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Abstract. The Extended Reality (XR) technologies of Augmented, Virtual, and
Mixed Reality are increasingly proposed for computer science education (CSE),
yet the existing review and survey literature is fragmented across technologies,
topics, and methods. This umbrella review synthesizes evidence from reviews
and surveys on XR in computer science and related computing education, fo-
cusing on devices, platforms, software, educational levels, learning outcomes,
and reported challenges. We searched the Scopus database from 2013 to 2025
for review-type or systematic studies on XR in computing education. We in-
cluded five reviews covering 224 primary studies published between 2009 and
2023. While XR consistently supports motivation, engagement, and conceptual
understanding of complex computing concepts, technical limitations, accessibil-
ity constraints, and weak instructional design remain persistent challenges. We
identify trends, gaps, and research priorities, offering actionable implications
for computing educators and researchers.

Keywords: XR; Systematic Review; Computer Science Education; Umbrella Re-
view; PRISMA.

1. INTRODUCTION

Extended Reality (XR) technologies, encompassing Virtual Reality (VR), Augmented Re-
ality (AR), Mixed Reality (MR), and WebXR, are increasingly adopted to support teach-
ing and learning in computer science education (CSE) [Pirker et al. 2021]. These immer-
sive environments allow students to visualize abstract concepts, interact with complex
systems, and practice skills in safe, controlled settings, which is particularly valuable
for topics such as algorithms, data structures, programming, and cybersecurity. In ed-
ucational contexts, XR is relevant because it enables learners to interact using games
with cross-curricular learning [MacCallum 2022]. For CSE specifically, XR supports
game-based approach for teaching algorithms and data structures [Su et al. 2021], sit-
uated practice of programming and debugging in meaningful scenarios, and immer-
sive simulations of cybersecurity or networking environments that are difficult to repli-
cate in traditional classrooms [Alnajim et al. 2023]. Several quasi-experimental and
experimental studies provide evidence of higher post-test scores [Tsai and Lai 2022],
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greater attention and motivation [Ekman et al. 2024], and improved practical skills
[Lampropoulos et al. 2023, Buchner and Kerres 2021] when XR is well designed. Evi-
dence also emphasizes that a sense of presence including spatial, social, cognitive, and
co-presence dimensions significantly influences learning, underlining the importance of
instructional design, interaction strategies, and tailored environments [Wei et al. 2025].

Existing literature shows that XR has been applied across a broad range of
computer science topics, from introductory programming and data structures to algo-
rithmic problem solving and computational thinking, typically through task- or game-
based designs aligned with curricular objectives. Prior studies report the use of AR
for logic and introductory programming [Tsai and Lai 2022, Mina et al. 2021], mo-
bile AR applications for Python and data-structure practice [Branco and Pombo 2023,
Narman et al. 2020], and VR simulations or games for algorithm visualisation and
problem solving [Villegas-Ch et al. 2024, Dewi et al. 2024]. Beyond technical learn-
ing, AR- and gamification-based approaches have also been associated with in-
creased engagement, motivation, and collaborative skills [Lampropoulos et al. 2023,
Buchner and Kerres 2021]. However, existing reviews and primary studies often focus
on single technologies, specific educational levels, or narrow methodological perspec-
tives, resulting in a fragmented evidence base that limits consolidated understanding of
effective XR designs and research gaps in CSE. As XR in CSE is already represented
by several systematic reviews and mapping studies, an umbrella review is appropriate to
integrate review-level evidence, compare findings across reviews, and identify consistent
gaps that are not visible in a single systematic review. This umbrella review synthesizes
review-level evidence on XR in CSE.

XR in CSE has expanded rapidly in scope and scale, yet educators and researchers
still lack a consolidated, higher-level view that connects technologies, applications, out-
comes, and methodological quality across existing reviews. This umbrella review is rel-
evant because it synthesizes dispersed review-level evidence into a coherent picture that
directly addresses the four research questions as follows:

1. RQ1 – Technological landscape: What XR devices, platforms, and software
tools are reported across reviews of XR in CSE?

2. RQ2 – Educational applications and outcomes: Which CSE topics and educa-
tional levels are targeted, and what learning outcomes and evidence are reported?

3. RQ3 – Global and regional patterns: How do XR-CSE review findings and
emphases vary across regions, with particular attention to Brazil/Latin America
versus the rest of the world?

4. RQ4 – Methodological quality and gaps: What is the methodological quality
of existing XR-CSE reviews, and what gaps and future research priorities do they
identify?

This umbrella review contributes to the literature in three main ways. First, it
consolidates results from five recent systematic reviews and systematic mapping studies,
together covering 224 primary studies, into a single, coherent synthesis focused on Com-
puter Science and programming education. Second, it maps XR technologies, educational
applications, and outcome evidence across both K–12 and higher education, highlighting
convergent findings and divergences between contexts. Third, it systematically identifies
cross-cutting methodological limitations and research gaps identified in the past reviews
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including regional diversity, thereby providing a concrete future research agenda for XR
in CSE.

2. METHODS
This study adopts an umbrella review approach, synthesizing evidence from
systematic reviews and mapping studies rather than primary empirical research
[Fernandez et al. 2025]. This umbrella review was carried out following the PRISMA1

protocol, which ensures a structured approach throughout the entire process from data
collection until reporting of results [Page et al. 2021]. For the purpose of data collection,
we selected the Scopus2 database, as it integrates content from various major sources in
the field (e.g., ACM, IEEE Xplore, and Springer) and has been widely adopted as a com-
prehensive data source. The search query was: ( TITLE-ABS ( ”virtual reality” ) OR
TITLE-ABS ( VR ) OR TITLE-ABS ( ”augmented reality” ) OR TITLE-ABS ( AR )
OR TITLE-ABS ( ”mixed reality” ) OR TITLE-ABS ( XR ) OR TITLE-ABS ( ”im-
mersive learning” ) OR TITLE-ABS ( WebXR ) ) AND ( TITLE-ABS ( ”computer
science education” ) OR TITLE-ABS ( ”computer education” ) OR TITLE-ABS (
”programming education” ) OR TITLE-ABS ( ”computing education” ) OR TITLE-
ABS ( ”software engineering education” ) ) AND ( review OR ”systematic review”
OR ”scoping review” OR ”meta-analysis” OR survey OR ”literature review” ).

2.1. Eligibility Criteria

Eligibility criteria were defined a priori to identify review-level studies relevant to XR
in computer science and programming education. The inclusion criteria are studies
explicitly identified as review-type publications (systematic reviews, mapping reviews,
scoping reviews, meta-analyses, surveys, or structured literature reviews) and that exam-
ined XR technologies (including VR, AR, MR, XR, WebXR, or metaverse platforms) as
a primary focus or substantial component. Eligible studies needed to address computer
science, computing, programming, or software engineering education, be published as
peer-reviewed journal articles or full conference papers, and written in English between
2013 and 2025. Additionally, studies were required to provide adequate methodological
transparency regarding their search procedures, selection criteria, and synthesis approach
in order to be considered systematic in nature

Studies were part of the exclusion criteria if they were primary empirical re-
search, non-review conference papers, thesis chapters, opinion or commentary pieces,
book chapters, or errata. Non-English papers were also removed. Bibliometric stud-
ies were excluded because they primarily offer descriptive overviews of research activity
rather than conceptual or systematic syntheses. Finally, three review studies that appeared
relevant based on their titles and abstracts were excluded because full texts could not be
obtained despite contacting the authors.

2.2. Search Procedure

The Scopus database was searched for title/abstract terms related to XR and computing
education between 2013 and 2025 using a predefined query (see Section 2). The initial

1http://prisma-statement.org
2https://www.scopus.com/home.uri.
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search returned 135 records. After removal of errata/book chapters (n=8), non-English
items (n=2), and primary empirical studies (n=117), 15 candidate reviews remained. Fol-
lowing a full-text assessment and team discussion, we further excluded out-of-scope re-
views (n=4), bibliometric analyses (n=3) that were not conceptual or systematic reviews,
and 3 reviews that were inaccessible despite attempts to contact the authors. Ultimately,
5 reviews met all criteria and were included in this umbrella review. Figure 1 presents
a flowchart that summarizes our procedures for identifying the final sample based on the
PRISMA framework.

Figure 1. PRISMA flowchart for the umbrella review

From each included review we extracted: scope and aims, review type, databases
searched, inclusion criteria used by the review authors, number of primary studies cov-
ered, reported XR devices/platforms/software (RQ1), targeted CS topics and educational
levels (RQ2), reported learning outcomes and evidence (qualitative/quantitative), geo-
graphic coverage (RQ3), and the methodological strengths/limitations (RQ4) reported by
the review authors. Extraction was performed independently by two authors to ensure
reliability and validity, and disagreements were resolved through discussion.

Because the aim was to synthesize at reviews level, the umbrella review assessed
methodological transparency and completeness rather than attempting to re-evaluate risk
of bias for all underlying primary studies. We examined the included reviews’ design
and reporting quality using standard characteristics for review reporting (explicit research
questions, database list and search dates, inclusion/exclusion criteria, study selection flow,
critical appraisal of included primary studies, and transparency of synthesis methods).
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3. RESULTS
The five included reviews (as denoted below from R1 to R5) together synthesize 224 pri-
mary studies including studies published between 2009 and 2023 (See Figure 2), covering
XR technologies in educational contexts relevant to computer science and programming.
They comprise:

1. R1: A systematic review of educational metaverses across disciplines, drawing
on 26 studies and using the Evaluating Game and Simulation-based Education
(EGSE) framework [Ak et al. 2025].

2. R2: A systematic review of emerging technologies AI, learning analytics , and XR
for assessment and feedback in higher education computing, analysing 38 studies
[Sembey et al. 2024].

3. R3: A systematic mapping review of emerging technologies (AI, ML, IoT, AR,
VR) in K–12 education, based on 107 records from multiple fields including com-
puting education [Van Mechelen et al. 2023].

4. R4: A systematic review of virtual reality in computer science education, focus-
ing on devices, contexts, and evaluation methods in 22 VR focused CS studies
[Malik et al. 2023].

5. R5: A systematic review of augmented reality in programming education,
analysing 31 AR-based interventions aimed at computational thinking and cod-
ing skills [Theodoropoulos and Lepouras 2021].

Figure 2. Publication development of articles in this umbrella review (n = 5)

In the following sections, we answer the defined RQs considering the results ob-
tained from the analysis of these reviews.

3.1. RQ1 – Technological Landscape: XR Devices, Platforms, and Tools
The review on VR in CSE reports that VR implementations rely mainly on head-
mounted displays, with Oculus-class consumer headsets most commonly used to de-
liver immersive, game-like instructional modules and serious games for topics such
as programming, data structures, algorithms, cybersecurity, cloud computing, and IoT
[Malik et al. 2023]. Evaluations typically combine user-experience and usability ques-
tionnaires with performance-based measures (e.g., tests or task completion). The AR pro-
gramming review synthesises classroom and child–computer interaction studies in which
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AR is predominantly delivered via mobile phones and tablets, complemented by tangible
AR setups that augment physical blocks to represent programming constructs and control
flow [Theodoropoulos and Lepouras 2021]. Most systems are bespoke educational appli-
cations (e.g., custom-built software solutions), often marker-based and occasionally using
head-mounted AR, designed to make abstract programming concepts visible and manip-
ulable for novice learners [Theodoropoulos and Lepouras 2021]. The metaverse review
depicts a broader XR landscape, where 3D virtual worlds (e.g., Second Life, OpenSim),
2D metaverse-like platforms (e.g., Gather Town), and hybrid XR-integrated environments
are used for simulations, role-play, collaboration, and virtual field trips across disciplines
[Ak et al. 2025]. Access ranges from desktop and laptop computers to fully immersive
HMD-based configurations, with a trend towards more configurable platforms tightly cou-
pled to learning management systems[Ak et al. 2025].

In higher-education computing assessment and feedback, XR appears as VR
training environments and AR applications (including HoloLens) embedded in assess-
ment workflows to provide performance and metacognitive feedback alongside data col-
lection [Sembey et al. 2024]. Although less prominent than AI and learning analyt-
ics, these cases illustrate how XR can be integrated into feedback cycles in computing
courses.[Sembey et al. 2024]. The K–12 emerging-technologies mapping treats AR and
VR as one category of “technologies and tools for learning”, indicating that both off-the-
shelf and custom XR systems are used alongside AI, ML, and IoT to support computing
and computational literacy, without detailing specific devices [Van Mechelen et al. 2023].

Summary: Across the five reviews, consumer VR HMDs and mobile/tablet-based
AR are the most frequently reported hardware, with Unity as the dominant develop-
ment environment and AR frameworks such as ARCore/ARKit and Vuforia commonly
used for mobile AR.[Ak et al. 2025, Sembey et al. 2024, Van Mechelen et al. 2023,
Malik et al. 2023, Theodoropoulos and Lepouras 2021] Web-based XR (e.g., We-
bXR/WebGL) is noted as an emerging but less common solution, while software im-
plementations are predominantly bespoke visualisations, block-based programming envi-
ronments, and simulation systems rather than reusable, standardised platforms, limiting
replication and scalability.[Ak et al. 2025, Van Mechelen et al. 2023, Malik et al. 2023,
Theodoropoulos and Lepouras 2021].

3.2. RQ2 – Educational Applications and Outcomes

Across the five reviews, XR is applied to a wide range of CSE topics and learning objec-
tives. In K–12 contexts, AR and VR are primarily used to support:

1. Fundamental programming concepts such as variables, conditionals, loops, and
functions.

2. Introduction to data structures like lists, arrays, stacks, and queues.
3. Algorithmic thinking, including searching and sorting algorithms.
4. Computational thinking skills such as decomposition, pattern recognition, and de-

bugging.

In higher education, VR and XR systems support more advanced CS topics:

1. Cybersecurity and network security, including firewalls, intrusion detection and
prevention, honeypots, and attack simulations.
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2. Cloud computing and mobile-edge computing, where virtual environments simu-
late distributed infrastructures and services.

3. IoT and tactile internet scenarios, where networked devices and sensor data are
visualised and manipulated in virtual environments.

4. Software and systems courses using simulations and games to teach design, test-
ing, and system behaviour.

5. The VR review by Malik and co-authors provides examples of bubble-sort visu-
alisations, AI/ML-enhanced VR labs, and network security training games, illus-
trating the breadth of CS topics addressed with immersive technologies.

A word cloud was generated based on the frequency of CS topics
across the five reviews as shown in Figure 3. The AR-focused review by
[Theodoropoulos and Lepouras 2021] reports applications in which learners use tangi-
ble blocks or AR overlays to construct and test algorithms, supporting programming
and computational thinking through immediate visual feedback. In K–12 settings, AR
and VR are also used to promote broader computational literacy and critical engage-
ment with emerging technologies, often in conjunction with AI, ML, and IoT concepts
[Van Mechelen et al. 2023].

Figure 3. Word cloud of the CSE topics using XR technologies

Across all five reviews, XR is linked to cognitive gains, though effect sizes and
study quality vary. AR tends to improve programming and computational thinking, while
VR supports topics such as data structures and cybersecurity [Malik et al. 2023]. Com-
pared with non-immersive tools, XR more consistently improves engagement and moti-
vation than learning outcomes, and assessment-focused studies report real-time feedback
but limited evidence of long-term retention or transfer [Sembey et al. 2024].

Summary: Overall, the review-level evidence suggests that XR technologies can
effectively support a wide range of CS topics at different educational levels, with espe-
cially strong indications of positive effects on engagement and motivation. There is also
consistent, though more variable, evidence of cognitive benefits in programming and ad-
vanced CS topics. However, these benefits are moderated by design quality, assessment
practices, and contextual factors such as resources, teacher expertise, and student charac-
teristics.
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3.3. RQ3 - Global and Regional Research Patterns

The five included reviews collectively draw on studies conducted across multiple re-
gions, but most do not provide detailed country-by-country breakdowns. The systematic
mapping of emerging technologies in K–12 education from [Van Mechelen et al. 2023]
records the first author’s country of affiliation for each study and notes that contributions
are unevenly distributed, with higher representation from Europe, North America, and
parts of Asia than from other regions. Specific counts for Brazil or Latin America are
not reported in the available summary. The VR in CS review from [Malik et al. 2023]and
the AR in programming review from [Theodoropoulos and Lepouras 2021] describe their
scope as global but do not systematically report geographic distributions of primary stud-
ies or highlight Latin American contributions. Likewise, the metaverse review from
[Ak et al. 2025] and the assessment-and-feedback review from [Sembey et al. 2024] ref-
erence studies from multiple regions, including Europe and Asia, but do not provide
structured regional comparisons or specific analysis of Brazil or Latin America. Taken
together, these reviews indicate that XR research in education and especially in comput-
ing education is concentrated in a limited set of countries and institutions, with notable
visibility of Taiwan, Spain, the United States, and some European and Asian universities.
However, they do not allow a precise quantification of global patterns or regional dispar-
ities for XR in CSE, and they provide little explicit information about Latin American
contexts. This constitutes a clear gap that this umbrella review can highlight for future
research. Because most included reviews did not systematically disaggregate findings by
country or region, conclusions regarding global distribution patterns should be interpreted
cautiously.

Summary: The included reviews indicate that primary research is concentrated
in North America, Europe, and East Asia; Latin America (including Brazil) and other
regions remain underrepresented. Reviews rarely disaggregated results to permit system-
atic regional comparisons, and none of the five reviews provides in-depth coverage of
Brazil/Latin America specifically. The field therefore lacks robust, regionally balanced
evidence, and future reviews should include targeted searches in regional databases and
non-English literature to better represent global practice.

3.4. RQ4 - Methodological Quality and Research Gaps

The methodological profile of the included reviews is mixed. All five reviews demon-
strate reasonable procedural transparency in search and selection, but none applies a
fully explicit and validated risk-of-bias framework to the underlying primary studies.
This limits the certainty with which their conclusions can be interpreted. In umbrella
reviews, methodological rigor should not be reduced to whether a review followed a
search protocol; it should also include the clarity of quality appraisal, the transparency
of coding decisions, and the reproducibility of evidence synthesis. [Malik et al. 2023]
and [Theodoropoulos and Lepouras 2021] follow standard systematic literature review
procedures, including clearly defined research questions, transparent screening criteria,
and structured synthesis of devices, contexts, and outcomes. [Ak et al. 2025] uses the
EGSE framework to organize evidence along four dimensions: pedagogical considera-
tions, learner specification, mode of representation, and context. [Sembey et al. 2024]
in higher-education computing applies Kitchenham’s guidelines for systematic reviews,
and the [Van Mechelen et al. 2023] adheres to PRISMA-ScR and uses double coding and

XV Congresso Brasileiro de Informática na Educação (CBIE 2026)

Anais do XXXVII Simpósio Brasileiro de Informática na Educação (SBIE 2026)

1099



plenum consensus procedures. However, none of the reviews employs a formal, validated
tool for assessing risk of bias in primary studies, and their reporting of study quality is
typically narrative and high-level. Table 1 presents a comparative assessment of the five
included reviews in terms of methodological rigor and evidence strength.

Table 1. Evidence Strength and Methodological Rigor of the Included Reviews

Study ID Evidence Strength (1–3) Methodological Rigor (1–3)
R1 2 1
R2 3 3
R3 2 3
R4 2 2
R5 3 2

Methodological rigor was evaluated according to the presence of: (i) explicit re-
search questions; (ii) transparent search strategies; (iii) clearly defined inclusion and ex-
clusion criteria; (iv) multi-stage screening procedures; (v) use of structured coding or syn-
thesis frameworks; and (vi) discussion of methodological limitations or quality appraisal
procedures. Evidence strength was assessed based on: (i) the consistency of reported find-
ings across included studies; (ii) the breadth and diversity of the evidence base; (iii) the
presence of comparative or longitudinal evidence; and (iv) the extent to which conclusions
were supported by empirical evaluation rather than descriptive reporting alone. The clas-
sifications were applied on a three-point scale (low, moderate, high) through independent
assessment by two authors, followed by consensus discussion to reduce subjectivity.

Summary: RQ4 shows that the included reviews are methodologically transpar-
ent overall, but uneven in how rigor and evidence strength are operationalized. Protocol-
driven reviews, especially the Kitchenham-based SLR (R2) and the PRISMA-ScR map-
ping review (R3) demonstrate relatively stronger methodological rigor because they use
clearer search, screening, and synthesis procedures. By contrast, the more exploratory
review (R1) shows the weakest methodological rigor, while the VR review (R4) and the
AR-focused programming review (R5) sits in the middle. Evidence strength is highest
in R2 and R5, but remains moderate in R1, R3, and R4, reflecting the mainly descrip-
tive nature of several syntheses. Overall, the results indicate that XR research in CSE is
procedurally solid in parts, but still lacks a fully standardized and validated approach to
quality appraisal and evidence assessment.

4. DISCUSSION

The main cross-cutting similarities, advantages, and limitations identified across the five
reviews are synthesized in Table 2, which provides a structured summary of the discussion
lenses used to compare and interpret evidence across selected studies.
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Table 2. Summary of the Discussion’s Lenses among Five Reviews on XR in CSE

Discussion
Lens

Sub-
dimension

Synthesised Evidence Across Reviews

Similarities and
differences

Shared char-
acteristics

All five reviews (R1–R5) examine XR technologies in com-
puting education, formulate explicit research questions, and
cover both K–12 and higher education contexts.

Divergent
foci

R1 emphasizes metaverse and cross-disciplinary XR, R2 fo-
cuses on assessment and feedback, R3 on emerging technolo-
gies in K–12, R4 on VR in CSE, and R5 on AR for program-
ming and computational thinking.

Advantages of
XR in CSE

Affective
outcomes

XR is consistently associated with higher engagement, mo-
tivation, and satisfaction across the reviewed contexts (R1–
R5).

Cognitive
outcomes

XR can support conceptual understanding, problem-solving,
and computational thinking when aligned with clear objec-
tives, scaffolding, and feedback, particularly in R2, R4, and
R5.

Limitations and
research gaps

Methodologi-
cal limita-
tions

Recurring issues include small samples, short interventions,
limited longitudinal evidence, heterogeneous outcome mea-
sures, and weak statistical reporting, which constrain causal
inference (R1–R5).

Contextual
and equity-
related gaps

The reviews underreport teacher development, infrastructure,
accessibility, standardised assessment, and regional diversity,
while formal risk-of-bias appraisal is largely absent (R1–
R5).

Interpretive lens Sociotechnical
view

XR is best understood as a sociotechnical educational assem-
blage shaped by pedagogy, access, institutional support, data
practices, and learner context rather than as a standalone de-
livery tool. This helps explain why similar XR interventions
yield different outcomes and why engagement does not al-
ways translate into deeper learning (R1–R5).

Critical and so-
ciotechnical per-
spectives

Ethical and
critical con-
cerns

The evidence base remains strongly innovation-centered,
with limited attention to privacy, surveillance, psychological
strain, design bias, vulnerable learners, and unequal access.
These omissions are analytically significant and indicate a
need for more critical XR research in CSE (R1–R5).

The five reviews included in this umbrella review span publication windows from
2009 to 2023, with most primary studies published after 2013, reflecting the rapid ex-
pansion of XR research in education over the past decade. Overall, the synthesis indi-
cates that XR technologies including metaverse environments, VR, and AR have been
widely explored as instructional tools in computer science and programming education
across both K–12 and higher education contexts. However, the evidence base remains
fragmented, methodologically heterogeneous, and unevenly distributed across regions,
educational levels, and application domains, limiting the strength of generalisable con-
clusions regarding effectiveness (R1–R5).
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4.1. Similarities and Differences Across Reviews
Despite differences in scope and emphasis, all five reviews share several common charac-
teristics. Each review explicitly formulates research questions, focuses on XR or closely
related immersive technologies, and reports growing interest in applying these technolo-
gies to computer science or computing-related education across multiple educational lev-
els (R1–R5). At the same time, notable differences emerge in terms of technological
focus (e.g., metaverse environments, VR-only, AR for programming), educational con-
text (K–12 versus higher education), and thematic emphasis (learning outcomes, assess-
ment, emerging technologies, or disciplinary focus). These variations lead to differences
in included primary studies, methodological approaches, and reported outcomes, which
complicates direct comparison and cross-review synthesis (R1–R5).

4.2. Advantages of XR in CSE
Across all five reviews, there is convergent evidence that XR technologies offer clear
affective and motivational benefits. Increased learner engagement, motivation, and satis-
faction are consistently reported in metaverse-based learning scenarios (R1), higher edu-
cation assessment and feedback contexts (R2), K-12 emerging-technology settings (R3),
VR-supported computer science courses (R4), and AR-based programming and compu-
tational thinking activities (R5). Beyond affective outcomes, several reviews also report
cognitive and skills-related benefits when XR is meaningfully integrated into instructional
designs. Specifically, improvements in conceptual understanding, problem-solving, and
computational thinking are more likely when XR interventions are aligned with clear
learning objectives and supported by scaffolding, feedback, and coherent pedagogical
strategies, rather than being deployed as stand-alone or novelty-driven tools (R2, R4, R5).

4.3. Limitations and Research Gaps
All five reviews consistently highlight substantial methodological and contextual limita-
tions within the existing XR literature. Common weaknesses include small sample sizes,
short intervention durations, limited use of longitudinal designs, heterogeneous outcome
measures, and insufficient statistical reporting, which collectively restrict strong causal
inference and robust estimation of effect sizes for XR in CSE (R1-R5). This study is
limited by its reliance on Scopus as the sole database and by the fact that the evidence
base itself is review-level rather than primary-study level. Future updates should include
additional databases and, where feasible, broader language coverage to reduce the risk of
missing relevant reviews.

In addition, several contextual and equity-related gaps are identified, including
limited attention to teacher expertise and professional development, institutional support,
accessibility and inclusive design, standardized assessment instruments, and formal risk-
of-bias appraisal. The reviews also point to uneven geographical coverage and limited
region-specific analyses, suggesting that current evidence does not fully capture global ed-
ucational contexts. These gaps indicate a need for shared conceptual frameworks, stronger
methodological standards, and geographically diverse research agendas.

4.4. Interpretive lens
To strengthen the interpretative dimension of this umbrella review, the study interprets XR
in CSE as a socio-technical educational assemblage rather than only a delivery tool. From
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this perspective, learning outcomes are shaped not only by the immersive interface itself,
but also by pedagogical design, access conditions, institutional support, data practices,
and the learner’s situated context. From this perspective, issues such as accessibility,
data collection, platform dependency, cognitive overload, algorithmic bias, and unequal
technological access become central analytical concerns when evaluating XR adoption in
educational settings. This lens helps explain why similar XR technologies can produce
different effects across studies and why engagement gains do not always translate into
deeper conceptual learning.

4.5. Critical and Sociotechnical Perspectives on XR in CSE
The current evidence base is notable for what it emphasizes and what it leaves out. Across
the included reviews, XR is mainly framed as a tool for improving engagement, motiva-
tion, and conceptual understanding, while critical concerns receive little attention. A more
balanced account should address accessibility barriers, privacy and data-governance con-
cerns, psychological strain, design bias, surveillance risks, and unequal access for vulner-
able learners. The relative silence on these issues is itself analytically important, because
it suggests that the field remains predominantly innovation-centered rather than critically
and ethically oriented.

5. CONCLUSION AND FUTURE RESEARCH
This umbrella review synthesizes evidence from five systematic reviews and mapping
studies that together cover 224 primary studies on XR in educational contexts relevant
to computer science and programming. The results indicate that VR, AR, and related
XR technologies can enhance engagement, motivation, and conceptual understanding in
CSE when they are carefully integrated into pedagogically sound learning designs. At the
same time, the field faces significant methodological, regional, and equity-related gaps,
including a lack of standardized assessments, limited long-term evidence, explicit qual-
ity appraisal of primary evidence, standardized outcome measures, under representation
of certain regions such as Latin America, and insufficient attention to accessibility. We
recommend: (1) investing in accessible platforms (web/mobile) and shared toolkits; (2)
conducting larger, controlled, and longitudinal studies with validated outcome measures;
(3) attending to equity, accessibility, and low-cost deployment contexts ( with Brazil/Latin
America); and (4) strengthening reporting standards to improve reproducibility.

Future XR research in CSE should prioritize longitudinal and well-controlled ex-
perimental designs that move beyond exploratory implementations. The adoption of
standardized assessment frameworks for learning outcomes, engagement, and usability
would significantly improve comparability across studies. Additionally, greater attention
is needed on pedagogical integration, including the role of instructional design, teacher
mediation, and scaffolding strategies in XR-supported learning environments. Research
should also address underexplored dimensions such as accessibility, ethical considera-
tions, and equity, particularly in regions that remain underrepresented in the current liter-
ature. Strengthening methodological rigor in these areas will be essential for establishing
XR as a sustainable and evidence-based educational approach.
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