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Serious Games (SGs) have the potential to provide clinical care and enhance patients’ quality of life, while incorporating an element of
entertainment. As part of the iPROLEPSIS Horizon Europe project, we introduce two Sensorimotor Art games designed as SGs to assist
Psoriatic Arthritis (PsA) patients in managing their symptoms. These SGs provide a platform for self-expression and pain relief through
engaging in rhythmic puzzle activities. The co-design process for the proposed Sensorimotor Art games followed an agile methodology,
involving 14 experts (including clinicians, researchers, and game developers), to gather feedback on game requirements, storyboards,
and mechanics. From the thematic analysis of the transcribed discussion, four main themes emerged, namely: Clinical value (Theme
1), Motor skills and adaptation (Theme 2), Creative engagement (Theme 3), and Feedback and future directions (Theme 4). Clinical
value underlines the therapeutic benefits of Sensorimotor Art games for pain distraction and emotional well-being. Motor skills and
adaptation focus on hand/finger use and adapting games for older patients. Creative engagement emphasizes fostering creativity, a
positive environment, and goal achievement. Finally, Feedback and future directions highlight the importance of continuous feedback
and occupational therapists’ involvement in coming sessions. The development of Sensorimotor Art games lays the groundwork for
digital interventions to alleviate psychological distress and improve fine motor symptoms in PsA patients. At the same time, these SGs
can also provide insights to healthcare providers and policymakers for developing future digital solutions tailored to PsA patients.

CCS Concepts: • Human-centered computing → User centered design; HCI design and evaluation methods.

Additional Key Words and Phrases: Serious Games, Psoriatic Arthritis, Agile methodology, Game Co-design, Storyboarding, Sensori-
motor Art Games

ACM Reference Format:
Bárbara Ramalho, Marta Vicente, Hugo Escobar, Sandra Gama, José A. Diniz, Vasilis Charisis, Leontios J. Hajileontiadis, and Sofia B.
Dias. 2024. Developing Sensorimotor Art Games for Psoriatic Arthritis using Agile Storyboarding and Game Co-Design Processes.
In Proceedings of 11th International Conference on Software Development and Technologies for Enhancing Accessibility and Fighting

Info-exclusion (DSAI ’24). ACM, New York, NY, USA, 10 pages. https://doi.org/XXXXXXX.XXXXXXX

∗Both authors contributed equally to this research.

Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not
made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components
of this work owned by others than the author(s) must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on
servers or to redistribute to lists, requires prior specific permission and/or a fee. Request permissions from permissions@acm.org.
© 2024 Copyright held by the owner/author(s). Publication rights licensed to ACM.
Manuscript submitted to ACM

1

https://doi.org/XXXXXXX.XXXXXXX


DSAI ’24, November 13–15, 2024, Abu Dhabi, UAE Ramalho et al.

1 INTRODUCTION

Serious games (SGs) are interactive digital applications designed for purposes beyond entertainment [2], combining
enjoyment with skills training, social impact, and health improvement. Common types of SGs include educational
games [35], training simulations [21], and exergames that incorporate physical activities [6, 24, 29, 31]. SGs enhance
healthcare experiences by making them more enjoyable and interactive (game part) while addressing specific health
concerns (serious part) [2]. Moreover, effective SG design requires a rigorous iterative development process [20, 40]
to ensure usability and efficacy. This study introduces a SG co-design process tailored for individuals with Psoriatic
Arthritis (PsA), a chronic autoimmune condition characterized by joint pain, stiffness, and skin inflammation [39]. More
specifically, PsA’s unpredictable flare-ups pose challenges in daily activities, impacting both physical and emotional
well-being [12]. PsA is a degenerative rheumatic disease that severely affects joint mobility and range of motion, and is
also characterised by chronic pain and subsequent psychological distress [15]. Patients with PsA deal with various
symptoms, ranging from physical impairment due to joint erosion, to depression from dealing with the daily debilitation
of the disease and chronic pain. Stress and anxiety are common causes of flare-ups, which can worsen the physical
symptoms of PsA [22] and also cause further emotional deregulation. There has been some research into the use of
digital solutions for PsA management, but most have involved disease tracking through digital applications, without
offering a concrete solution to alleviate symptoms [11]. For instance, the Psorcast project [13] created an app to help
clinicians and patients track the progression of PsA and predict future outcomes, but it still does not provide patients
with an intervention to relieve symptoms. Other studies focus on the physical aspects of the disease, such as using
exercises to practice range of motion in the wrist [3], but fail to address the psychological symptoms which contribute
greatly to patients’ body inflammation.

Despite extensive research on arthritis and rehabilitation methods, there is a gap in SGs specifically designed for
PsA. This study aims to investigate the design process of the proposed Sensorimotor Art games to alleviate PsA
symptoms. In particular, sensorimotor art therapies have shown the potential to combine physical movement with
creative activities to enhance mental and physical well-being [19, 30]. At the same time, these therapies can improve
coordination skills, reduce stress, and provide a creative outlet, benefiting individuals with chronic pain, neurological
disorders, and emotional challenges [23, 32]. Inspired by these approaches, we introduce Sensorimotor Art games as part
of the Horizon Europe iPROLEPSIS project (https://www.iprolepsis.eu). More specifically, by integrating (fine motor)
movements and art, the proposed Sensorimotor Art games can potentially help PsA patients focus on the creative
process, offering relief from pain/discomfort while fostering a sense of accomplishment and joy. Adopting an agile
co-design methodology [37], we present here the design process of the proposed Sensorimotor Art game that integrates
input from healthcare professionals, researchers, and technical experts, enabling us to gather essential guidelines for
the proposed SG design.

This paper is structured as follows: Section 2 presents related work and existing literature. Section 3 describes the
methodology including study context, participants, and data collection. Section 4 presents the results and discussion.
Section 5 concludes the article.

2 RELATEDWORK

As a degenerative rheumatic disease, the symptomatology of PsA is diverse and diminishes patients’ quality of life
through both physical and psychological burden [14, 34]. Integrating this mind-body relationship is critical for effective
interventions [26] with elevated stress levels contributing to increased inflammation in the nervous system [5], while
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low joint mobility results in decreased range of motion and difficulty performing daily activities. Traditionally, stress
management has relied on a combination of approaches, including conventional methods such as yoga and meditation
[17]. While these methods can provide relief, they do not address the full range of emotional challenges faced by people
with PsA. As a result, other alternative therapies have gained attention for their potential to complement traditional
interventions and improve the overall well-being of people with similar conditions. As an example, games have emerged
as a strategy for managing stress and anxiety, with studies highlighting the positive influence of puzzle-based video
games such as Tetris, Angry Birds, and Bejeweled [27]. Puzzle-based games, characterized by short duration and low
cognitive load, have been shown to effectively reduce anxiety through the use of stress-reducing components such as
neutral themes, to avoid triggering negative emotions, and a progressive nature that promotes a sense of accomplishment
[16]. In addition, art therapy offers an alternative solution by providing individuals with a creative avenue to express
their emotions, reduce stress, and promote a sense of empowerment and self-discovery [1]. The authors demonstrated the
connection between art therapy and stress-relieving mobile games through "Color Me," a puzzle game featuring six key
mechanics (i.e., dissociative game themes, progressive challenges, game interactions, relaxing ambiance, self-regulating
game pace, and meditative game environments), designed to create a relaxing and meditative digital environment [1]. Du
et al. [8] also highlighted the importance of digital art therapy in psychotherapy and identified a gap in research when
it comes to applying findings from traditional art therapy to digital environments. To bridge this gap, they collaborated
with five professional art therapists and conducted extensive research to understand how digital experiences could
be less distressing for users. Their findings revealed that the key needs of participants were to cultivate emotional
resilience and to reduce and resolve conflict and distress. In response to these needs, they developed ’DeepThink’,
an AI-infused art tool designed to lower the threshold for art-making and facilitate self-expression for participants
[8]. In addition to addressing the psychological dimension, research on PsA emphasizes the importance of managing
joint stiffness through specific movements to enhance fine motor skills [9]. Studies recommend a range of exercises
tailored to target these specific areas, including pinch in-out movements, wrist rotations, and finger sliding exercises
[10]. These exercises are designed to improve joint flexibility, reduce stiffness, and enhance overall dexterity, thereby
mitigating the impact of PsA on patients’ daily functioning and quality of life. While not the primary focus of the
proposed Sensorimotor Art games, integrating fine motor movements (e.g., finger pinching) through interactive actions
on a digital touchscreen while playing the games can potentially help individuals with PsA to maintain/improve finger
dexterity, strength, control, and overall mobility.

To the best of our knowledge, no SG has been specifically designed to address the multifaceted needs of people with
PsA, particularly the connection between psychological health and self-expression. In this context, two Sensorimotor
Art games are introduced here for the first time, designed to promote relaxation, distract from pain, encourage creative
self-expression, evoke positive emotions, and potentially enhance the quality of life for PsA patients.

3 METHODOLOGY

3.1 Study context

This study is part of the iPROLEPSIS Horizon Europe research project, which aims to explore the transition from
health to PsA through multi-source data analysis, leading to a novel personalized digital care ecosystem. Within the
iPROLEPSIS framework, the project aims to design, develop, and validate innovative digital biomarkers for assessing
and intervening in PsA using an AI-Personalized Game Suite (AI-PGS). The AI-PGS is being collaboratively developed
with key stakeholders and has a multi-targeted approach to addressing PsA symptoms. It offers intervention activities
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Fig. 1. Co-design session involving PsA patients during the ideation process of the games using Crazy8s methodology. The initial
sketch of the Sensorimotor Art game category is marked with dashed blue square.

Fig. 2. Left six blocks: Screenshot of the storyboard for the Sensorimotor Art game “Illusion Doodle”, featuring players creating
complex patterns by repeatedly using pinch in/out touchscreen movements. Right six blocks: Screenshot of the storyboard for the
Sensorimotor Art game "One Art," where players collaboratively create mosaics by using dragging touchscreen movements based on
prompts from previous players. Both storyboards also include displays of smartwatch connection, intended to measure real-time
stress levels before and after gameplay.

to improve breathing, mobility, stiffness, balance, coordination, fitness, diet, and mood. The AI-PGS adopts a holistic
approach to managing stress, anxiety, fatigue, and pain through various categories of SGs, including Sensorimotor Art
Games, Exercise Games, Dietary Games, Emotional Games, No Pain Games, and Breathing Games. The present study’s
focus on Sensorimotor Art Games highlights the importance of engaging patients in creative and therapeutic activities
that integrate sensorimotor processes with artistic expression to reduce inflammation and manage the discomfort
associated with PsA symptoms.
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Table 1. Game Design Document including structural characteristics of the proposed Sensorimotor Art games

Title Game Concept Game Mechanisms Visual Design Clinical Value

Illusion
Doodle

The player has a digital canvas with
sections drawn in. His/her first ac-
tion is to select one section to zoom
in andwork on. After that, a starting
and a finishing point appears and
the player must draw a line uniting
them by using dragging movement.
This continues until the section is
complete. Afterwards, the player re-
turns to the full canvas and chooses
another section, repeating the pro-
cess until the entire complex pat-
tern is drawn in.

The player taps in a sec-
tion to zoom it and drags
fingers to draw lines. The
game ends when the can-
vas is entirely drawn in.

Minimalist design. Black
and white color theme.
Patterns reminiscent of
oriental-themed vector
graphics.

Providing creative
output that can
distract from pain
and discomfort,
while also improving
and/or maintaining
fine motor skills
via pinch in/out
touchscreen move-
ments, potentially
reducing stiffness
and enhancing finger
dexterity, strength,
and control.

One Art

The player is given a square to draw
in, adjacent to the edge of the pre-
vious players painted square. The
player completes their square, us-
ing the previous players design as
an inspiration. This pattern repeats
itself, with the next player always
having access to edges of the art the
previous one. At the end, the whole
canvas is revealed to all users.

The player taps on the
touchscreen to pick the
color, and drags their fin-
gers along the screen to
draw. The player is given
a sneak peek of someone
else’s drawing and his/her
drawing will be shared as
well, but it never requires
synchronous interaction.

The whole colour spec-
trum is available and at
user’s choice. Patterns
and visual elements are
also entirely up to the
player’s imagination.

Offering creative and
collaborative engage-
ment to distract from
pain and discomfort,
while supporting
fine motor skills
through dragging
touchscreen move-
ments, potentially
enhancing finger
dexterity, strength,
and control.

3.2 Sensorimotor Art games agile design process

The design process of the proposed games followed an Agile approach [37], which prioritizes early feedback to iteratively
refine game ideas and prototypes. Initially, the Crazy-8s ideation methodology [18] was adopted, where stakeholders
(including patients, clinicians, researchers, and technicians) quickly sketched ideas for different game categories of
the AI-PGS, including the Sensorimotor Art games category (Figure 1). From this perspective, initial game ideas were
brainstormed and discussed to identify the requirements and expectations of various stakeholders. This session also
led to the creation of a Game Design Document (GDD), which outlines several important aspects of the proposed
Sensorimotor Art games, such as the game concept, game mechanics, design, controls, and clinical value (see Table
1). Subsequent agile sessions involved healthcare professionals, researchers, and technical experts as co-creators and
co-designers (see Section 3.3), using the storyboard technique [4], to discuss the proposed Sensorimotor Art games (see
Figure 2).

3.3 Study Participants and Data collection

The participants were selected through purposive sampling, by intentionally inviting individuals of relevant knowledge-
field to participate. The involvement of researchers and clinical/technical experts from the iPROLEPSIS Consortium
brought relevant multidisciplinary perspectives and expertise enriching the discussions. The participation in the session
was entirely voluntary, and participants were not offered any compensation for their involvement. Participants provided
verbal informed consent before participating in the study. The co-creation session took place on October 2023 and was
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Table 2. Demographic characteristics of the study participants

Profile
Participants

(n)
Age (yrs)

(mean ± std)
Sex

(n of females)
Years of experience

(mean ± std)
Tech literacy

(n of participants)

Rheumatologist 6 36.3 ± 7.2 6 10.1 ± 7.0
Basic=4

Intermediate=2
Advanced= 0

Technical Experts 4 44.8 ± 7.9 0 15.6 ± 4.3
Basic=0

Intermediate=0
Advanced= 4

Researchers 4 28.5 ± 7.0 3 4.75 ± 4.9
Basic=0

Intermediate=0
Advanced= 4

conducted online, using the Microsoft Teams platform. The session had a group size of 14 experts (from three different
countries, i.e., UK, Greece, and Portugal), including partners from research (n=4), healthcare (n=6) and technology
(n=4) sectors within the iPROLEPSIS Consortium (see Table 2). Audio recordings were made during the session, which
were later transcribed to verbatim and pseudo-anonymized to preserve confidentiality. The online setting ensured
that all participants could actively engage in the discussions. The session was guided by a female researcher with
expertise in qualitative research (last author SD), primarily posing questions and encouraging group discussions to
elicit participants’ opinions and experiences. Transcriptions were pseudonymized to maintain anonymity. To enhance
the participants’ comprehension of the session topics, relevant storyboards related with each Sensorimotor Art game
were presented (see Figure 2). The session followed a script with main questions designed to explore the opinions of
participants regarding the design of the proposed Sensorimotor Art games. A dedicated time frame of 90 minutes was
allocated for this session, allowing for in-depth discussions and exploration of main topics.

3.4 Proposed Sensorimotor Art games

Two different Sensorimotor Art games were designed, i.e., the "Illusion Doodle" and the "One Art" games, both sharing
a similar genre that follows a puzzle game logic. At the beginning of each Sensorimotor Art game, the option of
a smartwatch connection is displayed on the screen to measure real-time stress levels before and after each play
session (see Figure 2). In the “Illusion Doodle" Sensorimotor Art game, the player/patient has a digital canvas on the
smartphone’s screen, divided into different sections from which the PsA patient selects one to start with. Once the game
starts, two dots appear, and the player/patient promptly connects them, drawing a line on the canvas. This process
repeats consecutively until the entire section is finished. As the player/patient progresses and closes all the sections, a
complex pattern gradually emerges, providing a sense of satisfaction and beauty upon completion (see Figure 2-Left). In
the “One Art" Sensorimotor Art, the player/patient is invited to paint a square canvas, adjacent to the edge of a previous
players’ square. The objective is for players/patients to engage their creativity in creating a painting, starting with a
small section of another player’s drawing as a cue. After completing their square, the process repeats, allowing the
next player/patient to access the edges of the previous player’s artwork. In the end, the whole canvas is revealed to
the players/patients, showcasing how each drawing influenced the next and how the entire painting fits together (see
Figure 2-Right). Designed for both iOS and Android operating systems, the Sensorimotor Art games do not include a
scoring system; instead, game progression is based on the collection and sharing of completed artworks. The proposed
games present similar interaction controls, with players/patients using a touchscreen to draw on the digital canvas.
Both games incorporate physiological feedback (i.e., before and after the session, the player’s stress level is measured by
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the smartwatch and shown to the player). In general, the audio design consists of simple and relaxing background music.
Both Sensorimotor Art games provide a psychologically soothing experience by offering continuous and methodical
tasks that establish a relaxing rhythm. Simultaneously, players/patients are encouraged to express their creativity
through visually satisfying artwork. Furthermore, these games encourage the practice of fine motor skills (such as
finger sliding, dragging, pinching in/out, and zooming), which are crucial for individuals with PsA who may encounter
joint stiffness and limited (finger/hand) mobility.

4 RESULTS AND DISCUSSION

The co-creation session included six healthcare professionals, four technical experts, three observers and one facilitator
(14 participants in total, see Table 2). The mean age of Rheumatologists was 36.3 ± 7.2 years. All were females with over
ten years of experience, and the majority had a basic level of technology literacy. The mean age of the technical experts
was 44.8 ± 7.9 years. All were males with over 15 years of experience, and all possessed advanced-level technology
literacy. The mean age of researchers was 28.5 ± 7.0 years, including three females, with over four years of experience,
and all possessed advanced-level technology literacy (see Table 2).

Four main themes emerged from the thematic analysis, namely: Clinical value (Theme 1), Motor skills and adaptation
(Theme 2), Creative engagement (Theme 3), and Feedback and future directions (Theme 4). Various subthemes were
derived from the main themes identified in the session to explore the discussions further. The level of agreement
between the two researchers (first and last authors) in identifying these subthemes was assessed using the Kappa
statistic. The obtained score of 0.92 indicates an almost perfect agreement between the two researchers. At the points
of doubt, a discussion between the researchers resulted in a reworked text, arriving at a 100% final agreement across all
subthemes. Overall, the co-creation session highlighted several key findings. Clinical value, with subthemes of pain
distraction and emotional well-being, underlined the therapeutic benefits of the Sensorimotor Art games. Motor skills
and adaptation focused on using hands and the need for game adaptations for older patients. Creative engagement
emphasized promoting creativity, fostering a positive environment, and providing a sense of achievement. Lastly,
feedback and future directions highlighted the importance of continuous feedback, involving specialists such as
occupational therapists, and planning future development meetings. The main findings for each identified theme are
briefly presented.

Clinical Value (Theme 1). The discussion frequently highlighted the importance of the games’ clinical value. A
significant focus was on using the Sensorimotor Art games for pain distraction and promoting emotional well-being.
For instance, “We want to understand from the clinical value if this game can be used for pain distraction; the idea behind

is to promote the emotional well-being during the game and to create a positive environment” (Researcher #1). In fact,
some studies have already successfully explored the use of mobile apps and games for pain distraction, suggesting
significant potential for these digital solutions to improve patients’ emotional health [36, 38].

Motor Skills and Adaptation (Theme 2). A recurring topic during the session was related with the physical inter-
action required by the Sensorimotor Art games, particularly concerning fine motor skills and the use of hands/fingers,
such as the pinching movement. There was also an emphasis on the need to adapt the proposed games for different
patient profiles. For example, one Rheumatologist mentioned: “Some patients are dependent on very small motricity of

the hands...especially older patients even if they don’t have active psoriatic arthritis, they may have osteoarthritis and this

might be a little bit difficult for them. So we might have to adapt the games to the profile.” (Rheumatologist #4). In addition,
one technical expert added,“The patients have to play the game, then we analyze their scores and use an AI algorithm

to determine the best level of difficulty for the patient.” (Technical expert #1). This is in line with other research that
7
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has explored game adaptations to patient profiles in various contexts [28], from physical personalization to emotion-
adapting neurogames that change according to the player’s emotions [7]. Such adaptations would allow the games to
adjust to individual patient profiles, increasing their effectiveness through personalization of the movements required
during interaction with the interface. This idea could be further supported by the data collected from the smartwatch,
potentially turning the proposed personalized games into multimodal digital biomarkers for health monitoring.

Creative Engagement (Theme 3). The Sensorimotor Art games aim to enhance creative skills and provide a
positive and engaging environment for the patients. One of the positive aspects highlighted by the participants was
the sensibility and beauty of the Sensorimotor Art games, potentially triggering positive emotions. One participant
underlined: “I think the creative aspects of these games are very good and there is a sense... of achievement at the end and

you’re looking at something beautiful” (Rheumatologist #4). The mention of the sense of accomplishment indicates
that the Sensorimotor Art games can eventually sustain player engagement over time, making them less likely to be
perceived as uninteresting or boring [25], encouraging the sustainability of the clinical intervention. The positive effect
of adopting a calming aesthetic is also highlighted in other studies that link visual stimuli to emotional responses [1].

Feedback and Future Directions (Theme 4). The importance of feedback from occupational therapists and the
involvement of a broader range of healthcare professionals was also discussed, as one Rheumatologist noted, “this
maybe is not our usual kind of focus clinically and whether it’s worthless also asking some occupational therapists or

somebody else to be involved to have some additional representation to get their input as well.” (Rheumatologist #2). This
emphasizes the need to engage with a multidisciplinary team with a wide range of expertise. In particular, occupational
therapists can offer insights into the impact of game mechanics on joint health and disease progression, ensuring that
the games support rather than hinder physical rehabilitation [33].

The main findings described here will inform the next steps in the iPROLEPSIS project’s game design process. Overall,
the collected feedback from researchers and clinical/technical experts revealed several concerns and suggestions
regarding the proposed Sensorimotor Art games. To address these issues and improve the Sensorimotor Art games, the
following actions will be implemented:

• Including Patients in Co-Design Sessions: Although the initial ideation process during the first co-creation
session (Figure 1) included patients, the results of the session presented here involved only clinical and technical
experts. In future sessions, it is our intention to include patients as their feedback is crucial to the development
of the games, ensuring they meet user preferences and needs, as well as maintaining clinical relevance.

• Validating Clinical Relevance: The Sensorimotor Art games will need to undergo implementation and rigorous
testing to understand their impact on patient well-being. Future metrics for user research testing include data
collection from smartwatches (stress levels), game interactions, and patient reports.

• Identifying Digital Biomarker Opportunities: From the data collected by the games, smartwatch biosignals,
and touchscreen interactions, it would be valuable to identify patterns that could be translated into biomarkers
of patient health. For example, we could attempt to find patterns in the player’s stress levels and cardiac rhythms
and provide patient alerts and health status updates.

• Maintaining Aesthetic Balance: The Sensorimotor Art games have been very well received for their aesthetics.
Considering the importance of design in user experience and emotion regulation, we aim to continuously refine
this aspect of the games.

• Combining Entertainment with Clinical Relevance: In addition to serving as clinical tools, the goal is for
the proposed Sensorimotor Art games to be fun and engaging for PsA patients. To achieve this, we focus on
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balancing these two aspects, ensuring that the games not only provide pain relief to patients (serious part) but
are also enjoyable and intuitive to play (game part).

5 CONCLUSION

Sensorimotor Art games show potential for enhancing the well-being of individuals with PsA by promoting creative
engagement and serving as a distraction from pain and discomfort. This study introduces two Sensorimotor Art
serious games developed using agile methodology and co-design principles, with the involvement of researchers and
clinical/technical experts. The research explores the co-creation process, presenting initial results through storyboards
and game visualizations. Future steps involve collecting more patient feedback and conducting real-world user testing
to assess feasibility, acceptability, and user satisfaction.
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