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Abstract—Serious Games (SGs) have been explored in health-
care for their potential as gamified means for disease assessment
and/or intervention. Designing effective SGs requires attention
to user requirements and iterative development. We introduce
a SG design process for Psoriatic Arthritis (PsA) patients,
aiming to enhance their quality of life. The latter is exemplified
via “The Kite” Breathing SG, part of the Horizon Europe
iPROLEPSIS project, which targets PsA symptoms, promoting
relaxation and, potentially, alleviating stress and inflammation.
Developed through an agile methodology, it engages patients,
researchers, developers, and healthcare professionals in iterative
co-design. Incorporating the “Liked, Learned, Lacked, Longed
for” (4Ls) technique, feedback is systematically collected, refining
designs and prioritizing user-centric features. Insights from 29
experts and patients led to the first working prototype of ‘“The
Kite” breathing SG. Ongoing work focuses on refining the
game for clinical validation trials in ten months, emphasizing
a comprehensive approach to SG design and development.

Index Terms—Serious Games, Psoriatic Arthritis, Game De-
sign, Agile Methodology, Co-Design, Breathing Games

I. INTRODUCTION

ERIOUS games (SGs) have emerged as promising tools in
healthcare, leveraging gamification principles to engage
users in health-related activities and interventions [1]. Their
potential lies in their ability to make healthcare experiences
more enjoyable and interactive while addressing specific health
concerns. However, designing effective SGs requires a deep
understanding of user needs and preferences, as well as a
rigorous iterative development process to ensure usability and
efficacy [2]. In this line, we introduce a SG design process
tailored for individuals with Psoriatic Arthritis (PsA), a chronic
autoimmune condition characterized by joint pain, stiffness,
and skin inflammation [3]. In addition, the unpredictable na-
ture of flare-ups poses challenges in daily activities, impacting
the physical and emotional aspects of individuals with PsA.
Stress and anxiety can worsen the physical symptoms of PSA
patients, leading to the need for lifestyle adjustments, such as
dietary changes and relaxation techniques [4].

The research leading to these results has received funding from the Euro-
pean Union’s Horizon 2020 Research and Innovation Programme under grant
agreement no. 101095697 (iPROLEPSIS: Psoriatic Arthritis Inflammation
Explained through Multi-Source Data Analysis guiding a Novel Personalised
Digital Care Ecosystem).

The significant impact of PsA has motivated researchers
to explore innovative technologies aimed at monitoring and
preventing its progression. These technologies include self-
monitoring devices and mobile apps that gamify daily routines
[5]. Despite extensive research on various types of arthritis and
rehabilitation methods, there is a notable gap in the literature
regarding the effects of SGs specifically designed for PsA.
Given the promising outcomes of SGs in various contexts (e.g.,
Parkinson’s Disease [6], Cardiovascular Disease [7], Mental
Disorders [8], Covid-19 [9]), our study aims to investigate the
potential of SGs as a means to alleviate PSA symptoms. Taking
into account the aforementioned perspectives, this paper aims
to contribute to the understanding of using innovative digital
solutions, such as breathing SGs, to enhance the well-being
of individuals with PsA, and potentially inform the design
process of similar interventions in related health contexts.
Adopting an agile co-design methodology [10], our approach
involves iterative design and development of SGs, incorpo-
rating input from both patients and experts. This research
methodology allows us to extract essential guidelines for SG
design, ensuring that each SG is tailored to meet the unique
needs and preferences of PsA patients. The Breathing Games
presented here, part of the Horizon Europe iPROLEPSIS
project (https://www.iprolepsis.eu), are tailored to target PSA
symptoms by promoting relaxation and potentially alleviating
stress and inflammation through breathing exercises. Breathing
exercises, which have shown promise in reducing stress levels,
and games integrating guided meditation or breathing exercise
routines, can be beneficial in managing these symptoms [11].
More specifically, “The Kite”” Breathing game introduced here
incorporates specific breathing patterns, inspired by relevant
techniques, such as cardiac coherence breathing training [12]
and the Pranayama breathing technique [13].

This paper is structured as follows: Section II provides
relevant background information, while Section III outlines
the methodology, including the study context, sample, and data
collection. Section IV presents the results and discusses these
findings. Finally, Section V concludes the work.

II. BACKGROUND

The treatment of PsA typically centers on regulating the
inflammatory process through a combination of pharmacolog-



ical and non-pharmacological interventions [14]. Traditional
methods include using disease-modifying antirheumatic drugs
(DMARD:s), and synthetic agents targeted PsA [15], [16].
These methods, however, have proven to be ineffective for
many patients [16] or effective only for some, and as a result,
they have been evolving over the last two decades towards
other, more targeted biological interventions complemented
by physical, occupational, and massage therapy [17]. Recent
research has focused on providing personalized care for PsA
patients, aiming to accurately predict and adapt to their indi-
vidual needs [18]. Personalized medicine studies in the PsA
domain have considered various approaches, including inves-
tigating immunological responses and addressing factors such
as pain management and psychological health monitoring [19].
Recognizing the multisystemic nature of PsA, models have
been developed to integrate multidisciplinary teams including
experts such as dermatologists, rheumatologists, and psychol-
ogists [17]. The legitimacy of SGs as medical interventions is
showcased by the approval of the mobile game EndeavorRX
for treating attention deficit hyperactivity disorder (ADHD)
by the U.S. Food and Drug Administration (FDA) [20]. This
precedent supports the exploration of prescription-based SGs
for conditions such as PsA, in line with the objectives of
iPROLEPSIS project and highlighting the transformative im-
pact of digital health solutions on improving patient outcomes
and their quality of life. Furthermore, the study performed by
Pallavinci et al. [21] underlines the relationship between media
stimuli and emotional arousal, showcasing the effectiveness of
games in simulating stress responses. Though their focus was
on anxiety disorders, the concept extends to conditions such as
PsA where stress and anxiety are known triggers for flare-ups.
In a patient-focused study conducted by Wanda et al. [22], the
demand for technologies covering medication, diet, and pain
tracking also echoes our objectives in creating patient-centric
tools; however, the frustration expressed by patients regarding
existing technologies being labor-intensive and lacking sup-
port beyond symptom tracking reinforces the importance of
developing solutions that go beyond mere monitoring.

Within this context, incorporating both patients and mul-
tidisciplinary experts into the co-design process, “The Kite”
Breathing game is introduced here for the first time, aiming
to promote relaxation and potentially alleviate stress and
inflammation in PsA patients, consequently enhancing their
quality of life.

III. METHODOLOGY

In the context of emerging health technology solutions, a
crucial factor lies in leveraging end-users’ experiences and
involving them actively throughout the design and develop-
ment process. This practice, known as co-creation process
[23], involves engaging diverse stakeholders such as patients,
Healthcare professionals (HCPs), and researchers from the
very early stages. This collaborative approach treats end-users
as equal partners, engaging them in the ideation, design,
and testing phases of new solutions. Adopting a co-creation
feedback approach allows artists/designers and developers to

tap into the valuable knowledge of end-users, integrating their
insights into the agile product development cycle [24], [25].

A. Study context

The current study is a component of the iPROLEPSIS
(Psoriatic Arthritis Inflammation Explained through Multi-
Source Data Analysis guiding a Novel Personalised Digital
Care Ecosystem) Horizon Europe research initiative, aimed
at designing, developing, and validating innovative digital
biomarkers for PsA assessment and intervention through an
Artificial Intelligence-Personalized Game Suite (AI-PGS) col-
laboratively created with key stakeholders. With a multi-
targeting objective and designed to tackle PSA symptoms, the
AI-PSG aims to provide intervention activities to improve
breathing, mobility, stiffness, balance, coordination, fitness,
diet, and mood. This involves employing biofeedback and
a holistic approach for managing stress/anxiety, fatigue, and
pain, including the creation of various SGs categories, namely:
Exercise Games, Dietary Games, Emotional Games, No Pain
Games, Sensorimotor Art Games, and Breathing Games. The
focus of the present study on Breathing Games emphasizes the
importance of mindful breathing techniques to reduce stress
and promote relaxation, which can alleviate symptoms of PsA.

B. “The Kite” Agile Design Process

An agile game approach has been utilized for “The Kite”
breathing SG. This approach involves gathering feedback
from the earliest stages to iteratively refine both the game
ideation process and the game prototype. For the abstract
ideation process, the Crazy 8s methodology (“sketch 8 ideas
within 8 minutes”) [26] was initially applied to encourage
collaborative innovation in the design of the breathing SG
via sketching. A diverse group of stakeholders, including
healthcare professionals, patients, researchers, and technical
experts, was brought together for this purpose. Overall, a
variety of game ideas/sketches were creatively and collabo-
ratively developed during the initial co-creation session (Fig.
1(a)), leading to the creation of preliminary versions of game
storyboards. For the initial game prototype, agile sessions
actively involved patients and HCPs as co-creators and co-
designers to enhance the design of the Breathing Games.
Figure 1(b) shows an excerpt from “The Kite” Breathing
Game storyboard. In “The Kite” game, the patient controls
a kite using their breath, guiding it through specific breathing
patterns (e.g., 4 seconds inhale-4 seconds exhale) in the sky.
If the patient fails to maintain the specified breathing pattern,
the kite deviates from its intended trajectory. The patient must
play the breathing game while facing the smartphone, and
the breath feedback will be captured through the microphone
sensor (Fig. 1(b)). Overall, during each sprint, we held game
development meetings to reflect on progress, identify areas for
improvement, assess clinical relevance, and plan the next steps.
Each session served as an opportunity to review the outcomes
of the previous sprint, including the feedback gathered from
stakeholders, and to incorporate this feedback into our ongoing
development efforts. Finally, employing the “Liked, Learned,
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(a)

Let’s Go Fly a Kite

Inhale

This game is based on cardiac
coherence breathing training, using a
specific breathing pattern (eg.: 4-4). This
breathing technique helps you manage
stress and anxiety.

Select below the breathing pattern that
best fits your condition/situation.

[v

X

Figure 1. Co-design sessions involving (a) the game ideation process and
Crazy-8s sketch (initial sketch of the breathing games category are marked
with dashed blue square); and (b) Initial prototype of the breathing game
“Let’s Go Fly a Kite” storyboard.

(b)

Lacked, Longed for” (4Ls) technique [27], more advanced
game prototypes and mock-ups were used for the agile sprint
retrospective session (Fig. 3), which is central to the present
study. All members of the team are required to attend the
retrospective and actively participate in the discussion. Overall,
the 4Ls retrospective framework is commonly used in game
development to gather feedback from stakeholders and guide
iterative improvement. It involves categorizing feedback into
four areas -Liked, Learned, Lacked, and Longed for-, pro-
viding a structured approach to understanding user perspec-
tives. This method enables the reinforcement of liked aspects,
learning from experiences to guide future iterations, addressing
identified lacks in subsequent phases, and drawing inspiration
from longings for future game features or enhancements,
streamlining the design process.

C. “The Kite” Architecture

Figure 2 outlines the high-level architecture of “The Kite”
breathing game. The patient interacts with “The Kite” SG,
which responds to their breathing patterns (e.g., inhale/exhale)
captured by the smartphone’s microphone, while data collected
via the smartwatch (e.g., heart rate variability) is transmitted
using Bluetooth. These data are then stored in a cloud-based
Data Management System, including user profiles, health data,
and game settings, which can then be used for further game
personalization. The game was developed in Unity 2022.3
LTS, with the assets designed in Blender.
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Figure 2. High-level architecture of the Breathing Games, including process
and data flow, and interactions with other components.

D. Participants and data collection

The agile retrospective session took place on December
2023, in Rotterdam (Netherlands). This collaborative session
brought together a multidisciplinary group of 29 experts (14
females) from nine different countries (i.e., Portugal, Greece,
United Kingdom, The Netherlands, Luxembourg, Belgium,
Israel, Germany, Latvia), including partners from industry,
research, healthcare, and technology sectors within the iPRO-
LEPSIS project. The participants were aged between 22-65
years old and were organized into different teams, namely:
Team 1 comprising HCPs (n=6), Team 2 represented Patients
(n=4, patient research partners), Team 3 composed of Re-
searchers (n=4), and Team 4 consisting of Technical experts
(n=11), in order to ensure a comprehensive exchange of
perspectives and expertise. As part of the design team, the
session was guided by an expert in the design and development
of serious games, accompanied by one facilitator and two
observers. The session was designed with a structured flow
including four main phases, namely: Introduction and goal
setting (phase 1): this phase involved outlining the session’s
purpose, welcoming patient research partners, introducing
facilitators and observers, and presenting an overview of
the primary goal of designing the iPROLEPSIS AI-PGS,
along with “The Kite” Breathing game prototype (Fig. 3);
Explanation of 4Ls method (phase 2): participants received
a concise overview of the 4Ls framework - Liked, Learned,
Lacked, and Longed for - emphasizing its application to the
Breathing game prototype. In addition, instructions were given
to clarify that each activity would take approximately 10
minutes, with the necessary materials provided (e.g., paper,
pen); 4Ls Activity (phase 3): participants engaged in four
activities: Liked, reflecting on positive aspects of the Breath-
ing Game Prototype; Learned, discussing insights gained;
Lacked, identifying areas for improvement and deficiencies;
and Longed for, expressing desires for future enhancements
and participating in brainstorming sessions for potential im-
provements in user experience and therapeutic/clinical ben-
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Figure 3. The user interface of the game prototype, including (a) the main
menu of the app, (b) the main menu for Breathing Games category, (c) the
menu for “The Kite” Breathing Game, (d) the video tutorial demonstrating
breathing patterns (e.g., 2-2-3), and (e) the in-Game scene.

efits; and Sharing and discussing (phase 4): representatives
from each team, including clinicians, patients, researchers,
and developers, presented their perspectives, followed by open
discussions and encouraging brainstorming sessions among
participants. The entire co-creation session was 90 minutes
long. The approach to participant selection for the session
was characterized by purposive sampling, a deliberate strat-
egy aimed at carefully selecting individuals with pertinent
experiences and viewpoints. It is worth highlighting that
session attendance was entirely voluntary, with participants
choosing to engage without any form of compensation for
their valuable contributions and insights. After the co-creation
session, an online questionnaire was shared via Google Forms!
to evaluate participant satisfaction and gather valuable insights
for enhancing future sessions. We received responses from
14 participants who anonymously shared their feedback. The
questionnaire comprised five questions, including two closed
and three open-ended questions.

IV. RESULTS & DISCUSSION
A. 4Ls Analysis Insights

Overall, the results of the 4Ls analysis provided valuable
insights considering the participants’ perceptions/preferences
regarding “The Kite” breathing game prototype (Fig. 4).

Liked. In terms of positive feedback, some participants
(Patients, HCPs) highly appreciated the clarity of game in-
structions and the simplicity of gameplay. HCPs and Re-
searchers noted that the graphics and feedback mechanisms in
the breathing game were engaging and had a positive impact.
Moreover, Patients appreciated the visually appealing aspects
of the game, highlighting its engaging nature. Additionally,
Technical experts recognized the calibration of the game as
essential to accurately capture the user’s breathing patterns,
along with the importance of integrating the smartwatch.
The selection of appropriate interaction technology for SGs
depends on both the game itself and the target audience,
considering users’ specific needs and the game’s objectives
[28]. In the context of Breathing Games, is intended to use
continuous real-time heart rate monitoring and stress levels
data obtained from the smartwatch to identify Respiratory

Uhttps://forms.gle/H4mTzgSDaBXMxFwz5

Sinus Arrhythmia and heart rate variability, synchronizing with
respiration patterns during gameplay.

Lacked. Participants also identified areas needing improve-
ment. Patients suggested enhancing the relaxation mecha-
nism through different kite movements, and Technical experts
proposed a more straightforward tutorial and personalized
options to improve the overall user experience. Concerns about
confusing on-screen elements were also raised, indicating
a desire for cleaner backgrounds and clearer indications of
game progression (Patients, Technical experts). Continuous
feedback on progress is crucial in the SGs as the players work
to achieve the characterizing goal [29]. Furthermore, game
statistics provide insight into the player’s progress post-game,
especially in health-oriented games [30]. In this line, we are
currently developing feedback bars into the game interface
to provide patients with real-time feedback on their current
position within the breathing cycle.

Learned. All participants recognized the potential stress-
reduction benefits of breathing exercises from the lessons
learned. Technical experts underlined the potential impact of
breathing exercises on health status and the immune system.
Researchers emphasized the insights gained from combining
relaxation with enjoyment and the impact of visual and audio
stimuli on the effectiveness of the exercise. The effectiveness
of a SG relies on providing players with multimodal feedback
(e.g., visual, audio, haptic feedback), enabling them to evaluate
their advancement and improve performance [31]. Following
these perspectives, we are exploring the inclusion of audio
cues in the game to complement visual feedback, enhancing
immersion and supporting player focus during gameplay.

Longed For. The longed-for aspects highlighted participants’
desires for a deeper understanding of the game’s scientific
basis (HCPs), a hands-free version (Technical experts), mo-
tivational features and rewards (Researchers), autonomy in
selecting breathing patterns (Patients), and personalized game
elements (Patients, Technical experts). High-quality SGs need
to achieve an optimal balance between the serious and game
elements, ensuring it is entertaining while also fulfilling its
characterizing goal [28]. In this line, a breathing-based Serious
NeuroGame has been proposed targeting entertainment and
breathing control to achieve the characterizing goal of reduced
anxiety [32]. In this way, we are also exploring opportunities
to incorporate scientific information into the breathing game.
This will offer patients insights into the therapeutic benefits
of breathing exercises, including their effects on inflammation
and overall well-being (serious aspect). Simultaneously, we
aim to improve graphics, refine concept art, and enhance
aesthetics to enrich the gaming experience (game aspect).
Improvements in both components, serious and game-related,
will thus contribute to ensure an appropriate balance.

B. Co-creation evaluation

The responses collected from the online questionnaire, in-
tended to evaluate participants’ overall satisfaction and gather
valuable insights for improving future agile co-creation design
processes, are briefly summarized.



Liked What did the team enjoy?

« Visually appealing and engaging game design (Patients)

« Clear instructions and simplicity of the breathing game (Patients, HCPs)

- Ease of understanding game mechanics (HCPs)

« Excellent graphics and game feedback (HCPs, Researchers)

« The breathing game's intuitiveness and user-friendliness (Researchers)

» Well-managed duration of the breathing pattern (Researchers)

« Integration with smartwatch technology (Technical experts)

« Ability to control the game world through breath (Technical experts)

« Capability for calibration, enhancing the accuracy of the game experience
(Technical experts)

Learned What are the key takeaways?

« Recognizing the stress-reduction benefits of incorporating breathing
exercises into a game (Patients, HCPs, Researchers, Technical experts)

« Investigating if the game can effectively alleviate stress, despite the
potential stress of losing (Patients)

« Understanding how breathing exercises can enhance the immune system
and decrease stress levels (Technical experts)

« Learning techniques for relaxation via breathing exercises (Researchers)

« Insights into the combination of relaxation and enjoyment within the
game (Researchers)

+ Recognizing the impact of visual and audio stimulation (Researchers)

Lacked What did the team lack?

- Suggestions to enhance relaxation through kite movement and
audio/haptic cues (Patients)

» Concerns about on-screen game elements, with an overload of cues
regarding when to hold, inhale, or exhale (Patients)

« Request for practice session before starting the game (Patients)

» Request for clearer game backgrounds to enhance clarity (HCPs)

« Feedback on the scoring system, clearer explanations, indications of
successful/failed breathing patterns (exhale, inhale, hold) (Researchers)

« Simplified tutorial, clearer progress indicators (Technical experts)

« Feedback regarding sound cues (Technical experts)

Longed for What made things difficult?

« Personalized game elements (e.g., kite shape, music, environment) to
tailor the user experience (Patients, Technical experts)

» Autonomy in selecting breathing patterns (Patients)

« Understanding the scientific foundation of the game (HCPs)

« Incorporating the ability to set up game reminders (HCPs)

« A simplified tutorial outlining the game's overarching purpose (HCPs)

« Adding motivating messages or rewards (Researchers)

» Implementing a more positive failure scenario in the game (Researchers)

+ Hands-free versions of the game (Technical experts)

Figure 4. The outcomes of the 4Ls framework - Liked, Learned, Lacked, and Longed for - highlighting its application to “The Kite” Breathing game prototype.

Overall satisfaction. Regarding the closed-ended ques-
tion “How do you feel about this co-creation session?” the
majority of participants had a positive experience; 71 % of
them reported a high level of satisfaction and an additional
21 % expressed satisfaction. It is worth noting that only one
participant had a neutral level of satisfaction with the session,
underscoring the overall positive sentiment among the par-
ticipants. Concerning the question “Would you like to attend
possible future sessions?” the majority of participants (86 %)
expressed their desire to participate in future sessions. This
enthusiastic response underlines the willingness of participants
to continue engaging in co-creation activities.

Things to keep. Concerning the open-ended question “What
did you like most about this co-creation session?”, participants
highlighted various factors to be considered for future co-
creation sessions. These include a focused approach to a singu-
lar game, the effective use of the 4Ls methodology, emphasis
on interactivity, practicality, and engagement for productive
feedback and improvement opportunities. They valued the
quality of game design, especially the concept art, mock ups,
and prototype, along with the session’s educational value and
its ability to improve team spirit, as follows: “I liked the Con-
cept Art of the Games, the mockups and the prototype of the
breathing games (UI, feedback), great work!” (participant6);
“This session was engaging, educating, and increased team
spirit among partners.” (participant9). Constructive feedback
was also appreciated for enabling game progress, and the
involvement of diverse groups. Finally, collaborative team
brainstorming sessions emerged as a beneficial element to
maintain for future sessions, contributing to their success and
participant satisfaction.

Changes to be made. The participants highlighted some
fundamental changes and improvements for future co-creation
sessions (“What you did not like on this co-creation session?”).
These include reconsidering the organization of teams based
on areas of expertise (e.g., technical versus clinicians). Partic-
ipants noted that time constraints were a challenge, with some
feeling that there were too many groups given the allocated
time, as expressed by one of the respondents: “This session
involved too many groups and was too short in duration.”
(participant4). Addressing this issue by optimizing group sizes
or extending the duration could enhance future sessions.

Recommendations and possible improvements. Regard-
ing the open question “Is there anything you want to propose
as a possible improvement?” some recommendations provided
by participants offer valuable insights for improving future
co-creation sessions. The most notable suggestions are based
on time allocation, emphasizing the need for more time to
facilitate in-depth discussions, allowing for better understand-
ing and testing the breathing game. Some participants pro-
posed forming more heterogeneous teams to encourage diverse
perspectives and richer collaboration. Others recommended
showcasing the entire app flow instead of solely focusing on
the game design, despite potential time constraints, as follows:
“Perhaps displaying the entire app flow to participants, not
just the breathing game itself, would help to understand the en-
tire game environment; however, this is constrained by the time
allocated for the task.” (participantll); “The session could
have more time for discussion.” (participant2). Overall, the
key strategies to enhance future co-creation sessions involve
extending session duration, promoting heterogeneous groups,
and providing more comprehensive app demos. Identified



weaknesses and areas for improvement include challenges in
team organization, time constraints on discussions, and the
need for clearer demonstrations of the app’s full functionality
to ensure better understanding among participants. Future
work involves transitioning “The Kite” Breathing SG to full-
scale development using the Unity engine, including the cre-
ation of 3D models for the game scene. We will continuously
integrate stakeholder feedback and refine algorithms for data
collection, and preparing for clinical validation trials within the
next ten months. Comprehensive user testing is also intending
to be conducted to assess usability and effectiveness in real-
world settings. Furthermore, we are exploring opportunities to
integrate advanced technologies, such as artificial intelligence,
to enhance engagement and personalization, thereby improv-
ing the efficacy of the SG in addressing PsA symptoms and
enhancing patients’ overall quality of life.

V. CONCLUSION

Breathing games tailored for PsA patients offer signifi-
cant potential to alleviate stress, inflammation, and associated
symptoms, complementing conventional care methods. This
work presents the agile design process for a personalized
breathing game within the iPROLEPSIS framework. Through
iterative co-design involving stakeholders, the game prototype
was refined to meet the specific needs and preferences of PSA
patients. The agile retrospective, employing the 4Ls technique,
gathered valuable multidisciplinary insights crucial for shap-
ing subsequent iterations. This approach ensures the game
effectively addresses targeted symptoms, maintains clinical
relevance, and enhances the well-being of PsA patients.
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