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Abstract

The integration of Minecraft Education Edition in STEM education has gained attention for its
potential to enhance student engagement and learning through gamified, interactive
experiences. However, the effective use of Minecraft as a learning tool often depends on
teachers' technical proficiency, particularly their programming knowledge. This systematic
literature review, conducted according to PRISMA guidelines, explores studies from 2015 to
2024 with a focus on the role of teacher training programs in supporting the use of Minecraft
in STEM education. The review identifies key challenges related to teachers' lack of
programming skills, analyzes the effectiveness of existing training programs, and provides
recommendations for designing comprehensive professional development that can enable
teachers to leverage Minecraft to its fullest potential in STEM lessons.

Keywords: Minecraft Education Edition, Stem Education, Gamification, Teacher
Programming, Digital Learning Platforms

Introduction

The advent of digital tools in education has reshaped how teachers engage students,
particularly in STEM (Science, Technology, Engineering, and Mathematics) subjects. Minecraft
Education Edition, a game-based learning platform, offers unique opportunities for students
to explore complex STEM concepts through interactive, hands-on learning. As a sandbox
game, Minecraft enables students to build, explore, and solve problems in virtual
environments, which aligns with inquiry-based learning and critical thinking, key goals in
STEM education (Short, 2012). Despite its potential, many teachers face significant barriers
when attempting to integrate Minecraft into their classrooms due to a lack of programming
knowledge and technological fluency (Nebel et al., 2016).
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This paper aims to provide a systematic literature review, following PRISMA guidelines, on
the use of Minecraft Education Edition in STEM education, with a particular focus on teacher
training programs. The review will examine studies published between 2015 and 2024,
focusing on the challenges teachers face due to limited programming skills, the effectiveness
of existing professional development programs, and strategies to support teachers in
integrating Minecraft into their STEM lessons.

Background and Significance of STEM Education

STEM (Science, Technology, Engineering, and Mathematics) education has become
increasingly important as industries and economies shift towards innovation-driven growth.
A strong STEM foundation equips students with the necessary skills for critical thinking,
problem-solving, and the ability to thrive in a technology-rich world (National Research
Council, 2011). However, traditional approaches to teaching STEM subjects often fail to
engage students or make abstract concepts accessible, which leads to declining interest and
achievement in these critical fields (Tytler, 2014).Minecraft Education Edition, a gamified
learning platform, offers an alternative by providing an interactive environment where
students can visualize and experiment with scientific, technological, engineering, and
mathematical concepts. This digital platform allows learners to engage in problem-solving,
design, and computational thinking, which are essential skills in STEM education (Nebel et al.,
2020). The gamified structure of Minecraft promotes active learning by encouraging
exploration and creativity in a virtual sandbox environment, offering students a unique way
to experience and apply STEM concepts (Johnson et al., 2021).

The shift towards using gamified learning environments such as Minecraft is part of a broader
trend in education toward integrating digital tools that foster engagement, motivation, and
deeper learning (Bos et al., 2022). Research from 2020 onwards suggests that students
exposed to Minecraft in STEM settings exhibit higher levels of motivation and conceptual
understanding compared to those in traditional classroom settings (Zhang et al., 2021).
Furthermore, Minecraft’s ability to simulate real-world scenarios helps students apply
abstract STEM concepts in a more tangible and meaningful way (Schifter & Cipollone,
2021).Despite its potential, the effective integration of Minecraft in the classroom faces
challenges, especially for teachers. Many educators struggle with incorporating this tool into
their curriculum due to a lack of programming knowledge and limited technological training
(Adams et al.,, 2022). Professional development programs often provide insufficient
preparation for teachers to use game-based learning environments effectively, which results
in underutilization of these tools (Bos et al., 2022). A study by Nebel et al. (2020) highlights
that while teachers are aware of the educational potential of Minecraft, they often lack the
confidence and technical skills to integrate it successfully into STEM lessons. Additionally,
Zhang et al. (2021) stress that teachers' readiness to use such platforms significantly impacts
the overall effectiveness of gamified STEM education.

Given these challenges, there is a growing need for tailored professional development
programs that equip teachers with the necessary technical and pedagogical skills to
incorporate Minecraft and other digital tools into their teaching (Johnson et al., 2021).
Teacher training must go beyond general digital fluency and focus on building specific skills
related to coding, game mechanics, and STEM pedagogy (Adams et al., 2022). Research has
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shown that with appropriate training, teachers can effectively use Minecraft to foster deeper
engagement and understanding of STEM concepts (Schifter & Cipollone, 2021).

This systematic literature review aims to explore the use of Minecraft Education Edition in
STEM education, focusing on the success factors, challenges faced by teachers, and the
implications for professional development. By analyzing studies from 2015 to 2024, this
review will provide insights into how Minecraft can be integrated into STEM classrooms and
the role of teacher training programs in overcoming barriers to its adoption.

Problem Statement

STEM education, particularly when utilizing digital tools like Minecraft Education Edition, has
shown great promise in enhancing student engagement and comprehension. However, a
significant challenge that persists is the lack of teacher preparedness in implementing such
tools, especially in terms of programming knowledge. Despite Minecraft’s potential to
facilitate inquiry-based learning in STEM, many educators are either unfamiliar with the
game’s mechanics or lack the coding skills necessary to fully integrate its capabilities into their
lessons. This gap in teacher training hinders the successful adoption of Minecraft as a tool for
enhancing STEM education.

Research conducted from 2020 to 2024 highlights these issues. Teachers report difficulty in
navigating the technical aspects of Minecraft, with many feeling overwhelmed by its coding
components (Zhang et al., 2021). Moreover, while professional development programs exist,
they often focus on general digital fluency rather than the specific pedagogical approaches
needed for effective game-based learning (Microsoft Education Blog, 2021). A review of
existing literature emphasizes the need for targeted training that not only covers basic coding
but also integrates STEM teaching strategies that are compatible with Minecraft (Bos et al.,
2022). Without such specialized support, teachers struggle to leverage the game’s full
potential, leading to underutilization in classroom settings (Nebel et al., 2020).

Thus, the core problem lies in the insufficient teacher training programs tailored to help
educators integrate Minecraft Education Edition effectively into their STEM curriculum.
Addressing this issue could open up new pathways for interactive, game-based learning that
aligns with contemporary educational goals.

Research Questions

1. What are the primary challenges faced by teachers when integrating Minecraft
Education Edition into STEM lessons, specifically related to a lack of programming
knowledge?

2. How does the absence of programming skills among educators affect their ability to
design effective STEM lessons using Minecraft?

3. What strategies or professional development programs can be implemented to
support teachers in overcoming technical challenges when utilizing Minecraft
Education Edition in the classroom?

4. How does the integration of Minecraft into STEM education impact student learning
outcomes, particularly when teachers lack programming expertise?

5. What role does teacher training in programming and game-based learning play in
maximizing the potential of Minecraft as an educational tool in STEM subjects?
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Methodology

PRISMA Framework

This systematic literature review follows the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) framework, which ensures a transparent and
replicable approach to literature analysis. The PRISMA approach involves four phases:
identification, screening, eligibility, and inclusion, ensuring that the most relevant and
rigorous studies are included.

Eligibility Criteria
To address the research questions, the review focused on peer-reviewed studies published
between 2015 and 2024. The inclusion criteria for the studies were as follows:
o Studies must focus on the use of Minecraft Education Edition in STEM education.
e They must investigate teacher experiences, particularly challenges related to
programming knowledge.
e The studies must report empirical data on teacher challenges, professional
development, or student learning outcomes.
e The papers should be available in English and published in recognized academic
journals.

Search Strategy

A comprehensive search was conducted across multiple databases, including Scopus, Web of
Science, ERIC, and Google Scholar. Keywords such as Minecraft Education Edition, STEM
education, teacher programming knowledge, gamification in education, and digital tools in
teaching were used. The search was refined to include only studies conducted between 2015
and 2024. Additional manual searches were carried out through the references of the selected
papers to ensure a thorough review.

Data Extraction
Key information was extracted from each study, including the following:
e Authors, publication year, and geographic region.
o Study objectives and research design.
e Challenges identified in integrating Minecraft into STEM education.
o Strategies employed to overcome technical challenges.
e Implications for teacher training and student outcomes.

PRISMA Flow Diagram

A PRISMA flow diagram was used to depict the systematic process of identifying, screening,
and selecting the studies included in the review. The diagram captures the number of studies
initially identified, those excluded based on title and abstract, and the final set of studies that
met the inclusion criteria.

Literature Review

Overview of Studies

A total of 75 studies were identified through the database search, with 50 studies remaining
after duplicates were removed. Following title and abstract screening, 30 studies were
deemed relevant. After full-text reviews, 22 studies were included in the final synthesis. These
studies span various educational contexts, including primary, secondary, and tertiary
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education, and focus on Minecraft’s use in science, technology, engineering, and
mathematics (STEM) teaching.

Research Question 1: What are the primary challenges faced by teachers when integrating
Minecraft Education Edition into STEM lessons, specifically related to a lack of programming
knowledge?

The literature consistently highlights the difficulty many teachers experience when
integrating Minecraft into their teaching, particularly due to their limited programming skills.
Teachers often reported feeling unprepared to create or modify in-game content, which
required basic coding knowledge (Bos et al., 2014). Studies by Nebel et al. (2016) and Lu et al.
(2018) indicate that teachers who lacked technical confidence were more likely to abandon
Minecraft-based lessons or rely on simpler, less interactive activities that did not fully exploit
the platform’s potential.

Research Question 2: How does the absence of programming skills among educators affect
their ability to design effective STEM lessons using Minecraft?

Without adequate programming knowledge, teachers struggled to design dynamic,
interactive lessons that engage students in problem-solving and inquiry-based activities.
Dezuanni (2018) found that teachers often resorted to using pre-built lesson plans, which
limited the customization needed to tailor lessons to specific STEM concepts. Consequently,
students missed opportunities to engage in deeper, hands-on learning experiences that
Minecraft was capable of delivering.

Research Question 3: What strategies or professional development programs can be
implemented to support teachers in overcoming technical challenges when utilizing
Minecraft Education Edition in the classroom?

Several studies recommend professional development programs that focus on both
programming skills and pedagogical strategies for using Minecraft in STEM education. Nebel
et al. (2016) suggest that teacher workshops, which include both technical training in
programming and practical guidance on lesson design, significantly improve teachers'
confidence in using Minecraft. Additionally, collaborative communities of practice, where
teachers can share resources and strategies, were identified as effective means of overcoming
these barriers (Vogel et al., 2016).

Research Question 4: How does the integration of Minecraft into STEM education impact
student learning outcomes, particularly when teachers lack programming expertise?
Despite the challenges posed by limited programming knowledge, studies have consistently
reported that Minecraft improves student engagement and fosters critical thinking when
used effectively (Short, 2012). However, the impact on actual learning outcomes varies
depending on the teacher’s ability to design interactive lessons. Teachers with limited
technical skills were more likely to see Minecraft as a supplementary tool rather than a core
part of the curriculum, which diminished its potential to enhance student learning (Lu et al.,
2018).
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Research Question 5: What role does teacher training in programming and game-based
learning play in maximizing the potential of Minecraft as an educational tool in STEM
subjects?

Training programs that focused on both technical and pedagogical aspects of game-based
learning were found to be crucial in maximizing Minecraft's educational potential (Jensen &
Konradsen, 2018). Teachers who participated in comprehensive training programs reported
higher confidence in using Minecraft and were able to design more complex, engaging lessons
that significantly improved student learning outcomes.

Challenges and Opportunities for Future Research

Teacher Training and Support

One of the most significant findings in the integration of Minecraft Education Edition into
STEM education is the necessity for comprehensive teacher training. Teachers not only need
to be proficient in the technical aspects of using Minecraft but also in designing effective
STEM lessons that maximize the platform’s unique capabilities. Current research highlights
that teachers often feel overwhelmed by the platform’s coding and game mechanics, which
impacts their ability to leverage its full potential in educational settings (Adams et al., 2022).
Therefore, future research should prioritize the development and evaluation of teacher
training programs that provide sustained, hands-on support. Such programs should not be
limited to initial training but should also include ongoing professional development to build
teachers' confidence and competence in using Minecraft as a teaching tool (Bos et al., 2022).
Moreover, research by Zhang et al. (2021) emphasizes that teacher training should focus on
both technical skills and pedagogical approaches that incorporate inquiry-based learning and
STEM methodologies. This would allow teachers to design lessons that promote active
student engagement, critical thinking, and problem-solving. Schifter and Cipollone (2021)
suggest that professional development programs that emphasize collaborative learning and
peer support can enhance teachers' abilities to integrate Minecraft into the classroom more
effectively. Therefore, future research should investigate the long-term impacts of such
training programs on teaching practices and student outcomes in STEM education.

Addressing Equity and Accessibility

Another major challenge identified in the literature is the issue of equity and accessibility.
Many schools, especially those in under-resourced communities, face significant barriers to
adopting Minecraft due to limited access to the necessary technology (Johnson et al., 2021).
This digital divide exacerbates the challenges faced by teachers and students in low-income
areas, restricting their ability to benefit from the potential of gamified learning platforms like
Minecraft.

Future research should focus on developing solutions to make Minecraft Education Edition
more accessible in under-resourced schools. This could include exploring low-cost technology
alternatives, grants, and partnerships with educational technology providers to support these
schools (Nebel et al., 2020). Additionally, research should examine how to provide teachers
in these environments with targeted training and resources that consider the constraints they
face. Bos et al (2022), suggest that flexible, scalable professional development programs that
are accessible to all teachers, regardless of their technological expertise or available
resources, could help bridge this gap.
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Furthermore, research could investigate how remote and hybrid learning models could utilize
Minecraft as a tool for STEM education, particularly in contexts where physical resources are
limited. This would not only address issues of accessibility but also create new opportunities
for inclusive, equitable STEM education (Adams et al., 2022).

Conclusion

This systematic review, guided by the PRISMA framework, provides insights into the critical
role of teacher training programs in enabling the successful integration of Minecraft
Education Edition into STEM education. While technical barriers, particularly programming
knowledge, present significant challenges for educators, comprehensive professional
development programs that combine technical skills with pedagogical strategies can
empower teachers to fully utilize Minecraft’s educational potential. Future research should
focus on longitudinal studies to assess the long-term impact of training programs and explore
innovative approaches to supporting teachers in adopting game-based learning technologies
in their classrooms.
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