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Abstract
Software Architecture Education (SAE) is challenging due to the
abstract nature of architectural reasoning and the difficulty of apply-
ing theoretical knowledge in real-world scenarios. To address these
limitations, this work presents PatternQuest Game , a Digital Educa-
tional Game (DEG) designed to support the teaching and learning of
Architectural Patterns through narrative-driven challenges that pro-
mote diagnostic reasoning and decision-making under constraints.
The game was implemented as a scalable Web-based game and in-
corporates gameplay mechanics aligned with a symptom-oriented
educational design, in which players diagnose architectural issues
and select appropriate patterns under constraints. To evaluate its
user experience as an initial validation step, we conducted a heuris-
tic evaluation based on established usability principles, identifying
strengths and areas for improvement in the interface and interaction
design. The results highlight strengths in usability and interaction
design, suggesting the approach’s potential to support engagement
and contextual reasoning in SAE.
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1 Introduction
Software Architecture (SA) plays an important role in the devel-
opment of complex systems [3]. Foundational knowledge in these
areas is consistently ranked among the most frequently applied
skills in daily software development tasks by industry practitioners
[1]. In particular, architectural patterns serve as proven, reusable
solutions to recurring problems, establishing a shared lexicon that
facilitates team communication and system maintainability [12, 13].
Recognizing this relevance, societies such as ACM/IEEE [17] and
the Brazilian Computer Society (SBC) [27] address software design
and architectural patterns in computer science-related curricula as
a fundamental component of Software Engineering Education.

Despite this, teaching and learning SA remain challenges [11].
From the students’ perspective, grasping architectural concepts is
difficult due to the subject’s abstract nature and the lack of real-
world context in classroom settings. Traditional lecture-based ap-
proaches emphasize structural diagrams and pattern definitions.
However, they struggle to foster the diagnostic reasoning required
to identify design degradation and apply the pattern under con-
straints [13]. Consequently, a gap persists between academic edu-
cation and the practical demands of the software industry.

In professional practice, identifying design degradation and ar-
chitectural problems is not a trivial task. When architectural doc-
umentation is unavailable, developers must rely on source-code
symptoms, such as code smells and multi-smell patterns, to spot
degradation and determine which refactoring operations or design
patterns to apply [22]. This analysis is fundamental to Software
Engineering (SE), yet students are rarely exposed to environments
where they can safely practice this “symptom-to-pattern” cognitive
process. While some active learning approaches, such as cooper-
ative methods and educational games, have been explored in SE
education, there is a scarcity of games that simulate the pressure
and trade-offs of architectural decision-making.

Therefore, this work presents the evolution and evaluation of
PatternQuest Game , a Digital Educational Game (DEG) designed
to provide a practical environment for exercising architectural pat-
tern selection. This version of the game was developed based on
findings from a preliminary evaluation with students, focusing on
addressing identified gaps in interaction and engagement. In this
paper, we describe the design decisions behind the game’s evolution
and report an expert-based heuristic evaluation. This study pro-
vides evidence regarding the perceived educational quality, design
suitability, and usability of the proposed approach. To guide this
investigation, the Research Questions (RQs) were defined: RQ1:
What usability, gameplay, and interaction strengths and limita-
tions can be identified in the new version of PatternQuest Game
through heuristic evaluation? and RQ2: To what extent does the
evolved game design satisfy pedagogical and educational heuristics
for supporting the teaching and learning of Architectural Patterns?

The main contributions of this work are: (i) the evolution
of an existing DEG for Architectural Patterns education, incorpo-
rating improvements derived from student feedback obtained in
a preliminary evaluation; (ii) provide a detailed discussion of the
design and gameplay refinements introduced in the new version of
the game; (iii) report a heuristic evaluation conducted with profes-
sors, providing evidence regarding the usability, gameplay quality,
and pedagogical adequacy of the proposed approach for supporting
Software Architecture Education (SAE).

The remainder of this work is organized as follows. Section 2
discusses related work. Section 3 presents the design and evolution
of PatternQuest Game . Section 4 details the heuristic evaluation
procedure, while Section 5 discusses and analyzes the obtained
results. Section 6 presents the threats to validity. Finally, Section 7
concludes the work and outlines directions for future work.



SBES 2026, September 8–11, 2026, São Paulo, SP, Brazil Menezes et al.

2 Related Work
SAE is a challenging domain due to the abstract nature of architec-
tural concepts and the need to reason about design decisions, trade-
offs, and quality attributes [3]. Traditional lecture-based approaches
often emphasize theoretical content and diagram interpretation,
but students frequently struggle to connect these concepts with
software design practice [11]. In addition, limited experience with
large-scale systems makes it difficult for learners to understand how
architectural decisions affect system evolution and maintainability.

Previous studies have explored strategies to address these chal-
lenges, including adaptive learning environments, digital and non-
digital games, and gamification. Hidalgo et al. [14] investigated the
learning styles of software architects using Kolb’s Learning Style
Inventory and found a predominance of analytical and problem-
solving-oriented profiles, suggesting that SAE benefits from ac-
tivities emphasizing practical reasoning and contextual decision-
making over purely theoretical exposition.

One line of research explores adaptive educational tools. DEC-
ORA [5] recommends architectural alternatives based on require-
ments and constraints, enabling students to compare trade-offs
while learning architectural patterns and design decisions. Its eval-
uation used motivational instruments such as the Attention, Rele-
vance, Confidence, and Satisfaction (ARCS) model and the Instruc-
tional Materials Motivation Survey (IMMS) [16] to analyze students’
perceptions regarding motivation and understanding.

Another group of studies investigates game-based approaches
for teaching architectural reasoning and trade-offs. DecidArch [7]
uses collaborative card-based activities in which players negoti-
ate architectural decisions while considering stakeholder concerns
and system events. Similarly, ATAM-RPG [19] adopts role-playing
mechanics to simulate Architecture Trade-off Analysis Method
(ATAM) sessions, allowing students to discuss quality attributes
and prioritize architectural scenarios collaboratively.

More recently, Architectural Stories [9] proposed a narrative-
driven non-digital card game to support the learning of Architec-
tural Patterns. Inspired by investigative deduction games, players
analyze contextualized software problems by asking questions and
inferring the architectural pattern that best addresses the observed
symptoms. Unlike previous card-based approaches focused on trade-
offs or design decisions, the game emphasizes diagnostic reasoning
through narrative interpretation. The proposal was evaluated with
34 undergraduate students using the MEEGA+ model, reporting
positive results regarding usability, engagement, motivation, and
perceived learning.

The transition from physical to DEGs has also been explored
in SAE. D-LEARN [4], adapted from the LEARN board game [24],
presents SA concepts through quiz-oriented interactions in a digital
environment. The authors evaluated the game using the Model for
the Evaluation of Educational Games (MEEGA+) [23] to investigate
students’ perceptions regarding player experience and usability.

Beyond educational games, some studies investigate the mecha-
nisms of gamification integrated into SA courses. The gamification
approach proposed by Araújo et al. [2] used badges, missions, and
point systems to encourage participation in undergraduate SAE
activities. Similarly, the study by Carneiro et al. [10] analyzed how

different motivational profiles, identified through the HEXAD scale
[18], influence students’ engagement in gamified SA courses.

Table 1 summarizes the main characteristics of the studies dis-
cussed in this section. Overall, previous work has explored collabo-
ration, trade-off analysis, adaptive recommendations, quizzes, and
gamification mechanisms as strategies to support SAE. However,
most approaches rely on structured question-and-answer activities,
predefined decision flows, or instructor-guided interactions.

In contrast, only a few studies investigate narrative-driven sce-
narios to encourage students to interpret contextual information,
identify architectural symptoms, and associate software problems
with architectural patterns during gameplay. Among them, Archi-
tectural Stories explores this instructional strategy in a non-digital
format, whereas digital educational games for SAE still predomi-
nantly rely on quizzes or structured interactions. Moreover, many
studies evaluate motivation, usability, or player experience through
questionnaires and surveys, with less emphasis on inspecting inter-
action and pedagogical issues through heuristic analysis.

In this context, PatternQuest Game differs from previous ap-
proaches in two main aspects. First, the DEG organizes gameplay
around narrative-driven investigative missions in which players
analyze contextualized software problems and select architectural
patterns according to inferred system constraints and quality con-
cerns. Second, the evaluation combines evidence from a previous
student-based experience study using MEEGA+ with a heuristic
evaluation conducted with specialists using a Heuristic Evaluation
for Digital Educational Games (AHJED) [6], allowing the identifica-
tion of both perceived player experience issues and expert-observed
interaction and pedagogical limitations.

As shown in Table 1, most studies rely on surveys and perception-
based instruments to evaluate motivational or usability aspects of
SAE approaches. In contrast, this work combines a previous student
experience evaluation using MEEGA+ with a heuristic inspection
based onAHJED, allowing the analysis of interaction, gameplay, and
pedagogical aspects from both student and specialist perspectives.

3 Description of PatternQuest Game
PatternQuest Game 1 is an educational game designed to support
the teaching of architectural patterns through diagnostic problem-
solving. It combines pedagogical principles, narrative elements,
gamification mechanisms, and a modular SA to create an interactive
environment where students analyze software quality issues and
select appropriate architectural patterns.

The educational design is grounded in Problem-Based Learning
(PBL) [15, 25] and Cognitive Load Theory [26]. To bridge the gap
between abstract architectural concepts and practice, the game
adopts a narrative-driven metaphor that contextualizes technical
challenges within an investigative journey.

PatternQuest Game is set in ArchPattern City, where students
assume the role of an “Architectural Investigator.” In this fictional
setting, software failures are represented as incidents to be investi-
gated, and architectural deficiencies are treated as clues that must
be analyzed. Rather than answering isolated technical questions,
students are asked to interpret software symptoms, identify un-
derlying structural problems, and select architectural patterns that

1Available at: https://patternquestgame.web.app/

https://patternquestgame.web.app/
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Table 1: Comparative analysis of related work in SAE.

Work Topic Edu. Type Strategy Evaluation Digital

DECORA [5] AP UG Adaptive Tool Adaptive Recommendations Survey •
DecidArch [7] TO UG Non-digital Game Card-based Role-play Case Study ◦
ATAM-RPG [19] AT UG Non-digital Game RPG-based Collaboration Case Study ◦
Architectural Stories [9] AP UG Non-digital Game Narrative-driven Investigation MEEGA+ ◦
D-LEARN [4] SA UG DEG Quiz-based Interaction MEEGA+ •
Araújo et al. [2] SA UG Gamified Course Badges and Missions Survey •
Carneiro et al. [10] SA UG Empirical Study Structured Q&A Survey •

PatternQuest Game AP UG DEG Narrative-driven Investigation HE + Student Experience •

Legend: LS = Learning Styles; HE = Heuristic Evaluation; AP = Architectural Patterns; TO = Trade-offs; AT = Architecture Tradeoff Analysis Method (ATAM); SA = Software Architecture Fundamentals.
UG = Undergraduate Students; GE = General Audience/Practitioners.
DEG = Digital Educational Game. • = Digital approach; ◦ = Non-digital approach.

address the scenario. This metaphor was designed to make abstract
concepts more concrete and to situate the problem-solving process
in a professional practice-inspired setting.

To reinforce immersion, the game includes an avatar customiza-
tion system that lets players assemble their investigator by combin-
ing elements like hairstyles, outfits, and accessories. This feature
was incorporated as an element, although it is secondary to the
pedagogical structure centered on diagnostic reasoning.

Figure 1 summarizes the transition from the baseline version
(v1) to the refined version (v2), highlighting the main refinements
implemented after analyzing evidence collected during a previous
evaluation with students. These refinements addressed user experi-
ence, pedagogical support, gameplay flow, and system security.

The implemented changes addressed limitations related to on-
boarding, navigation, feedback presentation, and progression me-
chanics. In addition to interface refinements, the updated version
introduced server-side validation and Firebase security rules to
improve system consistency and reliability.

The content in PatternQuest Game is organized into five districts
that represent successive stages of conceptual complexity. The
current version of the game includes 39 enigmas distributed across
these districts, each addressing recurring software design problems
and the architectural patterns commonly used to solve them.

• Garage District: Introduces basic principles of modulariza-
tion and separation of concerns through patterns such as
Layers and Model-View-Controller (MVC).

• Commercial Center and Industrial District: Presents
scenarios involving system integration and distributed com-
munication, including patterns such as Event-Driven Architec-
ture, Service-Oriented Architecture (SOA), and Microservices.

• Digital District and Central Tower: Addresses more com-
plex concerns, such as scalability and architectural flexibility,
with patterns including Hexagonal Architecture and Proxy.

This progression is presented through the district map inter-
face shown in Figure 2, where players navigate the city and select
challenges based on their current level of advancement.

This organization reflects a scaffolding strategy in which stu-
dents initially work with localized and concrete design problems

and progressively encounter scenarios that involve broader archi-
tectural concerns. The objective is to sequence the content from
lower to higher levels of abstraction, allowing concepts introduced
in earlier districts to be revisited in more complex contexts.

The central gameplay mechanic of PatternQuest Game is a diag-
nostic reasoning cycle in which students analyze software problems
and select architectural patterns that address the identified issues.
This structure was designed to emphasize the association between
recurring design problems and corresponding architectural solu-
tions. The cycle is organized into three sequential stages that guide
the player’s reasoning from problem interpretation to the selection
of an appropriate architectural solution:

(1) Symptom Analysis: The player reads a scenario describing
a software quality problem, such as performance degradation,
excessive coupling, or limited scalability.

(2) Constraint Identification:Based on the scenario, the player
infers the underlying architectural issue or design constraint.

(3) Pattern Selection: The player chooses the architectural
pattern that appropriately addresses the identified problem.

The investigation interface illustrated in Figure 3 presents each
scenario and the available pattern alternatives. During gameplay,
the Heads-Up Display (HUD) provides real-time information on
score, remaining lives, and progress.

Each mission is governed by a limited number of lives and a time
constraint. Incorrect answers reduce the number of remaining lives,
while the timer establishes a bounded decision-making context.
These mechanics were incorporated to discourage random guessing
and to encourage more deliberate analysis of the alternatives.

Player advancement is represented by a career system with ti-
tles such as “Intern Investigator” and “Senior Architect.” The game
also includes achievements and a leaderboard based on indicators
such as the number of completed enigmas, response accuracy, and
solution time. These elements were incorporated as motivational
mechanisms to encourage continued participation and are not in-
tended as direct measures of learning.

To support decision making during gameplay, PatternQuest
Game provides an integrated Architecture Library (Figure 5) con-
taining textual descriptions and diagrams of the available patterns.
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UXUI Design

Pedagogical
scaffolding

Core
mecanichs
System
Engineering

Mixed languages (PT/EN) and limited audio control

Text-only patterns, optional theoretical material, and short time windows

Simple quiz-based progression with potential for question repetition

Frontend-only validation (localStorage) and client-side authentication risk

Full i18n support and individualized audio controls

Architectural diagrams, mandatory study onboarding, and 60s timers

Expanded question bank with non-repetition logic

Server validation via Firebase Security Rules and backend authentication

V1 V2

Figure 1: Comparative mapping of V1 to V2 improvements.

Figure 2: Map interface, where players select challenges.

Figure 3: Investigation interface, presenting architectural
scenarios, and HUD displaying score, lives, and progression.

Players can consult this material while solving the enigmas, al-
lowing the game to function both as a diagnostic exercise and as a
reference resource. In addition, before starting the missions, players
have access to a Game Manual (Figure 4) describing the interface,
rules, and scoring system. Together, these support materials were
designed to reduce the effort required to understand the game me-
chanics so that students can focus on the architectural challenges.

To facilitate access in educational settings without requiring
software installation, PatternQuest Game was implemented as a
web-based application using React, TypeScript, and Firebase. The
system combines a component-based front-end with cloud services
for data storage, authentication, and deployment.

Figure 4: Game Manual explaining rules and progression.

Figure 5: The in-mission Architecture Library.
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The SA follows a layered architecture composed of Presentation,
Logic, and Data layers, as shown in Figure 6. This separation iso-
lates the user interface, gameplay rules, and persistence services,
improving maintainability and allowing challenges, architectural
patterns, and districts to be incorporated into the codebase with
changes.

The Presentation layer implements the interfaces through reusable
React components, including the district map, investigation screen,
Game Manual, and Architecture Library. The Logic layer manages
the diagnostic cycle, scoring rules, and player progression. The Data
layer uses Cloud Firestore to store the enigmas, architectural pat-
terns, and user progress, while Firebase Authentication and Hosting
provide user management and application delivery.

The SA was designed to separate user interface components,
gameplay logic, and data management services. This organiza-
tion improves maintainability and facilitates the incorporation of
new challenges, architectural patterns, and instructional resources
within the game environment.

4 Evaluation
The evaluation of PatternQuest Game was conducted through
two complementary studies. First, a previous study reported in
[8] evaluated an earlier version of the game with students using
the MEEGA+. The results of that study are used in this article as
complementary evidence regarding students’ perceptions of player
experience and learning support. Subsequently, the game version
was inspected by specialists through a heuristic evaluation based
on AHJED. Together, these studies provide complementary perspec-
tives from both the target audience and domain experts.

4.1 Previous Evaluation Using MEEGA+
In an earlier version of PatternQuest Game , we evaluated the game
with 30 undergraduate and graduate students from computing-
related programs, as reported in our previous work [8]. The com-
plete responses from that study are available at 2.

The objective of that study was to examine students’ perceptions
of usability, player experience, and perceived learning after 30
minutes of gameplay.

Table 2 summarizes the descriptive statistics obtained in the
student-based evaluation. The highest mean scores were observed
in Accessibility (𝜇 = 4.88), Aesthetics (𝜇 = 4.77), Operability (𝜇 =

4.63), Relevance (𝜇 = 4.50), and Perceived Learning (𝜇 = 4.42). These
results indicate that participants reported favorable perceptions
regarding ease of use, visual presentation, and the educational
relevance of the game. As the instrument captures self-reported
perceptions, these findings should be interpreted as preliminary
evidence of acceptance rather than as direct measures of learning
outcomes.

Although the MEEGA+ provided an overview of students’ per-
ceptions, it did not identify specific interface and pedagogical design
issues. For this reason, we conducted a complementary expert-based
study. While the previous study offered a user-centered perspective,
the heuristic evaluation was designed to identify concrete usability
and instructional issues and to guide refinements in the current
version of the game.
2 https://bit.ly/meegaplus

Table 2: MEEGA+ Descriptive Statistics from the Previous
Student-Based Evaluation

Dimension Items Mean (𝜇) Std. Dev. (𝜎)

Aesthetics 1–2 4.77 0.46
Learnability 3–5 4.54 0.74
Operability 6–7 4.63 0.64
Accessibility 8–10 4.88 0.42
User Error Protection 11–12 4.17 1.11
Confidence 13–14 4.45 0.72
Challenge 15–17 3.94 1.15
Satisfaction 18–21 4.42 0.84
Fun 25–26 4.25 0.93
Focused Attention 27–29 3.63 1.26
Relevance 30–33 4.50 0.85
Perceived Learning 34–35 4.42 0.91

4.2 Planning of the New Evaluation
The heuristic evaluation was planned to identify interface, game-
play, and pedagogical issues in the current version of PatternQuest
Game . For this purpose, we adopted AHJED (Heuristic Evalua-
tion for Digital Educational Games) proposed by Azevêdo et al. [6],
as it combines usability and educational criteria within a single
inspection framework.

The evaluation considered seven AHJED dimensions: Interface
and Usability (IN), Gameplay and Mechanics (JG), Multimedia El-
ements (MM), Story and Narrative (HJ), Educational Design (ED),
Content (CN), and Educational Agent (AE). The questionnaire ad-
ministered in this study contained 42 heuristics: nine IN, eight JG,
five MM, three HJ, eight ED, five CN, and four AE heuristics. The
CN5 heuristic, concerning the implicit presentation of educational
content through game elements, was not included, and the Social
Interaction (IS) dimension was excluded because PatternQuest
Game is currently a single-player game and lacks collaborative or
multiplayer features.

To operationalize the inspection, we created a questionnaire in
Google Forms. For each of the 42 heuristics, specialists assigned
a severity score from 0 to 4, where 0 indicates that no problem
was identified and 4 represents a critical issue requiring immedi-
ate correction. Optional open-ended questions were included to
collect descriptions of the detected problems and suggestions for
improvement.

We selected the participants based on experience in SA, edu-
cational technologies, digital games, and usability evaluation. We
defined this profile to ensure that both the technical and pedagogi-
cal aspects of the game were examined.

Participation was voluntary, and all evaluators were informed
of the study’s objectives and the procedures involved before com-
pleting the assessment. No personally identifiable information was
collected, and all responses were analyzed anonymously. The col-
lected data were used exclusively for academic research purposes
and are reported only in aggregated form, ensuring the confiden-
tiality and privacy of the participants.

4.3 Execution of New Evaluation
We conducted the heuristic evaluation with a panel of 𝑁 = 5 spe-
cialists, intentionally selected to provide complementary expertise

https://bit.ly/meegaplus
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[Firebase Auth, Secure Authentication]

Firestore stores game data, users, progress
[Cloud Firestore, NoSQL Database]
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Player
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 [useGameData.ts Phases, Patterns, i18n]

Scoring calculates score and progress [useScoring.ts]

Map navigation and phase briefing [PhaseMap.tsx]

HUD main interface, modals and scoreboards

Hosting host the application
[Firebase Hosting, Static Server]

Caption UI calls (components) Data access (via hooks) Deployment and security

Figure 6: Architecture of PatternQuest Game .

to the study’s objectives. This sample size is consistent with rec-
ommendations for heuristic evaluations, in which small groups of
three to five evaluators are considered sufficient to identify most
usability problems while maintaining an efficient inspection pro-
cess [21]. Four evaluators had advanced knowledge in SA, ensuring
that the educational content, architectural patterns, and diagnostic
reasoning tasks could be critically assessed from a domain perspec-
tive. In addition, one participant reported extensive experience with
digital games, contributing a player-centered perspective regarding
gameplay, engagement, and immersion. Among the five partici-
pants, four had prior experience conducting heuristic evaluations,
thereby increasing the reliability and consistency of the identified
issues.

We conducted the evaluation remotely via an online protocol.
Each participant received access to the playable version of the
PatternQuest Game and a link to the Google Forms questionnaire
containing the AHJED heuristics. No formal training session or
prior explanation of the instrument was provided. We made this
decision intentionally, as one of the study’s goals was to verify
whether the heuristics and questionnaire structure were sufficiently
self-explanatory to support independent expert assessment. This
approach also simulated a realistic first contact with the game,
similar to the experience of future users encountering the system
for the first time.

Participants were instructed to interact freely with the game and
explore all available features, including the introductory tutorial,
case narratives, suspect analysis, clue interpretation, pattern selec-
tion, and feedback screens. No time limit was imposed, allowing
each evaluator to examine the game according to their own pace
and depth of analysis. This strategy aligns with heuristic evaluation
practices, in which experts are encouraged to thoroughly inspect
the interface and gameplay to identify potential violations of the
adopted principles.

After completing the gameplay session, the evaluators completed
the AHJED-based questionnaire. Besides assigning severity ratings
to each heuristic, participants were encouraged to provide written

comments describing the issues encountered, explaining the ratio-
nale behind their assessments, and suggesting concrete improve-
ments. These qualitative observations were particularly valuable for
interpreting the ratings and understanding the underlying causes
of the identified problems.

The use of Google Forms standardized data collection and en-
sured that all responses were recorded in a structured format. Once
all questionnaires had been submitted, the responses were exported
for analysis. Quantitative data were analyzed using descriptive
statistics for each heuristic and AHJED dimension, while quali-
tative comments were grouped into recurring themes. Together,
these data provided a comprehensive view of PatternQuest Game
strengths and weaknesses, supporting refinements to its technical
implementation and pedagogical design.

5 Results and Discussion
This section presents the results of the heuristic evaluation con-
ducted with specialists3 and discusses the implications of the identi-
fied findings for the evolution of PatternQuest Game . The analysis
combines quantitative severity ratings and qualitative observations
obtained through the AHJED evaluation. To answer the research
questions, the results are organized into two analytical perspec-
tives: (RQ1) interface and interaction design, and (RQ2) pedagogical
design and contextual reasoning.

Figure 7 presents the distribution of severity ratings across the
seven AHJED dimensions; each rating corresponds to 20% of the
horizontal bar, thus a 40% segment indicates that two of the five eval-
uators assigned the corresponding severity level. Higher-severity
ratings were concentrated primarily in the ED (Educational Design)
dimension, which received eight level-3 and three level-4; HJ (Story
and Narrative) received two level-4; IN (Interface and Usability)
received four level-3; JG (Gameplay and Mechanics) received three
level-3; AE (Educational Agent) received one level-3. No level-3
or level-4 ratings were assigned to the Multimedia Elements or
Content dimensions.

3The complete responses collected through the evaluation questionnaire are publicly
available at: https://bit.ly/4f20u42

https://bit.ly/4f20u42
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Figure 7: Distribution of heuristic severity ratings across
AHJED dimensions.

The findings from the heuristic evaluation are consistent with
those from the previous student-based evaluation conducted using
MEEGA+ [8]. In that study, participants reported positive percep-
tions regarding Accessibility (𝜇 = 4.88), Aesthetics (𝜇 = 4.77), Op-
erability (𝜇 = 4.63), Relevance (𝜇 = 4.50), and Perceived Learning
(𝜇 = 4.42). While the MEEGA+ results reflect students’ self-reported
perceptions, the predominance of low-severity heuristic ratings
suggests that specialists identified relatively stable interaction and
pedagogical structures, providing complementary evidence on the
game’s usability and educational organization.

Before discussing the identified problems, specialists also re-
ported positive perceptions regarding the overall interaction struc-
ture and the contextualized nature of the missions. Some evaluators
highlighted achievements, progress systems, and visual organiza-
tion as motivating aspects of the experience. Others emphasized
that narrative-based missions differed from traditional theoretical
question-and-answer activities by encouraging the application of
architectural concepts in context. These perceptions provide prelim-
inary indications that the game structure may support engagement
and contextual reasoning during gameplay.

The findings selected for detailed discussion were not deter-
mined solely by the maximum severity assigned to each heuristic.
We considered: (i) the recurrence of level-3 or level-4 ratings across
evaluators; (ii) the presence of a level-4 rating accompanied by
explanatory qualitative evidence; and (iii) open-ended comments
describing a direct effect on task completion, gameplay interpreta-
tion, narrative engagement, or pedagogical reasoning.

Heuristics receiving level-3 ratings from at least two evaluators
were treated as recurring higher-severity findings. Isolated level-3
ratings were reported as localized concerns. Qualitative observa-
tions that were not reflected in the corresponding numerical ratings
were explicitly identified as emergent qualitative findings rather
than quantitative heuristic violations.

5.1 Interface and Interaction Design (RQ1)
The analysis related to RQ1 focused on the IN (Interface and Usabil-
ity), JG (Gameplay and Mechanics), and MM (Multimedia Elements)
dimensions. Overall, specialists were able to complete the missions
and interact with the main gameplay features without external as-
sistance, suggesting that the game already provides a stable baseline
usability structure for first-time users.

Experts positively evaluated the interface’s visual organization
and the consistency of interaction elements throughout the mis-
sions. One participant stated that “the visual elements are colorful,
and the achievement system motivates progression.” Similarly, eval-
uators reported that the arrangement of screens and interaction
components facilitated navigation and reduced the effort required
to understand the gameplay flow. These observations align with the
previously reported positive MEEGA+ perceptions for Accessibility,
Learnability, and Operability.

Another recurrent aspect in the specialists’ comments concerned
the integration of instructional materials into the gameplay flow.
Evaluators considered the possibility of consulting support materi-
als during missions as a relevant characteristic of the interaction
design. One participant highlighted that “having the possibility to
access help materials at any moment” reduced frustration during
the challenges. This finding suggests that integrating instructional
support directly into the interface may reduce context switching
and help maintain task continuity during gameplay.

The evaluation also indicated that most gameplay mechanics
were perceived as intuitive and compatible with common inter-
action patterns found in digital games. Specialists were generally
able to understand the mission progression, clue interpretation,
and pattern selection process without formal onboarding or prior
training. Considering that the evaluation intentionally omitted tu-
torial explanations, these observations suggest that the interface
and mission structure already communicate core interaction goals
with reasonable clarity.

Despite these positive perceptions, the heuristic evaluation iden-
tified specific interaction frictions that may affect navigation clarity
and gameplay fluency. Table 3 summarizes the most critical heuris-
tic violations identified during the inspection, together with the
proposed refinements.

One of the main interaction issues concerned the navigation
affordance. Although the game already included a return-to-map
feature, some evaluators failed to identify the Home button during
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Table 3: Selected Higher-Severity and Qualitatively Relevant Findings

Heuristic Evaluation Focus Max Severity Expert Feedback & Proposed Refinement

CN1 Content clarity and lack of ambiguity. 4 Feedback: “I didn’t understand if I was supposed to answer which pattern
the prompt was describing or propose one that would solve it."
Refinement: Reword mission prompts to explicitly separate the diagnostic
(problem) from the therapeutic (solution) phase.

HJ2 / MM4 Narrative immersion and time constraints. 4 Feedback: “Due to the short time, I was more worried about responding
than engaging with the narrative."
Refinement: Implement a ’Story Mode’ where the timer is paused during
narrative reading and is active only during pattern selection.

IN2 / JG3 Player control and navigation freedom. 3 Feedback: “There is no explicit ’HOME’ button..."
Refinement: The return button exists, but redesign it with higher contrast,
an explicit icon, and standardized placement to improve visual affordance.

ED2 / ED7 Learning autonomy and customization. 3 Feedback: “The sequence of missions is predefined... missions seem static
without customization."
Refinement: Allow instructors to create custom mission sequences and
unlock multi-mission selection for students.

active missions and incorrectly assumed that the Refuse option
should be used to exit the mission. This suggests that the visual
representation and placement of navigation controls were insuffi-
ciently explicit for first-time interaction.

Similarly, some interface feedback mechanisms generated inter-
pretation issues. One evaluator reported a lack of clear auditory
feedback during error situations (MM 1), while another misun-
derstood the countdown timer because its visual representation
resembled a conventional progress bar. As one participant noted,
“the progress bar, contrary to the traditional model, was too fast.” This
finding suggests that the timer metaphor may not adequately com-
municate its intended function, particularly under time pressure,
leading users to interpret it as a standard progression indicator
rather than a countdown mechanism.

Another issue identified during the evaluation involved login
and authentication affordances. One specialist reported difficulty
recognizing the access point after leaving the game, observing
that “the door does not look like a door.” Although this issue did
not prevent interaction completion, it reinforces the importance
of using more recognizable visual metaphors and standardized
interaction patterns for essential navigation elements.

Overall, the heuristic findings suggest that the current version of
PatternQuest Game already provides a relatively stable interaction
structure, while also revealing opportunities for refinement related
to visibility, feedback communication, and affordance clarity. Im-
portantly, the identified problems did not prevent specialists from
completing the proposed activities, indicating that the observed
limitations were localized rather than systemic.

The convergence between the heuristic findings and the previous
MEEGA+ evaluation strengthens this interpretation.While students
previously reported positive perceptions of aesthetics, accessibility,
and operability, specialists identified more specific interaction fric-
tions, mainly in visual communication and navigation affordances.
Together, these results suggest that the interface supports interac-
tion continuity well, though refinements to feedback presentation
and visual signaling could improve usability for novice players.

5.2 Contextual Reasoning and Pedagogical
Design (RQ2)

The analysis related to RQ2 focused on the ED (Educational Design),
CN (Content), HJ (Story and Narrative), and AE (Educational Agent)
dimensions. Overall, specialists positively evaluated the use of con-
textualized missions and scenario-based reasoning as mechanisms
to present SA concepts.

One specialist emphasized the narrative structure of the game,
stating: “The narrative is different, fleeing the conventional theoreti-
cal questions and answers. It is great to think about the applicability
of the patterns.”. Another reported that “in the Garage District, I
understood the importance of patterns to organize systems that grew
in a disorderly manner.”. Together, these comments indicate that
the specialists perceived the missions as an alternative to conven-
tional theoretical questions and as an opportunity to reflect on how
architectural patterns can be applied to practical software design
problems.

Specialists also perceived the use of immediate feedback and inte-
grated instructional materials during gameplay as positive. Multiple
participants reported that the option to consult support materials
while solving challenges facilitated concept review and reduced
interruptions during the activity. One evaluator stated that “what
motivated me the most was consulting the materials, as it facilitated
reviewing concepts without leaving the page.” In addition, experts
considered the explanatory feedback after correct and incorrect
answers useful for reinforcing the architectural concepts explored
during the missions.

The game’s progression structure was another aspect that par-
ticipants discussed positively. Evaluators reported that organizing
missions around architectural concepts contributed to a gradual
increase in difficulty throughout the gameplay experience. One
specialist observed that “the progression of difficulty within the same
block and concept was adequate,” while another stated that “the ques-
tions increase in complexity, which makes the game more interesting.”
These perceptions indicate that the mission sequencing and district
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organization may support incremental exposure to more complex
reasoning tasks.

The evaluation also suggested that some game mechanics may
foster learner autonomy during the interaction. Specialists appreci-
ated the ability to replay missions, review instructional content, and
retry questions. One participant highlighted that “the possibility of
replaying missions with new questions helps reinforce the content.”.
These observations suggest that the gameplay structure may ac-
commodate students with different levels of prior knowledge by
allowing repeated interaction with the educational content.

Despite these positive perceptions, the heuristic evaluation iden-
tified important pedagogical frictions, mainly related to content
interpretation and cognitive load. Themost critical issue emerged in
heuristic CN 1, associated with content clarity and ambiguity. Some
evaluators reported uncertainty regarding whether they should
identify the architectural problem presented in the mission or se-
lect the pattern that would solve it. One participant stated that
“I didn’t understand if I was supposed to answer which pattern the
prompt was describing or propose one that would solve it.”

This ambiguity suggests that the diagnostic reasoning loop im-
plemented in the missions was not always communicated clearly
to first-time users. From a pedagogical perspective, this issue is
relevant because misunderstanding the task objective may com-
promise the intended reasoning process and increase unnecessary
cognitive effort during problem solving. As a refinement strategy,
future versions should more explicitly separate the identification
of architectural symptoms from the proposal of solution patterns.

Another important issue involved the relationship between time
pressure and narrative immersion. Although the countdown timer
was intended to simulate urgency and maintain gameplay rhythm,
some specialists perceived the mechanic as detrimental to reflective
reading and narrative engagement. One evaluator observed that
“due to the short time, I was more worried about responding than
engaging with the narrative.” This finding suggests that the imposed
time constraints may have shifted player attention toward rapid
task completion rather than conceptual reflection.

The proposed refinement for this issue involves separating nar-
rative reading from timed decision-making moments. In practice,
future versions may pause the timer during story exposition and
activate it only during pattern selection activities. This adjustment
may reduce cognitive overload while preserving the challenge of
decision-making.

The evaluation also identified opportunities to improve cus-
tomization and pedagogical flexibility. Some specialists considered
the mission sequence overly predefined and suggested mechanisms
that allow instructors to customize mission progression based on
learning objectives. Although this limitation did not prevent interac-
tion completion, it suggests that the current pedagogical structure
may benefit from more flexible sequencing strategies that can sup-
port different instructional contexts.

Overall, the heuristic findings provide preliminary evidence that
the contextualized, narrative-driven structure of PatternQuest
Gamemay support engagement and diagnostic reasoning regarding
SA concepts. However, the evaluation also revealed important limi-
tations associated with task clarity, time pressure, and pedagogical
customization, indicating that further refinements are necessary
before broader classroom adoption.

5.3 Discussion
The combined findings from the heuristic evaluation and the pre-
vious student-based evaluation provide complementary evidence
about the quality of PatternQuest Game as a DEG for SAE. While
MEEGA+ captured students’ perceptions of usability, engagement,
and perceived learning, AHJED identified specific interaction and
pedagogical issues not captured by perception-based questionnaires.
Together, these perspectives provide a broader understanding of
the game’s strengths and areas for improvement.

Regarding RQ1, the predominance of low-severity violations in-
dicates that PatternQuest Game provides an interaction structure
with limited usability barriers. The identified issues were related to
navigation affordances, interface feedback, and visual communica-
tion rather than fundamental interaction problems. These findings
suggest that the game supports effective interaction while revealing
refinements to improve the experience for first-time players.

Regarding RQ2, specialists recognized the value of contextual-
ized scenarios, narrative-driven investigations, and instructional
resources for supporting architectural reasoning. Unlike traditional
quiz-based approaches, PatternQuest Game encourages learners
to analyze software symptoms, infer architectural constraints, and
justify pattern selection in realistic scenarios, helping connect the-
oretical concepts with practical decision-making.

These findings align with the previous MEEGA+ evaluation
[8], where students reported positive perceptions of Relevance
(𝜇 = 4.50), Perceived Learning (𝜇 = 4.42), Confidence (𝜇 = 4.45),
Satisfaction (𝜇 = 4.42), and Fun (𝜇 = 4.25). Although these results
reflect perceived educational value rather than direct learning out-
comes, the heuristic evaluation helps explain how design elements
such as contextualized narratives, support materials, progressive
missions, and feedback contributed to these perceptions. The con-
vergence between evaluations strengthens the interpretation that
these features positively influenced both student perceptions and
expert assessments.

The heuristic evaluation also highlighted that educational effec-
tiveness depends not only on content quality but also on how learn-
ing tasks are communicated. Ambiguous instructions and excessive
time pressure may increase cognitive load and limit reflection, even
when the content is considered relevant. Thus, interface and inter-
action design should be considered alongside pedagogical content
when designing DEGs for SAE.

Overall, the combined evidence suggests that PatternQuest
Game contributes to SAE by integrating narrative-based diagnostic
reasoning with complementary evaluation approaches. Although
this study does not provide direct evidence of learning effective-
ness, it offers initial evidence of the game’s usability, pedagogical
organization, and potential to support contextual reasoning about
architectural patterns. Future classroom studies with larger student
groups and pre- and post-tests are needed to determine whether
these characteristics lead to measurable improvements in architec-
tural knowledge and reasoning skills.

6 Threats to Validity
This study has limitations that must be considered when interpret-
ing the reported findings. Following recommendations commonly
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adopted in empirical SE studies [20], we discuss the main threats
to validity and the strategies adopted to reduce their impact.

Construct Validity: This threat concerns whether the evalu-
ation measured usability, gameplay quality, and pedagogical ade-
quacy. To mitigate it, we adopted the AHJED framework [6], specif-
ically designed for DEGs. The questionnaire combined quantitative
severity ratings with qualitative comments, enabling the triangula-
tion of numerical scores and textual feedback. Furthermore, evalu-
ators were selected for complementary expertise in SA, usability,
educational technologies, and digital games. Nevertheless, heuristic
evaluations inherently rely on subjective perceptions, which may
introduce evaluator bias.

Internal Validity: Internal threats relate to factors that may
have influenced the results. The evaluation was conducted remotely
and asynchronously, without researcher supervision. Although this
reduced researcher interference and approximated a first-contact
scenario, participants may have interacted with the DEG under
different environmental conditions and exploration strategies. To
minimize inconsistencies, all evaluators received the same instruc-
tions, questionnaire, and game version. Additionally, the absence
of onboarding may have amplified first-time interaction difficulties,
while the countdown timer may have increased stress and affected
reflective reading during missions, potentially influencing severity
ratings of narrative engagement and gameplay flow.

External Validity: This threat concerns the generalization of
the findings. The main limitation is the sample size (𝑁 = 5) and
the evaluator profile. Although five specialists are consistent with
recommendations for heuristic evaluations [21], they do not rep-
resent the target audience of undergraduate students, who may
interpret interface elements, gameplay, and architectural concepts
differently. To mitigate this limitation, the panel included comple-
mentary expertise in SA, educational technologies, usability, and
digital games, providing a broader inspection perspective. Never-
theless, the findings should be interpreted as preliminary evidence
from expert inspection rather than classroom use. Moreover, the
current version of PatternQuest Game includes a limited set of
scenarios and architectural patterns, and the evaluation considered
only short-term interactions, leaving long-term adoption, learning
retention, and content expansion for future investigation.

Conclusion Validity: To reduce interpretation bias during data
analysis, heuristic violations and proposed refinements were cross-
referenced with evaluators’ qualitative comments and severity rat-
ings, ensuring that findings remained grounded in the inspection
evidence. The study does not claim actual learning gains or edu-
cational effectiveness, as heuristic evaluations primarily identify
usability, gameplay, and pedagogical design issues. Future class-
room studies will be necessary to investigate perceived learning,
engagement, and learning outcomes associated with the DEG.

7 Conclusion and Future Work
This paper presented PatternQuest Game , a DEG designed to
support SAE through narrative-driven missions centered on ar-
chitectural pattern selection and diagnostic reasoning. The game
was designed to contextualize SA concepts within investigative
scenarios in which players analyze software problems and select ar-
chitectural patterns based on the constraints and quality concerns.

This work described the evolution of the DEG after a previous
student-based evaluation and reported a complementary heuristic
evaluation with specialists using AHJED. The evaluation combined
severity ratings and qualitative feedback to investigate interaction,
gameplay, and pedagogical aspects.

Regarding RQ1, the heuristic evaluation indicated that special-
ists completed missions and interacted with gameplay features
without assistance. Most violations were low severity, suggesting a
stable interaction structure, while navigation, feedback, and timer
visualization issues revealed usability improvement opportunities.

Regarding RQ2, specialists positively perceived contextualized
missions, support materials, and progressive challenges as mecha-
nisms for presenting architectural concepts. The evaluation high-
lighted narrative scenarios and in-game materials as alternatives to
conventional activities, while also revealing limitations related to
mission ambiguity and time pressure effects on reflective reading
and engagement.

The findings should be interpreted considering the scope and lim-
itations of the evaluation methods. The results provide preliminary
evidence of perceived usability, gameplay experience, and peda-
gogical organization based on heuristic inspection and participant
perceptions, but do not demonstrate learning gains or retention.
Moreover, the limited number of specialists and short-term eval-
uation sessions restrict the generalization of findings to broader
educational contexts and long-term classroom adoption.

As future work, we plan to implement the refinements identified
during the heuristic evaluation, including improvements to mission
clarity, navigation affordances, gameplay indicators, and timing
mechanics. We also intend to investigate alternative gameplay con-
figurations with interaction flows.

To address ambiguity identified during the heuristic evaluation,
future versions will better separate problem diagnosis from architec-
tural pattern selection through clearer guidance and interface cues.
We also plan to support instructor-customized missions aligned
with learning objectives and course contexts.

Future versions of PatternQuest Game will also explore col-
laborative learning features associated with the Social Interaction
(IS) dimension of the AHJED framework, including cooperative
investigation activities and peer discussion mechanisms to support
reflection on architectural decisions and trade-offs.

Finally, future studies will involve classroom evaluations with
undergraduate SE and Computer Science students to investigate
perceived learning, engagement, usability, and learning outcomes.
These studies will employ pre- and post-tests, comparisons with
traditional instruction, and longer-term classroom use to assess
learning gains, architectural reasoning, and the educational poten-
tial and limitations of narrative-driven DEGs in SAE.

Artifact Availability
The artifacts generated and analyzed during this study are publicly
available. The game can be accessed at https://patternquestgame.
web.app/ . The data from the previous student experience eval-
uation using MEEGA+ is available at https://bit.ly/meegaplus ,
and the complete responses collected through the expert heuristic
evaluation are available at https://bit.ly/4f20u42 .

https://patternquestgame.web.app/
https://patternquestgame.web.app/
https://bit.ly/meegaplus
https://bit.ly/4f20u42
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