facilitate 

meaningful STEAM experiences. 
Finally, local adaptation and contextual relevance are crucial for effective 

implementation. Evidence suggests that STEAM initiatives must align with 

cultural, social, and economic realities to maximize engagement and learning 
outcomes (Calabrese Barton & Tan, 2018; SEA-PLM Report, 2023). For Timor-

Leste, designing activities that incorporate local knowledge, language, and 

community practices will enhance relevance, student motivation, and participation. 
In summary, the discussion highlights that while global evidence strongly 

supports the effectiveness of STEAM for developing 21st-century skills, 

successful implementation in Timor-Leste will require a coordinated approach that 

integrates teacher training, curriculum adaptation, infrastructure development, and 
policy support. By strategically addressing these interrelated factors, STEAM 

education has the potential to transform teaching and learning in Timor-Leste, 

preparing students to thrive in the 21st century and contribute meaningfully to 
national development. 

 

CONCLUSION AND IMPLICATIONS 

 

This literature review synthesizes global and regional evidence on STEAM 

education and its potential to enhance 21st-century skills, including critical 

thinking, creativity, collaboration, and problem-solving, with specific implications 
for Timor-Leste. The findings indicate that STEAM approaches are effective in 

fostering interdisciplinary learning, student engagement, and the development of 

competencies necessary for a rapidly evolving global context. However, successful 
implementation requires a holistic and coordinated approach that addresses 

curriculum design, teacher professional development, infrastructure, policy 

support, and local contextualization. 

For Timor-Leste, the review highlights the need to align curriculum 
modernization initiatives with STEAM objectives, integrating interdisciplinary 

learning outcomes that are culturally relevant and reflective of local knowledge 

and community practices. Embedding arts into STEM subjects can enhance 
creativity and innovation, while collaborative, project-based activities can develop 

teamwork and social skills that prepare students for future professional and 

academic challenges. 
Teacher preparation emerges as a critical factor for effective STEAM 

adoption. Investment in professional development programs, mentoring, and 

professional learning communities is essential to equip educators with the 

pedagogical knowledge and confidence to implement inquiry-based, 
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interdisciplinary instruction. Supporting teachers in this way ensures that 
classroom practices align with curriculum goals and promote meaningful student 

engagement. 

Infrastructure and access to digital and experimental resources are additional 

considerations. While resource limitations present a challenge in developing 
contexts, low-cost and contextually appropriate materials, alongside creative use 

of digital tools, can facilitate hands-on STEAM experiences and active learning. 

Policy support and governance are fundamental for creating an enabling 
environment. Clear guidelines, coherent frameworks, and strategic planning can 

encourage schools and teachers to adopt STEAM practices consistently, while 

providing mechanisms for monitoring and evaluating outcomes. Collaboration 
with development agencies and international partners can also support resource 

mobilization, capacity-building, and knowledge exchange. 

In conclusion, STEAM education offers significant promise for transforming 

teaching and learning in Timor-Leste. By addressing teacher readiness, 
infrastructure, curriculum adaptation, and policy alignment, education 

stakeholders can foster students’ 21st-century competencies and prepare a 

generation of learners capable of thriving in global and local contexts. Future 
research should include empirical studies to evaluate the impact of STEAM 

initiatives on student outcomes, teacher practices, and curriculum implementation, 

providing evidence-based guidance for scaling interventions nationally. 
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