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Abstract. Introduction: Teaching programming concepts through immersive
environments has demonstrated pedagogical potential, although most existing
solutions rely on expensive technologies that remain unaffordable in many
educational contexts. Objective: This paper presents a postmortem analysis
of the design, development, and evaluation of SSPOT-VR, an affordable,
collaborative VR mobile game developed to support the teaching and learning
of programming for K-12 students. Methodology: We adopted a postmortem
analysis approach grounded in the game development literature, supported by
user evaluations and continuous reflection throughout iterative development
phases. Results: The analysis highlights strengths, including multiplayer
design, visual storytelling, and accessible deployment, while also identifying
challenges related to infrastructure, usability, and scalability. Lessons learned
informed design enhancements and future directions, such as cross-platform
support and strategies for pedagogical integration.
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1. Introduction

Teaching computer programming has become an essential competency in 21st-century
education [Computer Science Teachers Association 2017], increasingly integrated into
curricula across different educational levels [Ribeiro et al. 2022]. Learning to program
opens academic and professional opportunities and strengthens logical reasoning and
problem-solving skills [Luxton-Reilly et al. 2018]. In K-12 contexts, visual programming
has emerged as an effective introductory approach, allowing students to create and
share interactive applications through a comprehensible and intuitive visual language
[Weintrop 2019].

In recent years, the combination of visual programming, specifically block-based
programming, with immersive technologies such as Virtual Reality (VR) and Augmented
Reality (AR) has been explored to make programming instruction more engaging
and interactive [Agbo et al. 2023]. VR, in particular, enables immersive environments
that foster active learning and gamified experimentation with computational concepts,
facilitating the visualization of abstract ideas while enhancing student engagement and
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knowledge retention [Stigall e Sharma 2017]. However, most research in this area relies
on high-end equipment, such as head-mounted displays (HMDs) connected to powerful
computers [Vincur et al. 2017, Segura et al. 2020, Jin et al. 2020].

The use of expensive hardware restricts the adoption of VR solutions
in large-scale educational contexts, especially in developing regions with limited
infrastructure. Approximately half of the research on VR for supporting the teaching
and learning of programming adopts only high-end HMDs and powerful computers
[Sukirman et al. 2022]. Beyond investigations on high-end equipment, it is essential
to examine how students engage with mobile immersive VR games that rely on more
affordable solutions, such as low-cost HMDs and smartphones [Pellas et al. 2021].

To address the limitations imposed by cost in immersive learning environments,
previous studies presented the development and evaluation of SSPOT-VR (Space Station
for Programming Training in Virtual Reality), a mobile collaborative VR game aimed
at supporting the teaching and learning of programming concepts to K-12 students
through a visual and interactive digitally created world [Avellar et al. 2024]. The
game was designed to operate on low-cost smartphone-powered HMDs, the game
integrates immersive VR, storytelling, block-based programming tasks, and real-time
collaboration. The primary objective was to deliver a playful and engaging learning
experience that remains pedagogically grounded, and scalable to school contexts with
limited technological infrastructure.

The development of the game followed an iterative, user-centered design
process, incorporating feedback from field deployments involving approximately 170
K-12 students. Aligned with agile design principles, the team engaged in regular
reflection cycles to assess and adjust the games’s features and overall quality
[Murphy-Hill et al. 2014]. As a result, the game has undergone multiple redesign phases
that included technical adaptations, interface enhancements, content expansion, and
performance improvements. This trajectory produced a broad set of design decisions,
insights, and constraints that justify a structured and critical reflection on its evolution.

In this paper, we present a postmortem analysis of the development process,
drawing from practices commonly used in software and game development to promote
reflective evaluation [Murphy-Hill et al. 2014]. Postmortem analysis is a part of a game’s
development process and serves to identify mistakes and improve future processes, as well
as to recognize team efforts and achievements [Chandler 2014]. It is an important practice
throughout longer projects, enabling continuous improvement between development
phases rather than exclusively at the end [Chandler 2014]. Inspired by this perspective, we
adopted the postmortem analysis to examine the evolution of the educational VR game,
emphasizing key design decisions, pedagogical constraints, and lessons learned.

The remainder of this paper is organized as follows: Section 2 presents the
background; Section 3 reviews related work; Section 4 describes the methodology;
Section 5 provides the postmortem analysis; and Section 6 concludes with final remarks
and future directions.

2. Background

Computer  Science (CS) and its  associated technologies play a
central role in  contemporary  society and the global = economy
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[Computer Science Teachers Association 2017].  In order to participate fully in a
digitally mediated world and to be prepared for 21st-century careers, individuals
must develop a solid understanding of fundamental CS concepts and practices
[Computer Science Teachers Association 2017].

One promising approach to support CS education is the use of educational
games. These environments provide interactive, engaging, and student-centered
learning experiences that stimulate critical thinking and effectively facilitate knowledge
retention [Zhan et al. 2022]. Considering that games are inherently appealing and
designed to sustain attention, they can promote active engagement with learning tasks
over extended periods of time. This quality is particularly valuable in educational
contexts where maintaining student attention has become increasingly challenging
[Carreno-Leodn et al. 2018].

In addition, educational games offer a safe and exploratory space for learning,
where students can make mistakes without the negative consequences typically associated
with failure in traditional classrooms. This freedom fosters a mindset that encourages
experimentation and the development of problem-solving skills, which are critical for
success in CS and other 21st-century domains [Denner et al. 2019]. These foundations
support the integration of immersive technologies such as VR and AR, opening new
possibilities for the design of educational games. When applied to programming
education, these technologies provide a unique opportunity to explore complex
computational concepts in a hands-on and visually engaging manner [Agbo et al. 2023].
VR and AR can transform theoretical abstractions into immersive experiences, allowing
students to visualize and interact with abstract ideas in ways that are often unattainable in
conventional learning environments [Rozelma Franga 2015].

Visual and narrative design are key to creating immersive VR and AR learning
experiences. Coherent visual elements, such as color, scale, and spatial layout, enhance
the sense of presence, while storytelling structures give context and continuity to
actions [Jerald 2016]. In collaborative settings, narrative-driven goals and visual cues
also help guide interaction and coordination among learners, reinforcing both cognitive
engagement and social connection [Tori e Hounsell 2018].

Particularly in the context of VR, the rise of mobile and low-cost solutions has
made immersive experiences more available, especially in educational settings with
limited infrastructure [Agbo et al. 2023]. By leveraging affordable smartphones and
basic VR HMDs with bluetooth joysticks, mobile VR offers scalable opportunities for
game-based learning, eliminating many of the financial and technical barriers associated
with high-end devices. These experiences can promote meaningful learning through
interaction, experimentation, and shared problem-solving [Sukirman et al. 2022].

As game development increasingly intersects with education, postmortem analysis
has emerged as a valuable method for structured reflection. Chandler (2014) frames
postmortem analysis as a lightweight and flexible practice embedded throughout
development, enabling teams to document what worked, what did not, and why
[Chandler 2014]. Widely adopted in the games industry, postmortem analysis supports
continuous improvement and knowledge sharing, particularly in iterative and agile
workflows [Murphy-Hill et al. 2014]. In this study, we apply postmortem analysis to
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critically reflect on the evolution of a collaborative mobile VR game designed to teach
programming to K-12 students.

3. Related Work

Educational solutions designed to support the teaching and learning of programming
can be categorized into five types [Pearsetal. 2007]: (i) visualization tools, (ii)
automatic assessment tools, (iii) programming support environments, (iv) microworlds,
and (v) miscellaneous tools that do not fit into the previous categories. Among these,
visualization solutions that adopt visual programming approaches are particularly relevant
in educational contexts due to their capacity to reduce the syntactic burden and promote
conceptual understanding through intuitive interfaces [Weintrop 2019].

In this context, several educational initiatives have explored the use of immersive
VR to support the teaching and learning of programming across different educational
levels. A significant portion of these efforts relies on high-end hardware configurations to
deliver immersive environments and 3D game-like scenarios.

For example, Cubely [Vincur et al. 2017] and VR-OCKS [Segura et al. 2020]
used HTC Vive HMDs and Unity 3D to introduce basic programming concepts through
tasks requiring algorithmic thinking and visual logic composition. Similarly, VWorld
[Jin et al. 2020], developed for Oculus Quest, focused on promoting creativity and
computational thinking by enabling users to create algorithmic behavior for virtual objects
using motion and sound commands.

On the other hand, low-cost VR solutions have emerged as alternatives for broader
access. Studies such as OOPVR [Tanielu et al. 2019], Imikode [Sunday et al. 2022],
and iThinkSmart [Agbo et al. 2022] explored the use of mobile VR combined with
basic VR HMDs. These applications were also developed using Unity 3D and focused
on supporting the understanding of object-oriented programming concepts, algorithmic
thinking, and problem-solving.

Across the reviewed literature, no study was found to adopt a postmortem
analysis of the design, development, and evaluation trajectory. This work addresses
that gap by providing a structured postmortem analysis of the design and iterative
refinement of a collaborative mobile VR game for teaching and learning programming.
It aims to contribute to the field of educational VR design and to the documentation of
reflective practices that support sustainable and scalable innovation in immersive learning
environments.

4. Methodology

4.1. Research Approach

This study adopts a postmortem analysis as its central methodological strategy, which is
commonly used in software and game development to assist reflective evaluation. Rather
than applying a prescriptive model, we follow the flexible and lightweight approach
suggested by Chandler (2014) [Chandler 2014], who considers postmortem analysis to
be an integral part of the development process, aiming both to identify mistakes and to
recognize team achievements.
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Chandler (2014) also recommends conducting postmortems between development
phases to accelerate learning and improve responsiveness [Chandler 2014]. Our study is
aligned with this view, as the development of the game evolved over multiple cycles, each
accompanied by internal documentation and discussions, culminating in the first analysis
conducted which is presented in this paper.

4.2. Development Process

The game was initially created during a research project focused on low-cost immersive
technologies for educational use. Following the prototype, the project evolved into
a cooperative development effort, engaging a multidisciplinary team. Unity 3D
[Unity Technologies 2025] and C# was adopted as the primary development technology,
targeting Android smartphones in combination with low-cost VR HMDs [Google 2025].
The project followed an iterative development model [Jerald 2016], with each cycle
dedicated to refining specific features, such as programming concepts, additional levels,
navigation, language support, animation, and multiplayer infrastructure. Activities were
organized around short development sprints, regular feedback meetings, and version
control practices.

One of the most significant advances was the implementation of multiplayer
support, enabling real-time collaboration between users within the VR environment.
This transition transformed the game into an online experience, adding a new layer
to the development process and expanding its pedagogical value. Additionally, the
collaborative gameplay strategy is aligned with contemporary educational practices,
reinforcing teamwork, communication, and shared problem-solving [Vincur et al. 2017].

4.3. Evaluation and Redesign

The first version of the SSPOT-VR was evaluated through structured empirical studies
involving approximately 170 K-12 students in both remote and classroom settings
[Avellar et al. 2024].  The evaluation employed validated models addressing user
acceptance, technology adoption, and learning outcomes.

Findings from these studies guided several redesign iterations. Improvements
were introduced to enhance visual aesthetics, interaction design, level progression, and
accessibility, such as implementing multilingual narration and synchronized subtitles.
These changes were implemented through iterative design cycles and guided by structured
reflection meetings held after each deployment phase. The redesign efforts directly
contribute to the postmortem analysis presented in this study.

5. Lessons Learned from the Design, Development and Evaluation Process
5.1. What Worked Well

One of the most effective design decisions was to adopt low-cost technologies to build
an immersive and affordable experience that competes in quality with expensive high-end
VR setups. The game operates on standard Android smartphones with gyroscope and
accelerometer sensors, and it supports both VR HMDs (such as Google Cardboard or VR
Box) and a non-immersive fullscreen mode ensured flexibility and broader adoption. A
desktop version for Windows was also developed, enabling cross-platform and cross-
device interaction regardless of VR equipment, and allowing both online and offline
gameplay.






