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Abstract

The development of Serious Games for Health (SGH) requires bal-
ancing playful engagement with clinical effectiveness. However,
many approaches rely on ad hoc practices that lack governance,
traceability, and integration between clinical knowledge and game
design. This paper evaluates a Requirements Engineering (RE)
framework designed to support SGH development by translating
clinical needs into auditable and traceable technical specifications.
The framework is based on the People-Processes-Products triad
and integrates RE practices with process maturity. We conducted a
case study involving adults with Autism Spectrum Disorder (ASD)
supported by a multidisciplinary team to evaluate the framework in
practice. The process employs a Requirements Traceability Matrix
(RTM) to connect clinical rules, implementation decisions, and indi-
vidualized Key Performance Indicators (KPIs). The results indicate
that the framework supports the systematic translation of clinical
requirements into implemented game mechanics while preserving
traceability throughout the development process. The use of struc-
tured artifacts, including the RTM and ScriptableObjects, enables
traceability across development stages, supports the analysis of
implementation decisions in relation to clinical objectives, and fa-
cilitates communication among multidisciplinary stakeholders. The
findings provide evidence of the framework’s applicability and sug-
gest that traceability mechanisms contribute to a more structured
and repeatable development process for serious games.
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1 Introduction

Serious games (SG) act as multifaceted intervention tools that ex-
tend beyond entertainment by leveraging game infrastructure such
as narrative, rewards, and interactivity to achieve specific objec-
tives [20]. In healthcare, developers apply these games across a
wide range of contexts, including physical rehabilitation and ex-
ergaming, cognitive training, mental health support, and profes-
sional medical simulation [6, 10, 13]. By transforming repetitive
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or exhausting treatments into motivating activities, these systems
create safe, controlled environments for skill development while
enabling healthcare professionals to monitor treatment outcomes
quantitatively.

The development of Serious Games for Health (SGH) poses an
engineering challenge that requires balancing playful engagement
with clinical effectiveness [7]. While the entertainment industry
has established frameworks that support immersive experiences,
researchers and developers often find that directly applying these
approaches to the health domain is insufficient [19]. To achieve its
objectives, SGH must operate as benefit-delivery systems in which
ludic mechanics coexist with scientific rigor and therapeutic fidelity
[6, 16]. Achieving this balance demands engineering a complete,
cohesive game experience rather than merely applying gamification
elements to existing clinical tasks.

Despite these advances, the current landscape reveals a method-
ological gap. Existing research shows that many groups develop
health-oriented games using ad hoc or empirical approaches and
rely on isolated methodologies tailored to specific clinical sce-
narios or technologies, without formal governance or traceability
[5, 13, 14]. This fragmentation often creates a communication gap
between healthcare professionals and software engineers, limit-
ing the reuse of components and the transfer of clinical knowledge
across different medical contexts [2, 8,9, 12]. As a consequence, SGH
projects often lack structured engineering processes that ensure
requirements consistency, process repeatability, and end-to-end
traceability throughout development.

To address this gap, this paper evaluates a Requirements Engi-
neering (RE) framework whose theoretical conceptualization was
established in previous research [4]. The present work expands
upon that foundation by providing its first practical validation
and methodological detailing. Specifically, it operationalizes the
framework by systematically generating engineering artifacts, in-
cluding the Software Requirements Specification (SRS), the Serious-
GDD [17], and a complete Requirements Traceability Matrix (RTM),
demonstrating how clinical requirements are translated into au-
ditable and traceable technical specifications. The paper further
analyzes how these artifacts support requirements traceability, con-
sistency, communication among multidisciplinary stakeholders,
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and alignment between clinical objectives and implemented game
mechanics throughout the development process.

To evaluate the framework in practice, we conducted a case
study involving the development of a vertical-slice prototype for
adults with Autism Spectrum Disorder (ASD). The case study eval-
uates the proposed engineering process by examining how clinical
knowledge is systematically translated into software artifacts and
implementation decisions. The clinical effectiveness of the resulting
game is outside the scope of this study. The results indicate that
the proposed framework, through its traceability mechanisms, pre-
serves clinical intent, reduces communication barriers among stake-
holders, and provides a measurable foundation for validating the
implemented mechanisms using individualized Key Performance
Indicators (KPIs).

This paper is organized as follows. Section 2 presents the theo-
retical background and positions this work within the literature.
Section 3 describes the architecture of the proposed framework,
based on the triad of People, Processes, and Products. Section 4
details the case study methodology involving adults with ASD, in-
cluding ethical protocols and stakeholder roles. Section 5 presents
and discusses the results of applying the framework, with a focus
on traceability, engineering artifacts, and process characteristics.
Finally, Section 6 concludes the paper and outlines directions for
future research.

2 Background

The development of SGH requires a convergence of Software En-
gineering (SE) and Health sciences to ensure digital interventions
are both clinically safe and entertaining [7]. Terminological and
conceptual differences between medical experts and software en-
gineers often lead to misinterpretations of clinical protocols [16].
To mitigate this, recent literature emphasizes the need to move be-
yond ad hoc approaches and transition to disciplined engineering
processes that treat clinical guidelines as foundational system rules
[6].

The current state of the art presents various methodologies aimed
at bridging this interdisciplinary gap, primarily through adapta-
tions of Requirements Engineering (RE). Frameworks such as the
MECHA model seek to map behavior change techniques directly
to specific game mechanics, providing a theoretical foundation for
clinical game design [12]. On a procedural level, approaches such
as CaSE] utilize visual canvases for collaborative requirements elic-
itation [14], while Agile Storyboarding serves as a visual contract
between clinicians and developers to represent physical constraints
before coding begins [10]. Furthermore, studies focusing on inter-
active floors [15] and wheelchair mobility [11] demonstrate the
necessity of participatory design and iterative validation with do-
main specialists.

Despite these valuable contributions, systematic reviews indi-
cate that most approaches remain strongly tied to specific clinical
niches or lack formal process maturity [1, 2, 5, 8]. A significant gap
remains regarding engineering processes that provide end-to-end
traceability, governance, and repeatability throughout the software
lifecycle. While existing models facilitate ideation and participatory
design, they frequently omit the systematic production of auditable
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engineering artifacts, such as the SRS and the RTM, limiting process
consistency, maintainability, and project scalability.

Table 1 compares representative SGH development approaches
in terms of their RE practices, adherence to process maturity models,
and central focus.

Table 1: Comparison of representative SGH development
approaches.

‘Work Domain RE Main Focus
[15] ASD Yes Hardware and Software Requirements for inter-
active floors.
[11] Motricity Yes Alignment between clinical protocols and User
Experience (UX).
[14] General Yes Collaborative brainstorming via the CaSEJ Can-
Health vas.
[6] General Yes Design reusability and personalization modules.
Health
[12] Behavior Partial ~ Behaviour Change Wheel into game design.
[3] ASD No Ad-hoc development focused on theoretical
grounding (DiagnosTEA).
Proposed General Yes Methodological rigor, quality, and repeata-
Framework Health bility.

Addressing the limitations highlighted in Table 1, the framework
evaluated in this study adopts a software engineering perspec-
tive grounded in the Requirements Engineering process defined
by Wiegers and Beatty [18]. By integrating a disciplined RE life-
cycle with standardized engineering artifacts, including the SRS,
Serious-GDD, and an explicit RTM, the framework establishes bidi-
rectional traceability from high-level clinical objectives to technical
implementation and validation. This process-oriented approach
improves communication among multidisciplinary stakeholders
while supporting governance, repeatability, and maintainability
throughout SGH development.

3 Framework Overview

The framework provides a structured methodological guide that
facilitates the communication between healthcare specialists and
software developers. The framework establishes a repeatable engi-
neering workflow for SGH development, replacing ad hoc creative
development practices. By integrating the iterative Requirements
Engineering (RE) lifecycle defined by [18], the architecture sup-
ports the convergence of multidisciplinary perspectives and the
systematic production of auditable software engineering artifacts
throughout development. The framework, illustrated in Figure 1,
is structured around three interdependent pillars: People (Stake-
holders), Processes (RE Lifecycle), and Products (Documentation
and Traceability Artifacts), providing governance and end-to-end
traceability across the software development lifecycle. Figure 1 de-
picts the complete engineering workflow and the information flow
among stakeholders, engineering activities, and software artifacts.

3.1 Multidisciplinary Stakeholder Architecture

To prevent the loss of clinical intent and ensure a highly engag-
ing experience, the framework relies on a modular stakeholder
architecture that remains constant across different health domains.
It establishes a collaborative dynamic to mediate the translation
between clinical rules and interactive entertainment:



Evaluating a Requirements Engineering Framework for Serious Games for Health

Matrix of
Requirements.
Traceability

L) e susr

Validatiop,

‘Game Development

<0

siness
I

Figure 1: Operational Architecture of the Requirements En-
gineering framework for SGH development.

e Healthcare Professional (Domain Authority): Defines
the business rules, therapeutic objectives, and non-negotiable
safety protocols. They act as the primary source of clinical
evidence.

e End User (Patient): Included as an active stakeholder from
the outset to define preferences, accessibility needs, and
sensory barriers, ensuring the system is tailored to the target
demographic’s reality.

e IT Professional (Technical and Experience Architect):
Responsible for the system’s software architecture, evalu-
ating technological feasibility, and defining functional and
non-functional requirements. In the context of SGH, this pro-
fessional acts as both the software engineer and the game
designer. Once the clinical base is validated, they structure
the playful layer, translating clinical constraints into engag-
ing mechanics, dynamics, and aesthetics.

Although these roles define clear responsibilities and decision-
making authority, development teams remain multidisciplinary and
collaborative. Multiple professionals may contribute to each role,
requiring continuous interaction between health and technology
specialists.

3.2 The Requirements Lifecycle and
Specification Formats

The framework follows an iterative and incremental RE lifecy-
cle organized into four stages: Elicitation, Analysis, Specification,
and Validation. This structure introduces a bidirectional validation
mechanism to maintain consistency between clinical objectives and
implemented features. The phases are iterative by design, allowing
the workflow to function as a continuous loop that returns to earlier
stages for refinement, as shown in the framework’s architecture,
while preserving clinical intent throughout development.

During Elicitation, the team captures raw clinical evidence and
user feedback to generate high-level Business Rules (BR) and Stake-
holder Requirements. This is immediately followed by the Analysis
phase, in which the IT Professional serves as a technical filter. In
this stage, the team produces a Technical Feasibility Study to eval-
uate technological constraints, define the executable scope, and
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prevent scope creep, ensuring that only viable clinical demands
advance to the design phase.

The Specification phase then formalizes the project by synchro-
nizing two core artifacts: the SRS and the Serious Game Design
Document (Serious-GDD). To improve consistency and reduce ambi-
guity, it is suggested that the specification relies on standardized tex-
tual formats rather than free-form descriptions. For example, teams
can adopt structured textual requirements using formal syntax and
unique identifiers (e.g., STK-REQ-01 for Stakeholder Requirements,
RN-01 for Business Rules, and RF-01 for Functional Requirements)
to facilitate automated tracking. Furthermore, functional require-
ments can be broken down into user stories and acceptance criteria
(e.g., “As a patient with ASD, I want visual indicators of emotion
so that I can understand the NPC’s intent without ambiguity”).
While the SRS establishes a holistic product view detailing techni-
cal capabilities, the Serious-GDD translates these requirements into
technical mechanics and playful sensations (e.g., a “Social Ther-
mometer” UI).

Finally, Validation concludes the increment. In this stage, the
multidisciplinary team evaluates the implemented features against
the predefined acceptance criteria and KPIs, thereby transform-
ing subjective feedback into quantitative data to support informed
decision-making. If a requirement is found to be clinically valid but
technically infeasible or insufficiently engaging during this phase,
the iterative loop forces the team to return to the Elicitation or Anal-
ysis stages to adjust the design while preserving the clinical goals.
This iterative workflow also ensures that every implementation
decision remains explicitly connected to its originating require-
ment and corresponding validation artifact, preserving consistency
throughout the development lifecycle.

3.3 Artifacts and Traceability Analysis

To elevate SGH development from an ad hoc activity to a mature en-
gineering process, the framework institutionalizes software quality
through a standardized documentation baseline. This centralized
artifact acts as a comprehensive product contract, seamlessly inte-
grating clinical objectives with engineering goals. It demonstrates
how the conceptual framework is materialized into auditable en-
gineering artifacts, ensuring that technical implementations do
not deviate from medical protocols. The framework mandates the
progressive construction of a unified Requirements Document struc-
tured into nine interdependent modules. This model ensures that
no code is written without prior clinical justification:

(1) Stakeholder Profiles: Formalizes the multidisciplinary triad
(Healthcare Professional, IT Professional, and End User) and
defines responsibilities to prevent validation gaps.

(2) Business Requirements: Defines the high-level strategic
and operational goals of the software (e.g., cost reduction,
scalability).

(3) Stakeholder Requirements: Captures the direct needs,
pain points, and expectations of the users and clinicians,
elicited before any technical discussion.

(4) Business Rules (Clinical Protocols): Establishes the clini-
cal rules and safety limits that govern system behavior. These
are non-negotiable constraints translating medical knowl-
edge into logical sentences.
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(5) Technical Feasibility and Prioritization: Evaluates tech-
nological feasibility, defines the project’s actual scope based
on available resources, preventing scope creep and ensuring
executable boundaries.

(6) Serious Game Design Document (Serious-GDD): Maps
the ludic elements (mechanics, dynamics, aesthetics) directly
linked to health objectives.

(7) Software Requirements Specification (SRS): Details the
Functional and Non-Functional Requirements necessary for
implementation.

(8) Acceptance Criteria (KPIs): Defines quantifiable metrics
to validate whether the implemented system successfully
meets the clinical and technical baselines.

(9) Requirements Traceability Matrix (RTM): Establishes a
bidirectional map linking the clinical origin of a requirement
to its technical component and validation metric.

To prevent communication gaps, the framework avoids isolated
documentation. Instead, it synchronizes the SRS with the Serious-
GDD. While the SRS details the system’s technical boundaries and
constraints, the Serious-GDD translates these boundaries into ludic
experiences and mechanics. A significant risk in SGH development
is the loss of clinical fidelity when projects are transferred between
different multidisciplinary teams or third-party developers who
lack medical backgrounds. The framework ensures autonomy and
mitigates the risk of this protocol breach by treating the RTM as a
standalone technical contract, supported by strict ID standardiza-
tion.

During the handover process, the receiving team not only re-
ceives the source code but also inherits the complete documentation
baseline, in which traceability IDs are directly embedded in the
game engine’s architecture (e.g., variable names or inspector tags
within Unity). For example, if a third-party developer needs to alter
the Social Filter System dialogue tree, the engine’s interface ex-
plicitly references a documentation requirement. Before modifying
the code, the developer must cross-reference the RTM, verify that
the requirement is strictly bound to RN (Denotative feedback) and
validate it against KP1.

This closed-loop methodology minimizes the need for direct
supervision from the original healthcare professionals during tech-
nical updates. The standardized artifacts provide the necessary
guardrails, ensuring that any external team can safely scale or
maintain the serious game without distorting the original clinical
intent or compromising the statistical validity of patients’ reports.
Consequently, the framework supports software evolution while
preserving the consistency between clinical requirements, imple-
mentation decisions, and validation criteria.

4 Case Study Methodology

This case study evaluates the proposed Requirements Engineering
(RE) framework in practice by developing a serious game for adults
with Autism Spectrum Disorder (ASD)!. The evaluation focuses on
how the proposed engineering process systematically transforms
clinical knowledge into consistent, traceable, and auditable software

IThis study was approved by the Ethics Committee of the participating in-
stitution. The details of this approval can be found on the Brazil Platform
(plataformabrasil.saude.gov.br) under the Certificate of Presentation for Ethical Review
(CAAE) number 8442725.6.0000.5083, with approval opinion number 7.615.894.
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artifacts. The resulting prototype serves as the vehicle for evaluating
the framework.

To execute the proposed engineering process, the project estab-
lished a multidisciplinary volunteer team comprising representa-
tives from each stakeholder group defined by the framework.

e UF-01 (End User): An adult diagnosed with ASD and with a
high level of digital literacy, representing the patient’s voice
to confirm accessibility and engagement.

e PS-01 (Healthcare Professional): A psychiatrist special-
izing in neurodevelopment, focused on identifying clinical
objectives and support for digital interventions.

e PS-02 (Healthcare Professional): A neuropsychologist
specialized in cognitive evaluation and social movement,
defining the rules for pragmatic communication and metaphor
interpretation.

e PS-03 (Healthcare Professional): A psychiatrist focused
on behavioral modeling, scenario predictability, and prevent-
ing infantilization in adults.

e DEV-01 (IT Professional): Researcher and developer re-
sponsible for technical architecture, requirements engineer-
ing, and implementation.

e DEV-02 (IT Professional): Software engineer responsible
for auditing and validating the generated artifacts.

The execution of the framework was analyzed across its four
iterative phases to examine how each stage contributes to require-
ments refinement, artifact generation, traceability, and validation
throughout the development lifecycle.

Phase 1 - Elicitation: Utilized structured interviews to iden-
tify clinical guidelines and user barriers. UF-01 identified sensory
triggers and the need for objective indicators of intent to reduce
social “paralysis”. PS-01 established the need for multimodal syn-
chrony (speech, face, and text). PS-02 proposed training for “social
filters” and metaphor interpretation. PS-03 emphasized scenario
predictability and the elimination of punitive “Game Over” states.
This phase established the initial documentation baseline by pro-
ducing Business Rules (BR) and Stakeholder Requirements, which
served as the foundation for all subsequent engineering artifacts.

Phase 2 - Analysis: DEV-01 evaluated clinical demands for tech-
nical feasibility. This phase filtered requirements to ensure they
were executable within the Unity engine, for example, by replacing
real video assets with controlled digital animations to maintain
frame stability and prevent sensory overload. The outcome of this
phase was a refined and technically consistent requirements base-
line. DEV-02 audited the artifacts and identified missing traceability
details required to support third-party development. Based on this
process, the team developed the Technical Feasibility Study and
prioritized functionalities, such as the “Social Thermometer” and
“Loop of Correction”, based on impact and implementation effort.

Phase 3 - Specification: DEV-01 formalized the engineering
baseline for implementation. DEV-01 generated the SRS, detailing
technical requirements like telemetry and audio control, and the
Serious Game Design Document (Serious-GDD) [17], which trans-
lates clinical needs into narrative and procedural mechanics. Table
2 presents a simplified template fragment that demonstrates how
these clinical rules are mapped to both technical and playful docu-
mentation before any code is written. These artifacts collectively
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established the documentation baseline used throughout implemen-
tation and validation.

Table 2: Simplified Documentation Baseline Template

Dimension Identifier Description

Clinical Origin STK-REQ-03Pedagogical Feedback: The
RN-01 user requires immediate, clear

explanations.

Business Rule: Prohibition of

punitive “Game Over” states.
Technical Spec. RF-02 Functional Req.: The system
(SRS) must implement modular pro-
gression allowing an immediate
retry loop upon error.
Procedural Dimension: Imple-
mentation of a “Correction Loop”
that pauses gameplay to provide
explicit feedback without reset-
ting progress.

Design  Spec. GDD-3.3

(Serious-GDD)

Phase 4 - Validation: Focused on validating both the imple-
mented prototype and the engineering artifacts produced through-
out development. This phase generated a set of KPIs established
by the clinical stakeholders (PS-01, PS-02, PS-03) and UF-01, in-
cluding the accuracy rate for NPC intention interpretation (KPI-01)
and session engagement time (KPI-03). These KPIs also allowed
the multidisciplinary team to verify that the engineering artifacts
consistently upheld the intended clinical objectives throughout im-
plementation. The RTM linked each implemented mechanic to its
clinical origin and corresponding validation KPI. Table 3 illustrates
the core structure of the RTM applied to the case study.

5 Framework Instantiation: A Vertical Slice

To validate the practical applicability of the RE framework, a func-
tional prototype was developed as a vertical slice. The prototype
was built in the Unity Engine?, using C# to implement procedural
logic. This resulting prototype serves as a proof of concept for the
proposed RE framework, demonstrating how clinical requirements
elicited during the early phases are systematically translated into
executable software components while preserving traceability to
the corresponding engineering artifacts.

The resulting artifact is a narrative simulator designed to train
social and pragmatic skills for adults with ASD. Set in a highly pre-
dictable simulated office environment, the game presents players
with everyday workplace interactions and social dilemmas. Play-
ers engage in branching dialogues with Non-Player Characters
(NPCs) and must navigate figurative language, sarcasm, and so-
cial nuances. To ensure cognitive accessibility, the game features a
Low-Poly aesthetic with a muted color palette to prevent sensory
overload, alongside dynamic visual aids that translate subjective
emotional cues into objective data. All implemented features, tech-
nical constraints, and ludic mechanics instantiate the requirements
and traceability links previously established in Table 2 and Table 3.

Zhttps://unity.com/
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Oh man, I'm way behind on this report—I can't stop to chat right now!

| completely understand. When you [But | just want to know where you puf
take a break, can we have a quick |  the stapler. Just give me a quick
chat? answer.

Figure 2: Gameplay overview of the narrative simulator,
showcasing the predictable office environment and the inter-
active dialogue interface designed for pragmatic training.

Beyond the visual and interactive layer, a fundamental software
engineering decision in this project was the strict separation of
procedural game logic from clinical content. In SGH development,
clinical protocols are frequently revised by healthcare profession-
als, making hardcoded dialogue or scenario logic highly inefficient
and error-prone. To resolve this, the architecture leverages Unity’s
ScriptableObjects as data containers to structure the narrative
and clinical scenarios. This isolation ensures that clinical guidelines
such as the requirement to train social nuances (STK-REQ-05) us-
ing denotative feedback (RN-06) are treated as independent data
assets rather than being embedded within C# execution scripts. Fur-
thermore, the DialogueNode data structure allows developers to
directly link each dialogue branch to its specific functional require-
ments, such as the dialogue-branching logic (RF-03), in the Unity
Inspector. This explicit linkage, illustrated in Figure 3, ensures that
every interaction presented to the player serves a documented clin-
ical purpose, facilitating both technical maintenance and clinical
auditing.

The framework mandates that non-negotiable clinical rules gov-
ern system behavior. For adults with Autism Spectrum Disorder
(ASD), traditional punitive mechanics like a “Game Over” state can
trigger frustration and anxiety, violating the principle of sensory
safety. Consequently, the prototype replaces punitive states with a
non-punitive “Correction Loop”, directly fulfilling the clinical busi-
ness rule that strictly prohibits “Game Over” states (RN-01) through
modular progression (RF-02). When a user selects a literal, socially
inappropriate dialogue option, the system pauses the narrative pro-
gression. Instead of terminating the session, the system triggers
a pedagogical feedback panel (STK-REQ-03), explicitly detailing
the social nuance of the situation and allowing for an immediate
re-attempt. As seen in Figure 4, this mechanic directly translates
the clinical requirement for modeling-based learning into an ex-
ecutable software flow without causing cognitive overload. This
mechanic demonstrates how a documented clinical requirement
can be consistently propagated from specification to executable
behavior.

To transform the ludic experience into a legitimate diagnostic
and therapeutic support tool, data collection must be transparent,
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Table 3: Requirements Traceability Matrix (RTM) Core Structure

Clinical Origin Technical Spec.
(STK-REQ/ RN) (SRS / GDD)

Implemented Game Mechanic

Validation (KPI)

STK-REQ-01: Support for social read- RF-01: Emotion indicator.
ing; RN-04: Multimodal synchrony. ~ GDD-3. 2: Visual UL
STK-REQ-03: Pedagogical feedback; RF-02: Modular progression.

Social Thermometer UI linked to dynamic NPC KPI-01: Accuracy rate in in-

facial expressions.
Correction Loop: Pauses gameplay upon an error KPI-03: Session engagement

tention interpretation > 70%.

RN-01: No “Game Over”. GDD-3. 3: No-punishment. to provide explicit feedback and allow a retry. time > 15 min.

STK-REQ-05: Train social nuances; RF-03: Dialogue branching. Social Filter System: Dialogue choices distin- KPI-06: Accuracy in

RN-06: Denotative feedback. GDD-3. 3: Semantic Sys. guishing literal truth from social adequacy. metaphor interpretation
> 70%.

STK-REQ-04: Clinical monitoring; RF-04: Telemetry module.
RN-07: Data integrity. GDD-3. 4: Data export.

Automated Logs: Extraction response latency and KPI-05: Integrity of the ex-
dialogue errors to CSV.

ported data.

Response Options
of

Next Node

Controle Facial (REQ-01)

Happines:

Figure 3: Unity Inspector view of a DialogueNode showcasing
the decoupling of clinical content and the direct requirement.

Although your question was simple, the NPC
gave a clear signal that he could not be
interrupted ("I'm running really late").
Pressing a need of your own while ignoring
the other person's urgency is perceived as a

lack of consideration, causing irritation for the
person you are speaking to.

Try Again

Figure 4: Interface of the non-punitive Correction Loop dis-
playing pedagogical explanations after a literal error.

structured, and continuous to guarantee clinical monitoring (STK-
REQ-04) and data integrity (RN-07). The architecture incorporates
a dedicated telemetry module (RF-04) designed to capture clini-
cal metadata without interfering with gameplay performance. The
telemetry module continuously monitors user interactions across
all scenes and dialogue nodes. The telemetry module consolidates
performance data in real time, capturing critical metrics such as
Response Latency (the hesitation time during social processing)
and Accuracy Rates per specific dialogue node. At the conclusion
of each session, the TelemetryManager exports the consolidated
metrics to a .csv file. This structured output, shown in Figure 5,
allows healthcare professionals to import the logs into external data
analysis software, providing quantitative evidence for long-term
clinical tracking across different simulated social environments.
Because every collected metric remains linked to its originating
requirements and corresponding KPIs through the RTM, the teleme-
try module also supports the validation of the engineering artifacts
produced by the proposed RE framework.

A B c D E F G
1 Date Patient  Scenario ID_Requisite NPC_Sentence Result Attempts

S0? What did you think of the draft |

2 2026-04-06 15:21 Patient 01 Scene 01 STK-REQ-03 made? Be honest—I can handle the truth!

Needs Practice 2

I think there are some very good points,
3 2026-04-06 16:21 Patient 02 Scene 01 STK-REQ-03 but we can tweak a few details logetherto Mastered 1
make it perfect.

I feel like I'm carrying the weight of the
world on my shoulders this week

Itlooks like you have a heavy workload. Is
there anything | can help with?

Oh man, I'm way behind on this report;
can't stop to chat right now!

I totally understand. When you take a
break, can we have a quick chat?

You did a great job on the report. You
really nailed it!

We need this code ready by 5 PM. Time
flies when we're at the end of a project!
Wowl Arriving 20 minutes late on a
Monday. . quite the start to the week, huh?
I'm really overwhelmed with these new
requirements. Could you give me ahand ~ Mastered 1
with this documentation?

4 2026-04-06 15:21 Patient 03 Scene 01 STK-REQ-03 Needs Practice 2

5 2026-04-06 15:21 Patient 04 Scene 01 STK-REQ-03 Mastered 1
& 2026-04-06 15:21 Patient 05 Scene 01 STK-REQ-03 Needs Practice 4
2026-04-06 15:21 Patient 06 Scene 01 STK-REQ-03 Mastered 1
% 2026-04-06 15:22 Patient 07 Scene 02 RN-01 Needs Practice 5
9 2026-04-06 15:22 Patient 08 Scene 02 RN-01 Needs Practice 5

10 2026-04-06 15:22 Patient 03 Scene 02 RN-01 Needs Practice 2

1 2026-04-06 15:22 Patient 10 Scene 02 RN-01

Your presentation was good, but | feel like
you really dragged out the introduction with Mastered 1
a lot of fluff.

12 2026-04-06 15:22 Patient 11 Scene 02 RN-01

Figure 5: Clinical report generated by the TelemetryManager,
logging patient performance metrics and response latency.

6 Validation and Discussion

The case study evaluation aimed to assess whether the proposed
RE framework successfully aligns technical execution with clini-
cal intent while preserving requirements traceability throughout
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development. The evaluation also verified compliance with the es-
tablished Key Performance Indicators (KPIs) and examined whether
the engineering artifacts consistently supported implementation
and validation activities. Data collection was conducted through
assisted inspection sessions and semi-structured interviews. Evalu-
ators utilized a formal assessment instrument based on a 5-point
Likert scale—ranging from Strongly Disagree (1) to Strongly Agree
(5) to assess compliance with sensory, clinical, and architectural
requirements. To mitigate proximity bias, the evaluation panel was
divided into two distinct groups: internal stakeholders who par-
ticipated in the elicitation phase (comprising the end-user UF-01,
healthcare professionals PS-01 and PS-02, and IT professional DEV-
02), and independent external auditors (an external psychologist
and an external software engineer).

The quantitative and qualitative results indicate that the pro-
posed engineering process consistently supported the translation
of clinical requirements into implemented software components.
The documentation baseline and traceability mechanisms remained
consistent throughout development, and the resulting prototype
demonstrated strong compliance with the established KPIs.

Regarding sensory safety (KPI-02), the end-user (UF-01) reported
agreement that the neutral color palette and controlled visual stim-
uli prevented sensory overload, confirming that the Non-Functional
Requirements directly supported cognitive accessibility. Clinically,
both internal and external healthcare professionals assigned scores
that validated the pedagogical flow (KPI-03). They also confirmed
the non-punitive correction loop as an effective, modeling-based
learning tool for adults with ASD, noting that the absence of a
“Game Over” state aligns with clinical protocol. Furthermore, the
specialists confirmed the clinical utility and integrity of the ex-
ported telemetry data (KPI-05), emphasizing that the captured
response latencies provide actionable, quantitative evidence for
future therapeutic planning.

From a software engineering perspective, the external techni-
cal audit validated the framework’s autonomy and scalability. The
independent developer confirmed that the documentation base-
line—comprising the SRS, Serious-GDD, and RTM—was sufficiently
complete and consistent to support implementation without re-
quiring continuous supervision from the original clinical team.
Moreover, the internal audit conducted by DEV-02 successfully
identified specific traceability elements that were insufficiently
specified for third-party scenarios. This finding is a positive out-
come of the framework’s governance, demonstrating that its review
mechanisms effectively catch architectural ambiguities before full-
scale implementation, thereby triggering a necessary refinement
iteration.

Despite these promising outcomes, this study presents specific
threats to validity that must be acknowledged. The primary limita-
tion is the sampling bias, as the practical evaluation of the vertical
slice relied on feedback from a single end-user with ASD (N = 1).
Consequently, the current evaluation should be interpreted as a
validation of the engineering process rather than evidence of the
clinical effectiveness of the resulting serious game. While the mul-
tidisciplinary panel of specialists provides significant analytical
depth, the limited sample size of users prevents statistical general-
ization of the game’s clinical efficacy across the highly heteroge-
neous autism spectrum. The current findings therefore validate the
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engineering process itself. The evaluation demonstrates that the
framework successfully generates auditable, traceable, and sensory-
safe software artifacts, providing a structured foundation for future
large-scale clinical trials.

7 Conclusion

The development of Serious Games for Health requires a structured
integration between clinical knowledge and software engineering
practices. A major limitation in current SGH literature is the lack of
formal governance. This evaluated framework addresses this gap
by explicitly prioritizing process maturity, standardized engineer-
ing artifacts, and rigorous traceability. This structural alignment
supports the development of serious games as an institutionalized,
repeatable software engineering process rather than an individual,
experience-driven activity. The framework formally translates sub-
jective clinical needs into objective, verifiable system requirements
before technical implementation begins.

Furthermore, requirements management is operationalized through
the RTM, which establishes bidirectional traceability between clin-
ical objectives, software artifacts, implementation decisions, and
validation criteria. This continuous mapping helps prevent uncon-
trolled scope changes, supports software evolution, and preserves
clinical fidelity throughout the project lifecycle. By standardizing
the documentation baseline—including the SRS, Serious-GDD, and
RTM—and employing standardized identification across projects,
the framework enables multidisciplinary teams to develop SGH
solutions with improved governance, maintainability, repeatability,
and technical quality.

The case study, which focused on developing a vertical slice for
adults with ASD, provided practical evidence of the framework’s
applicability. The case study results indicate that the proposed
engineering process supports the systematic generation of traceable
software artifacts and facilitates the alignment between clinical
objectives and implemented game mechanics. The framework’s
effectiveness depends on the quality of requirements elicitation
and ongoing stakeholder involvement. Nevertheless, the case study
demonstrates the feasibility of using it as a structured Requirements
Engineering process for SGH development.

Overall, the results support the applicability of the proposed
framework as a disciplined Requirements Engineering process for
Serious Games for Health, while broader empirical evaluations
remain necessary to establish its generalizability.

Future work will extend the evaluation to broader clinical scenar-
ios and larger participant groups, addressing the current sampling
limitations and assessing the framework’s generalizability across
different neurodivergent profiles. Additional studies will investi-
gate the framework’s scalability in more complex projects and its
applicability to other healthcare domains, such as physical rehabili-
tation. Future research will also explore integrating the RTM into
agile software development environments to support automated
traceability management during iterative development cycles.

Artifact Availability

Due to ethical restrictions and patient confidentiality requirements
established by the Ethics Committee, the clinical datasets and
telemetry logs generated in this study are not publicly available.
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