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published between 2015 and 2025. After completing the screening process, 15
eligible studies meeting the inclusion and exclusion critetia were selected and
subjected to qualitative analysis. The synthesis of findings led to the identification
of four cognitive themes: foundations of spatial processing (mental rotation,
spatial retrieval, and spatial thinking); logical-computational reasoning
(algorithmic understanding, computational and abstract thinking, and procedural
thinking); executive and regulatory functions (management of attentional
resources, cognitive—emotional self-regulation, episodic memory, and semantic
memoty); and the development of adaptive and creative capacities (spatial
reasoning, creative representation, and creativity). The evidence indicates that
Minecraft, as an interactive cognitive ecosystem, provides a platform for deep
mental engagement. In addition, bibliometric mapping was conducted using
VOSviewer to visualize thematic structures and research trends within the
selected studies. However, the effects of this game are influenced by moderating
variables such as age, group structure, and the cognitive load atising from social
competition. This review highlights the potential of Minecraft as a multifaceted
educational tool and underscores the need for the development of novel
assessment instruments and the investigation of undetlying neural mechanisms
to fully understand these adaptive capacities.
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Introduction

Over the past decade, the use of digital games has increased substantially.
Research indicates that these games are not merely tools for entertainment;
rather, they function as rich environments for strengthening cognitive processes,
developing thinking skills, and enhancing learning (Chen & Tu, 2021; Hughes-
Roberts et al., 2020). With the rapid development of digital technologies and
widespread access to interactive tools, the use of game-based learning
environments across different educational levels has expanded. Today, this
approach is recognized as one of the most effective contemporary instructional
methods. Digital games provide opportunities for active learning, deep cognitive
engagement, immediate feedback, and experience-based problem solving. These
characteristics foster increased intrinsic motivation, sustained attention, and
learner engagement (Bakan & Bakan, 2018).

One prominent example of such digital games is Minecraft. In recent years,
this game has become one of the most popular and best-selling digital games,
characterized by a sandbox environment and an open-ended structure. The core
mechanics of the game are built around three dynamics exploration, resource
extraction, and construction which can be implemented in two primary modes.
In Survival mode, players must manage resources, build shelters, and confront
threats, thereby practicing problem-solving and strategic thinking skills. In
contrast, Creative mode provides unlimited access to all blocks and tools,
offering an unconstrained space for creating, testing, and implementing complex
architectural, engineering, and artistic ideas. By providing a flexible three-
dimensional environment, Minecraft enables players to engage in designing
structures, collecting resources, and executing diverse projects through the use
of individual creativity (Slattery, Butler, O’Leary, & Marshall, 2023).

Research suggests that a considerable number of children and adolescents
spend substantial amounts of time playing Minecraft on a daily basis (Kilmer,
Spangler, & Kilmer, 2023; Merildinen & Ruotsalainen, 2024; Pettersen, Arnseth,
& Silseth, 2025). This widespread engagement has created an opportunity for
the targeted use of Minecraft particularly its educational versions to enhance
higher-order cognitive skills such as logical reasoning. The exploratory nature of
Minecraft places players in situations that require environmental analysis,
planning, resource integration, and anticipation of decision outcomes processes
that are directly associated with logical reasoning and executive functions
(Partridge, 2022). Moreover, the effective execution of these complex tasks
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simultaneously requires the engagement and strengthening of other executive
function components, particularly working memory and attention (Ziv, Lidor,
& Levin, 2022). The dynamic, multitasking nature of the game compels players
to maintain and manipulate multiple streams of information while sustaining
attention toward goals amid diverse stimuli, thereby enhancing attentional
control (Franceschini et al, 2022; Liu, 2024). The open and unrestricted
structure of Minecraft, which allows free design and construction of varied
structures, provides a safe environment in which players can test ideas,
experience failure, and reconstruct solutions a process that strengthens divergent
thinking and creative mental representations (Saricam & Yildirim, 2021).

Despite the growing body of research on the use of digital games in
education, existing evidence regarding the cognitive effects of Minecraft remains
fragmented and heterogeneous. Some studies emphasize improvements in
specific skills such as creativity and problem solving (Tangkui & Keong, 2023),
whereas others focus more on collaboration, motivation, or academic
engagement (Slattery et al., 2021). This diversity in aims, methodologies, and
assessment indicators complicates the comparison and interpretation of findings
and hinders the development of a unified understanding of the cognitive
mechanisms activated by this game. Consequently, there is a need for a
comprehensive, theory-driven systematic review to synthesize existing findings
and address the fundamental question of which cognitive components are
affected by Minecraft, under what conditions these effects are strengthened or
weakened, and which gaps should be addressed in future research. Accordingly,
the present study adopts a systematic review approach to examine the cognitive
effects of the digital game Minecraft across different age groups and educational
contexts.

Research Question
Which cognitive domains are most consistently influenced by engagement with
the digital game Minecraft?

Literature Review

Prior research on the cognitive effects of digital games particularly Minecraft
demonstrates the high potential of this virtual environment for experience-based
learning and constructive interaction. In recent years, researchers such as Lee,
Jang, and Rollins (2024) and Slattery et al. (2021) have examined the
constructivist nature of Minecraft. Their findings indicate that the open, creative,
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and problem-oriented environment of the game leads to deeper cognitive
engagement and increased intrinsic motivation among learners. Notably, when
activities are designed collaboratively and grounded in cooperative learning,
social interaction and students’ cognitive development are further enhanced
(Andersen & Rustad, 2022; Lee et al., 2024; Slattery et al., 2021).

The three-dimensional, construction-based nature of Minecraft also makes it
a valuable tool for investigating spatial processing skills. During gameplay,
players must continuously visualize block shapes, mentally rotate them, design
and plan complex structures, retrieve spatial locations within a mental map, and
apply spatial reasoning to complete constructions. Such sustained and goal-
directed interactions with virtual space can potentially challenge and strengthen
key components of spatial processing, including visuospatial working memory,
mental rotation, depth perception, and structural integration (Andrus et al.,
2020).

Other studies have focused on executive functions and cognitive
empowerment resulting from Minecraft gameplay. In this regard, Smith and
Basak (2023) demonstrated that sustained engagement in the Minecraft
environment activates processes such as memory and planning and may lead to
long-term improvements in these functions. Similarly, Becker et al. (2024)
reported that three-dimensional games such as Minecraft enhance sustained
attention and decision-making by increasing connectivity within prefrontal and
right parietal neural networks (Becker et al., 2024; Smith & Basak, 2023).

At the individual level, the findings of Tangkui and Keong (2023) indicate
that Minecraft promotes cognitive self-regulation and learners’ self-efficacy by
creating challenging, goal-directed, and self-guided situations. Through
gameplay, players learn to set goals, manage resources, and apply effective
cognitive strategies to solve complex problems (Tangkui & Keong, 2023).

Opverall, the reviewed literature suggests that Minecraft provides an effective
platform for the interaction between play, cognition, and learning. These
findings pave the way for the design of innovative educational and cognitive
interventions in which games are considered not merely as entertainment tools,
but as instruments for cultivating the mind and promoting cognitive
development.
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Methodology

This study employed a systematic review approach to identify, evaluate, and
analyze studies examining the effects of Minecraft on learners’ cognitive
processes. The search strategy was designed and implemented in accordance
with PRISMA guidelines (Page et al., 2021). A systematic search was conducted
across four international databases: Scopus, ScienceDirect, ERIC, and Web of
Science. The search covered articles published between January 1, 2015, and
November 20, 2025. Boolean operators (AND, OR) were used to combine
keywords related to Minecraft and cognitive processes, including combinations
such as: (“Minecraft”) AND (“cognitive ability” OR “cognitive skills” OR

“executive function”).

To enhance the rigor and validity of the review, inclusion and exclusion
criteria were predefined. Methodological quality was assessed using the 2018
version of the Mixed Methods Appraisal Tool (MMAT), which allows
simultaneous evaluation of qualitative, quantitative, and mixed-methods studies.
Each study was independently reviewed and scored by two evaluators, and all
included studies demonstrated acceptable methodological quality. Only peet-
reviewed articles published in reputable international journals and written in
English were included.

Due to heterogeneity in study designs, participant populations, and
measurement instruments, a qualitative—descriptive synthesis approach was
adopted. After extracting and organizing key data, findings were categorized
according to shared cognitive themes. Similarities and differences across studies
were examined within each theme to identify convergent patterns as well as
inconsistencies that warrant further discussion.

The search and screening process followed the four PRISMA stages:
identification, initial screening (title and abstract), full-text assessment, and final
inclusion. All stages were conducted independently by two researchers, with
disagreements resolved through discussion and consensus. EndNote 21 was
used for reference management and duplicate removal. Initially, 561 records
were identified; after removing 185 duplicates and excluding 339 irrelevant
studies, 15 articles met the inclusion criteria and were selected for final analysis.

Results
Through a systematic review of reputable databases and the rigorous application
of inclusion and exclusion critetia, relevant studies and articles were identified
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and screened. Ultimately, 15 studies examining cognitive functions associated
with Minecraft gameplay were selected and analyzed. These studies
encompassed diverse age groups, ranging from children to middle-aged adults,
and employed a variety of research designs, including randomized controlled
trials, quasi-experimental studies, and qualitative research. To provide a coherent
and systematic overview of the characteristics and methodological quality of the
included studies, two main tables were developed. Table 3 presents key features
of each study, including authors, year of publication, country, research design,
and keywords. Subsequently, the Mixed Methods Appraisal Tool (MMAT)
checklist was used to objectively assess the methodological quality of each
selected study and to ensure the credibility of their findings.

The systematic analysis of the selected studies revealed that Minecraft has
been employed as an effective research tool serving as an intervention, an
assessment instrument, or a learning environment to examine its effects on
cognitive performance across different age groups. Through qualitative review
and coding of the studies, four primary cognitive domains were identified:
foundations of spatial processing, logical-computational reasoning, executive
and regulatory functions, and the development of adaptive and creative
capacities. For more in-depth analysis, each main domain was further subdivided
into specific components or subdomains. In the following sections, each of these
domains and their related components is analyzed and discussed based on
evidence from the reviewed studies.

Theme 1: Foundations of Spatial Processing

The largest body of research focused on the role of Minecraft in enhancing
various components of spatial processing. The nature of Minecraft as a three-
dimensional, block-based construction environment requires players to
continuously visualize, mentally rotate, and combine shapes and structures.
Among the most frequently examined components of spatial processing in these
studies are mental rotation, spatial retrieval, and spatial thinking.

Mental Rotation

Evidence indicates improvements in performance on standard mental rotation
tasks, such as the Mental Rotation Test (MRT), following Minecraft-based
interventions. For example, Carbonell-Carrera et al. (2021) demonstrated in a
six-hour workshop with engineering students that practicing the transformation
of two-dimensional representations into three-dimensional constructions within
the game led to statistically significant improvements in MRT scores. Similarly,
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a pilot study by Nguyen et al. (2016) reported positive trends in both speed and
accuracy of mental rotation. However, findings are not uniformly consistent.
McCashin (2019) showed that implicit learning of spatial geometry concepts
(e.g., volume and surface area) during gameplay was not necessarily reflected in
traditional paper-and-pencil assessments. This discrepancy highlights a potential
gap between learning occurring in rich digital environments and learning
measured by conventional assessment tools, underscoring the need for the
development of evaluation methods aligned with digital learning contexts.

Spatial Retrieval

Minecraft has also been used as a valid tool for studying spatial memory in basic
cognitive research. A detailed study by Simon (2022) demonstrated that
standardized environments created within Minecraft can be used to
independently measure components of location memory and navigation. Key
findings indicated that a period of sleep preserved location memory accuracy,
whereas navigation skills improved in both sleep and wake conditions. These
results highlight the unique potential of Minecraft for neuroscientific research
on memory consolidation.

Spatial Thinking

The educational effects of Minecraft on spatial thinking at the classroom level
have yielded more complex results. In this regard, Slattery et al. (2024) reported
that a six-week instructional program did not lead to a significant overall
improvement in spatial thinking across the entire sample. However, subgroup
analysis revealed improvements among fifth-grade students but not sixth-grade
students which the authors attributed to higher levels of engagement and interest
in the younger group. In contrast, a qualitative study by Butler (2017) provided
deeper insights, showing a strong negative correlation between the personal
meaning-making and naming of landmarks in the game environment and spatial
navigation efficiency (r = —0.88). This finding illustrates the complex and
reinforcing interaction among spatial processing, working memory, and
semantic memory during effective navigation.

Theme 2: Logical-Computational Reasoning

Minecraft particularly through its coding features such as MakeCode provides a
powerful platform for fostering computational thinking.
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Understanding Algorithmic Concepts

Educational interventions have resulted in significant improvements in students’
understanding of concepts such as loops and conditionals. Qualitative analyses
indicate that higher-order processes facilitated by the game such as debugging
and problem decomposition were among the most frequently reported
computational thinking strategies. This suggests that the game environment
motivates and enables repeated practice of critical problem-solving skills (Kutay
& Oner, 2022). Strong evidence also indicates that hands-on experience in the
tangible Minecraft environment can lead to better understanding of abstract
concepts. Naykki et al. (2021) reported that a high percentage of students were
able to correctly define basic geometric concepts (point, line, plane) within the
game context after a Minecraft-based coding program. This finding supports the
role of the game as a bridge between concrete experience and abstract rule
formation.

Computational Thinking

Research by Kutay et al. (2022) demonstrated that this environment naturally
encourages students to adopt complex strategies such as debugging, iterative
refinement, and problem decomposition. Evidence of emerging algorithmic
thinking and pre-execution planning was also observed. Bile (2022) noted that
Minecraft, by providing a tangible context that supports a reversed learning
experience (from action to rule), facilitates the understanding of abstract
concepts in computer science and mathematics, thereby promoting
computational thinking (CT). As an effective mediating tool, the environment
supports the transition from practical experience to conceptual rule-based
reasoning.

Procedural Thinking

Qualitative findings from a study by Korte (2025) indicated that participation in
these activities led to the development of students’ understanding of
computational thinking as a procedural mode of reasoning, encompassing
problem decomposition, algorithmic thinking, causal reasoning, creative
problem solving, multidimensional thinking, and the connection of
computational thinking to everyday life and academic subjects. Additionally, a
study by Tangkui and Keong (2023) examined the effects of Minecraft-based
instruction on fifth-grade students’ higher-order thinking skills (HOTS) in
solving fraction problems. The findings showed that the experimental group
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demonstrated significant improvements compared to the control group in the
three HOTS components of analysis, evaluation, and creation.
Theme 3: Executive and Regulatory Functions

Management of Attentional Resources

A study by Nebel (2016) examined the effects of social competition on cognitive
processes in a Minecraft-based educational environment. The findings indicated
that although the game environment itself is engaging, socially competitive
conditions particularly in large groups (classroom settings) significantly increased
extraneous cognitive load. This increase, in turn, led to reduced focused
attention compared to individual gameplay conditions. These results suggest that
while social competition may enhance arousal and initial engagement, its nature
especially in large groups can impose additional cognitive load, depleting
attentional resources and ultimately reducing focused attention on core
educational content.

Cognitive—Emotional Self-Regulation

The fourth case study in Naykki et al. (2019), which examined learning in Fab
Lab environments, provided concrete evidence of growth in learners’ cognitive-
emotional self-regulation. The findings clearly demonstrated how engagement
in complex, open-ended projects within construction-based learning
environments such as Fab Labs philosophically similar to the open nature of
Minecraft can provide a powerful context for fostering essential self-regulation
skills, including emotion management (e.g., controlling perfectionism and
impatience), autonomy, and effective collaboration.

Episodic Memory

A study by Stark et al. (2021) investigated the effects of Minecraft gameplay on
hippocampus-dependent episodic memory in middle-aged adults. The findings
showed that the intervention group, which engaged in active and exploratory
Minecraft gameplay for approximately 38 minutes per day over a four-week
period, demonstrated significantly greater improvements in lure discrimination
index (LDI) a measure dependent on hippocampal function compared to a
passive control group. This pattern suggests that while mere engagement in an
activity may confer some benefits, active exploration within a rich three-
dimensional environment such as Minecraft provides an added advantage for
strengthening detailed memory.

Semantic Memory
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A study by Butler (2017) examined the role of semantic memory and verbal
encoding processes in navigation within Minecraft-based simulated
environments. In this study, 12 participants were asked to spontaneously name
salient locations while exploring a complex underground environment in
Minecraft. The findings indicate that activating and utilizing semantic memory
through naming supports the formation of richer cognitive maps, thereby
facilitating more efficient navigation in complex environments.

Theme 4: Development of Adaptive and Creative Capacities

Spatial Reasoning and Creative Representation

Gesthuizen (2025), through three case studies, examined the role of the virtual
Minecraft environment in fostering systems thinking and environmental
sustainability understanding. In one case, students used Minecraft to design and
construct a sustainable city. The findings showed that this complex activity
directly enhanced learners’ spatial reasoning. Not only did students create virtual
buildings and gardens, but they also actively began to map the digital city model
onto the surrounding physical environment by looking at the screen and
pointing to analogous physical spaces (e.g., real walls and pavements), thereby
forming dynamic links between digital and physical representations.

Creativity

The open-ended and constructive nature of Minecraft provides a fertile context
for the emergence and development of creativity. A study by Shaw (2022)
investigated the cognitive and personality factors influencing creativity within
the Minecraft environment. In this study, creativity in Minecraft constructions
was decomposed into two components: novelty (originality of ideas) and
usefulness (practical applicability). The findings confirmed a conceptual
distinction between novelty and usefulness in game-based creativity and
demonstrated that creativity in open and exploratory environments such as
Minecraft is not solely determined by cognitive abilities, but is also strongly
influenced by personality traits particularly openness to experience which play a
decisive role in the production of functional and practical creative outcomes.

Conclusion

The findings of this systematic review demonstrate that Minecraft functions as
a multifaceted cognitive, educational, and research tool rather than merely a
digital game. Evidence from 15 selected studies indicates that structured
interaction with this rich, open environment can influence a wide range of
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cognitive functions across age groups. Its primary strength lies in enabling the
visualization of abstract concepts, fostering meaningful learning, and promoting
process-oriented and creative problem solving.

However, the review also highlights critical challenges, particularly regarding
assessment. Several studies reveal a gap between observed in-game learning and
performance on traditional assessments, underscoring the need for innovative,
game-aligned evaluation methods. Future research should prioritize longitudinal
designs, larger samples, investigation of underlying neural mechanisms, and the
development of integrated assessment frameworks capable of capturing both
learning processes and outcomes.

In the era of digital learning, Minecraft should be regarded not as a peripheral
form of entertainment, but as a powerful cognitive and educational tool that
deepens our understanding of human-computer interaction and cognitive
development.
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Author/Year Study Design | MMAT Category Questions

Carbonell- Quantitative Quantitative non- 4.1, 4.2: Yes

Carreraetal.  non-randomized randomized 4.3: Yes (groups comparable); 4.4: Yes (pre/post);

(2021) 4.5: Yes (complete outcome data); 4.6: Yes (blinding
unlikely to affect).

Korte et al. Qualitative Qualitative 1.1,1.2: Yes

(2025) 1.3: Yes (appropriate methods); 1.4: Yes (data
collection linked to research Q); 1.5: Yes (findings
adequately derived from data).

Kutay et al. Mixed methods Mixed methods 5.1,5.2: Yes

(2022) 5.3: Yes (integration of QUAN & QUAL); 5.4: Yes
(integration addresses research Q); 5.5: Yes
(divergences addressed).

McCashinet  Mixed methods Mixed methods 5.1,5.2: Yes

al. (2019) 5.3: Yes (QUAN & QUAL integrated); 5.4: Yes
(integration aligns with Q); 5.5: Yes (adequately
interpreted).

Simon et al. Quantitative Quantitative 3.1,3.2: Yes

(2022) randomized randomized 3.3: Yes (randomization appropriate); 3.4: Yes
(groups comparable); 3.5: Yes (blinding unlikely to
affect outcome).

Slattery etal.  Mixed methods Mixed methods 5.1,5.2: Yes

(2024) 5.3: Yes (integration clear); 5.4: Yes (integration
relevant); 5.5: Yes (findings coherent).

Stark et al. Quantitative Quantitative non- 4.1, 4.2: Yes

(2021) non-randomized randomized 4.3: Yes (baseline comparable); 4.4: Yes (pre/post
design); 4.5: Yes (outcome data complete); 4.6: Yes
(no outcome influence by blinding).

Gesthuizenet  Qualitative Qualitative 1.1,1.2: Yes

al. (2025) 1.3: Yes (case study appropriate); 1.4: Yes (data
linked to Q); 1.5: Yes (findings derived from data).

Nebel et al. Quantitative Quantitative non-  4.1,4.2: Yes

(2016) non-randomized randomized 4.3: Yes (groups comparable); 4.4: Yes (between-
subjects); 4.5: Yes (outcome data complete); 4.6: Yes
(blinding not relevant).

Nguyenetal.  Quantitative Quantitative non- 4.1, 4.2: Yes

(2016) non-randomized randomized 4.3: Partially (pilot study, small sample); 4.4: Yes
(pre/post); 4.5: Yes; 4.6: Yes.

Amy Shaw Quantitative Quantitative 2.1,2.2:Yes

(2022) descriptive descriptive 2.3: Yes (sample representative); 2.4: Yes
(measurements appropriate); 2.5: Yes (low risk of
nonresponse bias).

Butler (2017)  Quantitative Quantitative non- 4.1, 4.2: Yes

non-randomized randomized 4.3:Yes; 4.4: Yes; 4.5: Yes; 4.6: Yes.

Naykkietal.  Qualitative Qualitative 1.1,1.2: Yes

(2019) 1.3: Yes (case study appropriate); 1.4: Yes; 1.5: Yes.

Bile (2022) Mixed methods Mixed methods 5.1,5.2: Yes
5.3: Partially (integration unclear); 5.4: Yes; 5.5: Yes.

Tangkui etal.  Quantitative Quantitative non-  4.1,4.2: Yes

(2023) non-randomized randomized 4.3: Yes (groups comparable); 4.4: Yes (quasi-

experimental); 4.5: Yes; 4.6: Yes.




