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Abstract

The hospital is an environment that may induce both anxiety and pain in hospitalized children and their
families. The use of games and distraction offers a solution to better manage anxiety and pain. The objective
of the present paper is to introduce “A Friend for Life,” a multi-platform game based on the creation of
customized avatars to help children hospitalized in the hematology-oncology unit cope with their everyday
pain and anxiety. This smartphone and virtual reality application uses the IKEA Effect and transmedia
storytelling to improve child engagement in the game.

This game was developed as part of AVATAR, a research project that combines collaborative action
research with co-design. The project is led by our multidisciplinary team, including a former patient and his
parent.

In this paper, we introduce our serious game, “A Friend for Life”, and the collaborative development method
that was used in the prototyping phase. Additionally, we outline our hypothetical conceptual framework and
its underlying concepts. Finally, we discuss the game's limitations and directions for future research.
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1. Introduction

1.1. Healthcare gamification

Serious games are games that have a serious goal beyond mere entertainment. The incorporation of game-
like elements and characteristics into serious procedures with the aim to create motivation, engagement,
and/or a desire to change behavior is commonly referred to as, “gamification” (Deterding et al., 2011,
Johnson et al., 2016). Unlike serious games, gamification is not always a game and can take on many forms.
Our focus of study is the use of video games, particularly virtual reality (VR), in healthcare gamification.
Virtual reality is a technology that enables users to interact with a computer-generated, immersive
environment. By using a VR head-mounted display and audio feedback, the player is isolated from the real
world and can interact in the virtual environment. This technology has been gradually integrated into the
healthcare field for a wide range of uses (Tao et al., 2021).

Gamification has numerous applications in the healthcare field. It may be used to educate and raise
awareness among patients, families, and the general public on various health-related topics, such as, health-
practices (Fijacko et al., 2020), sexual education (Haruna et al., 2018), and nutrition (Chow et al., 2020).
Gamification may also serve as a potential tool for professional training, thereby decreasing the associated
training costs and ethical challenges (Ferguson et al., 2015; Nevin et al., 2014; Suncksen et al., 2018). Many
studies have used gamification, particularly serious videogames, and VR as a tool during diverse treatments
(Udara & Alwis, 2019). Virtual reality-based treatments, such as the “In Virtuo” treatment, have shown
potential for individuals with schizophrenia (du Sert et al., 2018), obsessive-compulsive disorder (Laforest
et al.,, 2016), and phobias (Botella et al., 2017; Difede & Hoffman, 2002; Suso-Ribera et al., 2019).
Additionally, VR and video games have shown benefits in rehabilitation (Hoffman et al., 2020), especially
for stroke patients (Nolin et al., 2019).

Virtual reality is also a commonly used tool for therapeutic distraction to manage pain and anxiety. Studies
have examined the feasibility, acceptability, and efficacy of VR during various medical procedures,
including burn wound care and orthopedic bone pins removal in children (Le May et al., 2020, 2021).

1.2. The hospital: A painful and anxiety-inducing environment

Pain is defined as “an unpleasant sensory and emotional experience associated with, or resembling that
associated with, actual or potential tissue damage” (International Association for the Study of Pain, 2020;
Williams & Craig, 2016). Anxiety may increase pain perception, as is seen in patients during the
preoperative period (Alvarez-Garcia & Yaban, 2020; Tola et al., 2021). Stress and anxiety are two related,
yet distinct concepts. Stress is a non-specific response to any event and can be triggered by many agents
(Selye, 1956). In contrast, anxiety has two distinct concepts: state and trait anxiety (Spielberger, 1972). State
anxiety fluctuates in time and intensity and is a response to a stressful situation. On the other hand, trait
anxiety refers to a relatively stable disposition within the individual to judge a wide range of environmental
events as potentially threatening (Mascarenhas & Smith, 2011).

The hospital environment may be anxiety-inducing for young individuals as well as their family. The fear of
treatments, death and/or the separation from loved ones can lead to anxiety, particularly in the case of
children with cancer undergoing painful treatments (Darcy et al., 2014; Dyekjer & Dreyer, 2019; Nazari et
al., 2017). Although hospitals offer distractions such as therapeutic clowns (Lopes-Junior et al., 2020) and
music therapy (Facchini & Ruini, 2021) to help children relax, anxiety and pain may persist. There are few
resources available to help children and their family cope with pain and anxiety (Lazor et al., 2021; Tutelman
et al., 2018). However, Thrane’s (2013) systematic review shows the potential benefits of diverse pain and
anxiety management interventions. Through the review of twelve studies about pain and anxiety
management intervention from 1990 to 2010, Thrane (2013) highlighted the benefit of hypnosis, mind-body
techniques, virtual reality, massage, music, and creative arts therapy. However, studies included in the
review had small sample sizes.
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Lopez-Rodriguez et al. (2020) reviewed the benefits of technologies in managing symptoms of depression,
anxiety, and pain observed in children with cancer. This systematic review included eight studies that used
smartphones, robotics, video games, and virtual reality. Recent technological improvements have led
therapeutic distraction researchers to explore the use of virtual reality, serious gaming, and gamification as
new tools for anxiety and pain management before or during procedures (Khadra et al., 2020; Le May et al.,
2021).

1.3. Social agents in game contexts: Potentiality for serious games

Serious games have the potential to motivate users (Trevifio-Guzman & Pomales-Garcia, 2014), while video
games may be developed to evoke specific emotions in players (Villani et al., 2018). The use of certain
colors or the design of specific atmospheres can generate emotions in players (Geslin et al., 2016; Roohi &
Forouzandeh, 2019). Understanding cognitive psychology and cognitive biases can be a significant asset
when creating video games (Hodent, 2017). Cognitive biases, when applied to video games, allow for a
better understanding of the player and their reactions.

While the virtual environment can emotionally affect the player, the creation of social bonds, even with non-
player characters (NPCs), can also evoke an emotional response and be a source of engagement (Isbister,
2016). Non-player characters are social agents that can play various roles within a video game. They can be
present to guide the player, offer a service or interaction, accompany the player, or even pose an obstacle to
overcome (Rogers et al., 2018). When integrated in VR, these social agents bring a sense of social presence,
that is, the degree to which users feel that they are “together in the virtual world” when they are interacting
with social entities (real-ones or not) (Kyrlitsias & Michael-Grigoriou, 2022).

Social agents with customized avatars and pet simulators have been used in the Pain Buddy project (Fortier
et al., 2016; Hunter et al., 2020) and the virtual pet game created by Chai et al. (2020). These applications
aim to keep children motivated in their treatments and to help them better manage their pain. These studies
(Chai et al., 2020; Fortier et al., 2016; Hunter et al., 2020) have demonstrated promising results in using
avatars for managing pain and anxiety in addition to improving staff/child communication. However, from a
game design perspective, these applications lack a high level of customization as they only allow
customization of a pre-existing character. Furthermore, none of these projects offer the possibility of meeting
and interacting with a virtual friend through VR.

1.4. Objectives

While there have been many studies published on the effectiveness of VR and new technologies in
healthcare, there remains a gap in research on game content and aesthetics for serious games in healthcare. In
addition, there is no research, to our knowledge, on the potential benefits of customizable avatars and multi-
platform applications in a healthcare context. Therefore, the main objectives of the present study are two-
fold: (1) To present the conceptual design of our serious game “A Friend for Life,” designed for hospitalized
children in hemato-oncology based on highly customizable virtual-friend avatars and transmedia storytelling;
(2) To present the key concepts that support our project and the collaborative development method used for
the creation of our serious game.

2. Methods

2.1. Design

An action-research and art-based research design was conducted to develop a multiplatform game, “A Friend
for Life.”. The multidisciplinary research team comprised of a former cancer patient and his parent, and
pediatric hemato-oncology experts, including a child psychologist, a physician, and a nurse. The
involvement of relevant persons that are not necessarily familiar with research is a key characteristic of
action-research. Iterative cycles of prototyping and optimizing were conducted based on qualitative
feedback.
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A design thinking approach was used to prototype the game, punctuated by prototype testing for game
development (Figure 1). Design thinking is a process that works through iterative cycles of modifications
until users are satisfied with the prototype (Hodent, 2017). Then, a co-design approach was used, which
centers users in the game design process, to create characters with each patient participant (Hodent, 2017).
This human-centered design ensures that user needs are met, and that the experience is both positive and
enjoyable (Norman, 2013).

EMPATHIZE
Qualitative data collection:
Fain and anxiety effects
Improvement areas
Logistic and social stakes

USER TESTS IN
HOSPITAL CONTEXT
EMPATHIZE DEFINE
Understanding Defining needs and
cancer patients and logistic stakes CO'DES IGN
hospital context — —
IDEATE
Gam tic
DESIGN e
THINKING
I
TEST WITH
HEALTHY USER
PROTOTYPE
Game development
CHARACTER CONCEPTION
AND INTEGRATION

Figure 1 - Design thinking and co-design process

In the development of our game “A Friend for Life,” children were recruited in user testing to obtain
feedback and to improve the prototype. Although not all members of the research team were experts in
gamification and serious games, they all provided feedback and opinions about logistical stakes and

intervention integration. Once the prototype was ready, a virtual friend was co-designed through a drawing
activity with each child (figure 2).

Figure 2 - Children during character drawing activity
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This development process allowed us to work effectively even with a small development team and to
optimize game content with pertinent feedback from the research team and user testers.

Referring to methodological elements related to art-based, or creation-research, raised ideological debates in
both French and English literature. While English literature employs different terms concerning “art-based
research” allowing to specify the creation field (as research-creation, practice-led research, or others) (Paquin
& Noury, 2018), methodological and epistemological debates persist. Some researchers argue that art
research does not have to follow the same rules and methods as traditional research (Gosselin & Le Coguiec,
2006; Léchot Hirt, 2015). On the other hand, other researchers highlight the difference between scientific
research and creative quests, as well as the lack of epistemology and methodology around research-creation
(Findeli & Coste, 2007; Stévance, 2012; Vial, 2015). They also promote a multidisciplinary framework in
which each research team member brings their own expertise.

2.2. Team members

To ensure that the project would benefit from diverse perspectives, a multidisciplinary team was convened,
consisting of representatives from four key areas: healthcare, child psychology, lived-experience, and new
technologies/videogame design. The team structure and the roles of each member are illustrated in Figure 3.
Patient partners and pediatric hemato-oncology experts were integrated following the GRIPP2 reporting
checklist for patient and public involvement in research (Staniszewska et al., 2017).

.
. Feedback on game content, needs and

Physician Nurse integration in hospital context

Nursing Nursing
researcher A researcher B

HEALTHCARE

Game Design  Immersion experience

Doctoral Student researcher m
Child-oriented content validation .® Designing, prototyping
3

Child psychologist and optimizing

CHILD PSYCHOLOGY Computer Sciences Conception

Researcher strategies researcher
-
Game experience feedback

Logistical and hospital experience
Former cancer Former cancer feedback
patient patient parent

VIDEO GAME DESIGN

LIFE-EXPERIENCE

Figure 3 - AVATAR team composition and members' roles

The healthcare professional group included a nurse, a physician, and two nurse researchers, each bringing a
crucial understanding of the needs and context of healthcare to the project, guiding the selection of the
research methodology. Child psychology expertise was essential in ensuring that the virtual game was
appropriate and engaging for the targeted population. Additionally, a former patient and their parent
provided valuable insights into the logistical and social stakes involved in hospital stays and hemato-
oncology treatments. Finally, experts in new technologies, game design, and creative workflows were
responsible for application development, prototyping, and addressing and handling technical issues.
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By convening a strong and complementary team with expertise from diverse fields, the game content was
optimized for the hospital environment and its associated social and logistical challenges. This is an
innovative approach because it recognizes the importance of aesthetics and game content, which are often
neglected in research and serious game development as Isbister (2016) shares in her book:

“Another risk is placing high hopes on games designed for the public good — as many nonprofits, health
organizations, and social enterprises are doing — without realizing that bad game design can undermine the
most noble of ambition. It’s quite possible to make terrible, dull, and unappealing games for learning or
training or health.”

(Isbister, 2016, p. xvii)

2.3. Smartphone application
The social aspect of the avatar-friend allowed the addition of a diary in the smartphone application which
was recommended by the child life specialist team. In the digital diary the patient confided their feelings to
their virtual friend through voice recordings. As well, children self-reported their anxiety and pain levels,
using the Children Face Scale (McMurtry et al.,, 2011) and a 0-10 numerical rating scale (Breivik et al.,
2008), respectively. The diary helped us better understand cancer patients and monitor their feelings, mood,
anxiety, and pain during hospitalization. Each day and during 2-weeks, the child logged into the smartphone
application, they were prompted to complete their diary by speaking to their virtual friend. The user interface
(UI) chosen was very similar to a texting application. If negative moods persisted for three days, an email
was sent to a designated staff member to check on the child and provide them with proper care as required.

After completing the daily diary, the patient visited their virtual friend’s house (figure 6). From there, they
could take care of their virtual friend’s needs like hunger, hygiene, love, and sleep which were indicated by
gauges. The child could have fun with their virtual friend by fulfilling their needs, such as feeding them their
favorite food, bathing them, brushing their teeth, or even making them dance. The virtual friend’s needs were
frustration-free as they could not suffer or be harmed in any way.

> | )

@ M @ © N VCIESEVKIC] © M @ ©

Figure 1 - Picture of each room

Furthermore, the child earned experience points by taking good care of their friend and could level up to
unlock new types of food and accessories.

The accessories were inside the dresser within the virtual friend’s bedroom (figure 7). Selecting an accessory
would put the item on the character and appear on both the smartphone and VR application.
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Figure 2 - Accessories menu

2.4. Virtual reality application

The VR experience took the player on a magical journey where they could play three games with their
virtual friend by their side. To minimize motion sickness and simplify user interactions, players were
restricted to a small area in the virtual world. However, they could collect flowers all around them in VR that
would become available in the smartphone application.

Each VR game was embedded within a 5 to 8 minutes storyline. The characters made contextual comments
that brought them to life and added to the rewarding and dynamic nature of the experience.

The first game included in the VR application was a “shoot’em all” game wherein the child used a water gun
to shoot bubbles. Once a certain number of bubbles were shot, an animal would spawn among the bubbles. If
the child caught the animal with the water gun, the animal would appear in their aquarium within the
smartphone application (as shown in Figure 8).

Figure 3 - Bubble mini-game and animal rewards examples
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The bubble game is adaptive and offers different difficulty levels based on the player’s performance. The
more the player scores points, the more challenging the game becomes as the bubble spawning rate

increases. Conversely, the level of difficulty decreased with low scores (table 1).

Level Previous score range Bubbles per seconds
1 <500 6

2 500 - 1000 9

3 > 1000 12

Table 1 - Adaptability of the bubble game

The second game was a carnival game where the child was instructed to hit five levels of stacked cans with a
ball. Next to this carnival stand was also a hammer game where the child was instructed to hit a button with a
certain intensity to launch a small rocket.

The last game was a relaxation game based on the pursed lip breathing exercise (Miller, 1954). A systematic
review showed the potential of this exercise in post-surgical pain management for cancer survivor patients
(Wang et al., 2022). Moreover, the pursed lip exercise also significantly decreases dyspnea and anxiety
among patients with acute heart failure in the emergency department (Srimookda et al., 2021). Hence, this
game aimed to help children with cancer manage their anxiety. The goal of the game is to blow on paper
pinwheels to make them turn. At first, the paper mills are red, indicating the player must breathe in. Then,
the paper mills turn green, signaling to the player to breathe out using the pursed lip breathing technique.

The VR headset posed challenges with the relaxation game because the headset could not natively detect
whether the player was blowing due to the sound sensors being restricted to the side of the headset. Initially,
we explored the use of small blowers, but we found they required too much precision on the blowing
direction and target. We needed a system that could be adapted to all, or at least to most of the players. After
considering different options, we decided to use a small fan attached to the headset via an adapted support
(Figure 9). When the player blows on the fan, the noise produced by the spinning fan amplified the noise and
vibrations so it could be detected by the sound sensors and transmitted as an input to the application,
enabling blowing to be used as an interaction in the virtual world.
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Figure 4 - Adapted fan and its use in the virtual reality game on a participant during data collection

2.5. Instruments and materials for the multiplatform

This multiplatform project needed various devices and software. First, a Google Pixel 4 was used as the
smartphone due to its optimal performance and reasonable cost. The use of a smartphone VR rather than a
computer-based VR was primarily to avoid logistical challenges and to easily bring the VR to children
anywhere on the unit.

To connect the smartphone and VR application to a database, an external mobile 5G routers was used to
avoid relying on hospital internet networks, which are often very restricted and provide inconsistent
connection speeds from one hospital block to another. The database was designed to keep track of players’
in-game habits and facilitate the transfer of rewards and accessories from one application to the next (figure
4).

MOBILE VIRTUAL REALITY
APPLICATION 56 ROUTER APPLICATION

£ (I

DATABASE

Figure 5 - Data synchronisation structure

The 3D environment of the game was optimized to reduce polygon counts and to draw calls to ensure a
smooth and consistent frame rate of 60 frames per second (fps). Going below this threshold can cause the
device to lag, slowing down the game and causing cybersickness (e.g. nausea, vomiting, dizziness, etc.) for
the player (Zhang, 2020). Since the game was designed to be played on two portable devices, additional
efforts were put to optimize both environments. This optimization was of top priority during the
development process as the target users are hospitalized children with cancer. It was important for the game
not to exacerbate any side effects of medical treatment.

2.6. Software for developments

The game was developed in Unity engine. Characters and environments were modeled with Autodesk Maya,
Character rigging was accelerated with the use of Advanced Skeleton 5 allowing us to quickly rig humanoid
characters. Blendshapes were added to characters to make emotional responses and automatic behaviours
(happiness, sadness, blinking, smiling, etc.). Three-dimensional models were textured in Adobe Substance
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Painter with smart materials made especially for the game to speed up the character modeling workflow.
Most of the 3d environment content was created for the game, except for some packed decorations assets like
flowers and animals bought on the Unity Asset Store. Character animation was made with motion capture
downloaded from Mixamo website or recorded for the game with a Vicon system at the Université du
Québec en Abitibi-Témiscamingue.

3. “A Friend for Life”: a transmedia application for virtual reality and smartphones
featuring unique avatars

3.1. Game aesthetic

The game aesthetic for “A Friend for Life,” was designed after reviewing various child-oriented content. One
of the main challenges was to create a world that would appeal to a wide range of ages from 6 to 17 years
old. To achieve this, the team drew inspiration from popular sources such as Pixar movies and original
Nintendo content, both of which have a broad audience (Black, 2022; T. J., 2016). We also gathered
inspiration from independent games such as, “Last Day of June,” and animation films with unique visual
designs like, “Mitchell’s Vs the Machine,” “Le Petit Prince,” and “Pokemon: Mewtwo Strikes Back —
Evolution.” We also reviewed several popular pet simulation games, meaning applications with more than
5M downloads on the app store, including “Clumsy Ninja,” “My Tamagotchi Forever,” “Pou, My Talking
Tom,” and “Axolochi,” to better understand the user interface and experience of these kinds of games. These
games brought us to focus on simplifying the game mechanics and the importance of character reaction. For
VR, the pet simulation game “Bogo” was our main inspiration as a lot of activities are available in a single
virtual environment where the player does not have to move around. Figure 5 contains pictures that inspired
the game aesthetics.
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Figure 6 - Some videogames inspirations for the game aesthetics

Animal Crossing New Horizon — Nintendo (2020), My Sims Kingdom — Electronics Arts (2007), Yoshi’s
Crafted World — Nintendo (2019), Bogo — Oculus (2019), My Tamagotchi Forever — Bandai Namco
Entertainment Europe (2018), Clumsy Ninja — Natural Motion Games Ltd (2013)

From a 3D modeling perspective, we aimed for a low-poly aesthetic to accommodate the maximum
performance levels of the two devices used in our project. We also wanted a recognizable aesthetic, achieved
through a hand-crafted texturing environment that allows us to create harmony between research workflow
(avatar conception) and visual aesthetic. Our watercolor and clay textures made with procedural conception
software convey an aspect of DIY (Do It Yourself), which aligns with our highly customizable avatars.

To make the environment engaging for children, we opted for a colorful and stylized look, using everyday
objects to furnish the character’s house in the smartphone application. The narrative connection between the
two applications is straightforward: the VR game takes place in the character’s courtyard, while the
smartphone games invite the child to enter the character’s house.

3.2. Game mechanics

From a user interface perspective, the major constraint was the wide age gap of our targeted population (6 to
17 yo). This gap forced us to create simple and logical interactions for the user such that even the younger
children could quickly understand the game mechanics. We focused on creating simple interactions based on
design affordances, allowing children to intuitively understand how to interact with the objects. Design
affordance refers to the action possibilities that are easily inferred by the user based on their perception or
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experience with similar objects or interfaces (Norman, 1988, 2013). For example, by tapping on the bathtub
in the bathroom of the smartphone application, a child would expect to wash their character. After tapping,
the character teleports into the bathtub and can be washed with the soap and rinsed with the shower head by
dragging them over the character. In the VR application, we created an imaginary land, with relaxing sound
effects and music. If the environment has more of a magical feel, interactive objects remain familiar to the
children (a water gun, a pinata stick, flowers, a ball, a hammer) so the affordance remains logical and easy to
understand. Also, classical VR interaction mechanics has been used, as the use of the back trigger to take
objects and the upper-back trigger to shoot with the water gun. These were the only interactions allowed with
VR controllers as we wanted children to have a quick learning curve for VR game mechanics.

3.3. Character preparation

Character creation was the main challenge of this creative project. As it is a time-consuming workflow, we
needed to prepare tools to accelerate the character creation and integration. Character modeling and UV-
unwrap was made with Autodesk Maya. Our modeling process was accelerated by the prior creation of smart
procedural materials that adapt to 3D models. Through a baking process, the software (Adobe Substance 3D
Painter) generates textures that detect the contours of objects. The visuals of these materials are inspired by
classic artistic textures like grainy paper and watercolor paintings, with easily interchangeable colors through
layering. This allowed us to speed up the modeling process and establish a solid artistic direction.
Modifications could then be made by hand on top of these textures. As for the characters, they were dressed
in a gradient texture of modeling clay, a unique visual in the game that highlights them.

One of the challenges of integration was the transfer of animation from one character to another. This
transfer was made possible through the prior creation of a rigging structure that was consistent across all
characters. The body rigging was done using a plugin called Advanced Skeleton, which allows for the rapid
creation of a skeleton and the controllers needed to animate it. Facial animations were created using
predefined blendshapes modeled by hand. Some plugins like Advanced Skeleton6 also allow for the
automatic generation of blendshapes. This automatic generation generally allows for the creation of
numerous blendshapes for each emotion and phoneme, which then need to be adjusted to achieve the desired
shapes. However, in this case, the character only required a limited number of blendshapes (eight).
Therefore, it was faster to create them manually than to use procedural generation. Once the skeleton was
created, it was then possible to apply retargeting to the animations recorded through motion capture.

Then, when the character was ready, it was integrated into the game in the Unity game engine by creating a
new prefab and connecting the scripts responsible for interaction, scenario management, and character
animation.

3.4. Characters

We invited each child to create their own virtual friend through a design process using visual aids such as
color charts, shape sheets, and mood boards. Our animator, Estelle Guingo, worked with each child to create
a character with details that matched the child’s wishes. Children could create their own character by
drawing. The goal was to create a unique character concept for each child based on their interests and
preferences. The only constraint in creating the character was that it had to be bipedal, with two arms and a
mouth to ease the two-day modeling /integration workflow. Children were also free to add a small object in
one hand of the character if they wished, as it did not disrupt the workflow.

Once the virtual friend avatar concept was created with the child, their character was then brought to life
through 3D modeling (Figure 10). We respected all the main shapes to create a friendly character that was
true to the original concept, while also adhering to visual aesthetics. The character was then integrated into
the 3D environment using our character integration checklist to speed up the workflow. Once integration was
complete, the character was ready to meet the child on both smartphone and VR applications. This multi-
platform storytelling approach is called transmedia storytelling.
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Figure 7 - Characters and their 3D versions - From left to right: Cookie, Lapin, Kai, Arianna, Bobross

4. Discussion: Conceptual design and framework

4.1. Creating emotion with game design strategy

Videogames can be a source of vivid emotions and it is up to the game designer to enable players to feel
these emotions through game design strategies (Hemenover & Bowman, 2018; Isbister, 2016). Therefore,
we carefully designed an atmosphere for our VR game that created and optimized emotional responses in
players. We selected colorful environments and wide-open spaces to elicit positive moods such as joy, as
suggested by the circumplex model for color scripting model in video games (Geslin et al., 2016; Roohi &
Forouzandeh, 2019). Additionally, we used stylized characters, as Scott McCloud (1994) suggested that
abstract and stylized characters allow comics viewers to project more of themselves onto the characters
without being distracted by details. Furthermore, other research found that amongAamerican sign language
participants, stylized signing avatars were more appealing than realistic ones (Adamo-Villani et al., 2016).
While Isbister (2016) highlights the capacity of a videogame to create emotions in players through the
relationship with a non-player character, she also emphasizes the potential emotional impact of allowing
players to control their character’s appearance and actions. Hence, we enabled children to customize the
design of their virtual friend in its entirety. We hoped this would evoke emotions and use the cognitive bias
known as the “IKEA Effect.”

4.2. IKEA Effect: Creating a customizable, loving avatar-friend

Our multiplatform game features highly customizable avatars based on child participants’ drawings of their
own avatar-friend. One constraint was imposed to make the 3D integration workflow easier: characters had
to be humanoid, have two arms and two legs, and be standing upright.

With this participative creation workflow, we aimed to tap into a cognitive bias called the IKEA Effect. This
bias is defined by Norton et al. (2012) as the higher valuation of one’s own work. Participants in the study by
Norton et al. (2012) were asked to build an object and to rate it against another similar object. Participants
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often valued their own object more, even if the second one was very similar. A second study with children
aged between 3 and 6 years old concluded that the IKEA Effect is a cognitive bias observable from the age
of 5 years old (Marsh et al., 2018). The IKEA Effect is sometimes associated with a negative connotation in
marketing, because customers tend to over evaluate objects if they participated in their creation, leading them
to overspend (Patyal, 2022). We believe this cognitive bias can be useful in creating interest and engagement
in many activities, such as video games. If the created videogames are used for a serious purpose, such as
healthcare gamification, the IKEA Effect could be a key factor in motivating children through difficult
treatments and medical procedures.

Moreover, Hodent (2017) highlighted the relevance of the IKEA Effect in satisfying players’ need for
autonomy, improving intrinsic motivation and increasing engagement in video games. Therefore, we decided
to offer children the opportunity to customize their therapeutic distraction intervention to call upon this
cognitive bias and try to promote engagement and motivation.

4.3. Transmedia storytelling: From paper to smartphone to VR, the story continues
Transmedia storytelling is a technique used to tell a story through multiple platforms. Each platform adds a
unique dimension to the story (Jenkins, 2017). This approach is often used in marketing and entertainment
strategies to appeal and engage new audiences (Schiller, 2018). A typical example of transmedia storytelling
is the “Star Wars” film franchise. “Star Wars" lore transcends the movies by including comics, books, video
games, and other media, that provide fans with additional storylines and deeper insight into the “Star Wars”
universe (Guynes & Hassler-Forest, 2017). Other movie franchises, like “Lord of the Rings” and “The
Matrix,” have also embraced transmedia storytelling (Brown & Waterhouse-Watson, 2016; Jenkins, 2010).
The main goal of transmedia storytelling is to appeal and engage audiences by encouraging their
participation across multiple platforms. It also introduces possibilities for storytellers to offer more storylines
that are not necessarily first-plan stories, but rather are complementary stories adding more depth to the
franchise. The evolution of new technologies has improved and transformed the way transmedia storytelling
can engage and communicate with their audience (Schiller, 2018). In our case, we aimed to use transmedia
storytelling to create engagement, interest, and motivation in the therapeutic intervention and medical
treatment.

Each device had its own benefits for the project. One of the main characteristics of VR is its ability to
transport the player to a different world through visual and auditory cues. This allows game designers to
create immersive environments, where players can interact with virtual objects and non-player avatars.
Immersion has been a topic of discussion among researchers for years, with some seeing it as a device’s
capacity (Slater et al., 2018), while others view it as a state of mind (Jennett et al., 2008; Murray, 1997;
Tekinbas & Zimmerman, 2003). Calleja (2011) noted that while there is an agreement on the importance of
immersion in the player’s experience, confusion remains over the meaning of “immersion,” and its close
relative, “presence.” To clarify the concept, he divided the definition of immersion into two sub-definitions:
immersion as absorption and immersion as transportation, emphasizing the importance of specifying which
definition is used in a study (Calleja, 2011). For the present study we chose to adopt Jennett’s et al. (2008)
view of immersion as a state of mind and Calleja’s immersion as an absorption state (2011).

In the same vein, Mutterlein (2018) brings a fresh perspective on the immersion/presence debate, which
complements the definition. In his study, he presented immersion as a subjective psychological experience
that is provided by and limited by the capacity of a technological system but must be measured on a
subjective level. This definition links immersion to the capacity of the device, but also acknowledges the
idea of a state of mind and a subjective experience (Miitterlein, 2018). This is similar to Jenett’s definition of
immersion as “the subjective experience of feeling totally involved in and absorbed by the activities
conducted in a place or environment, even when one is physically situated in another.” He differentiates the
concept of presence from immersion, seeing presence as the feeling of being in another place in VR. He also
positively links both concepts to interaction, stating that interactivity positively affects presence and
immersion, and presence positively affects immersion. Finally, he suggests that immersion positively
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influences satisfaction. These concepts are fundamental in using VR as a tool to help manage both pain and
anxiety.

Virtual reality also offers a high-level multisensorial stimulation allowing players to interact with objects and
characters and receive virtual feedback in the virtual environment. These are crucial components of a
player’s experience, contributing to satisfaction and engagement (Hudson et al., 2019). Hudson et al. (2019)
confirmed that Belk’s social concept (Belk, 1988) is applicable in virtual environments. Belk and Hudson
identified three key concepts that support a satisfying virtual experience: things, surroundings, and other
people. The first concept, things, refers to the interaction made possible by VR controllers and an interactive
environment. The second concept, surroundings, relies on the sense of immersion that VR provides. The
third concept, other people, refers to the social interactions that can take place within the game.

Inspired by the third concept, we provided each child with a virtual friend to interact with, empowered by
IKEA Effect (Norton et al., 2012) to enhance the social aspect of our VR experience.

The use of VR comes with benefits, but it also has some drawbacks. One significant issue is the potential for
side effects, such as headaches, nausea, and/or dizziness, commonly referred to as, “cyber sickness”
(Caserman et al., 2021; Zhang, 2020). There is no consensus on the maximum duration of VR gameplay, but
some studies have found high rates of early drop out due to VR side effects. For example, Merhi et al. (2007)
showed that 59% of subjects (10 of 17) stopped playing a VR action game after only an average play time of
14 minutes (Merhi et al., 2007).Moreover, Davis et al. (2015) found that 42% (10 of 24) of participants
stopped playing a rollercoaster game after an average of 5 minutes due to motion sickness, which is most
likely due to the player moving around in the virtual world while their body remained stationary, creating a
sensory (visio-vestibular) conflict (Davis et al., 2015).

To address cybersickness, we created scenarios that lasted between five and eight minutes and disabled the
player’s ability to move around in the virtual world. As this reduced the level of interactivity, we added
many activities accessible from the player’s location. Additionally, we developed a transmedia storytelling
approach that allows the patient to continue the experience on a smartphone application and reduce the
likelihood of side effects. Transmedia storytelling enables the patient to bring their virtual friend anywhere,
even in places that are not VR friendly. Patients could also choose from a variety of different games and
activities depending on their mood.

Furthermore, our transmedia storytelling approach synchronized the two devices and tracked players’ habits
and story details across both applications. For example, players could customize their character’s appearance
in the smartphone application and view those changes when they met their virtual friend in VR. These
possible customizations offered players more autonomy and control over their character, which may increase
their engagement and motivation as Hodent (2017) has argued.

4.4. Gamification strategies to improve children’s engagement and motivation

To enhance gamification, we aimed to improve what Hodent (2017) referred to as, “engage-ability,” which
consists of three key pillars: motivation, emotion, and game flow. Of these pillars, motivation appears to be
at the core, with support from emotion and game flow. Motivation can be divided in two types: intrinsic and
extrinsic.

Intrinsic motivation is driven by the inherent satisfaction of the activity itself (Hodent, 2017). To consider
motivation, we used the Self-Determination Theory, which posits that intrinsic motivation is based on three
needs: autonomy, relatedness, and competence (Ryan & Deci, 2020). Autonomy is all about choices, self-
expression, and free will. As was previously mentioned, we provided autonomy by enabling players to create
their own virtual friend, have access to accessories, play minigames, and through the IKEA Effect cognitive
bias. Relatedness is associated with the possibility of social interaction which we aimed to provide through
our virtual character. Although there are differences in social benefits between real players and non-player
characters (Isbister, 2016), we aimed to create a meaningful social connection with our virtual friend by
letting children create their own friend and watch them cheering them up during VR games. Competence
refers to the ability of controlling the environment, which is achievable in VR when it presents a high level
of interactivity, many control opportunities, and feedback.
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On the other hand, extrinsic motivation is purely related to rewards (Hodent, 2017). In our game design
process, one of the main focuses was developing strategies to improve child engagement and motivation
through transmedia storytelling and minigames. With this in mind, we created games that offered useful
rewards to the player. Additionally, we designed an experience and level system in the application where the
more the player took care of their character, the more they unlocked new foods and accessories.

Although motivation appeared to be the core pillar for game engage-ability (Hodent, 2017), it was supported
by both emotions and game flow. Game flow is a psychological state where the player is entirely focused on
the game, providing them feelings of fulfillment and joy (Isbister, 2016). This state is very similar to
immersion, where players lose track of time and external stakes (Chen, 2007). We believe that optimizing
immersion can lead to a game flow state for players, thereby increasing engage-ability, engagement, and
motivation. Finally, all these concepts combine to form our hypothetical healthcare gamification framework,
which aims to reduce pain and anxiety management.

4.5. Hypothetical healthcare gamification framework

Given the current lack of healthcare gamification frameworks for pain and anxiety management through
transmedia serious games, we developed a hypothetical framework that aims to link all the concepts we have
discussed in the previous section (figure 11). By implementing the game strategies described above, our goal
was to reduce the pain and anxiety that are experienced by children with cancer daily, while also optimizing
healthcare satisfaction.

The first step in our framework was to create an immersive environment that optimized immersion through
interactivity and the sense of presence to bring the player into a state of flow. Our avatar conception allowed
us to use the IKEA Effect cognitive bias to create engagement and motivation, while also allowing the player
to develop a special relationship with their character, evoking emotions. Our prototype was also based on
transmedia storytelling and rewards to create engagement and motivation, thereby increasing patients’ well-
being by reducing pain and anxiety, as well as increasing satisfaction.
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Figure 11 - Healthcare gamification through transmedia intervention hypothetical conceptual framework

4.6 Future research and limitations

Our study is the first to address the use of avatars in multiplatform virtual environments for pain and anxiety
management for hospitalized children in hemato-oncology. However, research remains to be done to support
our conceptual framework, which provides a new perspective on the link between immersion interactivity
and presence. It would also be an opportunity to target areas of improvements on user experience.

On one hand, a preliminary qualitative data collection trial was conducted at the Ste-Justine Hospital
Research Center in Montreal, Canada, during the fall of 2022 and winter of 2023. This trial aimed to gather
user feedback about the applications, while also assessing the impact of our solution on anxiety and pain.
This first cycle of data collection only was conducted with five participants only, hence scalability remains
one of our most important challenges for future research and practical applications. Indeed, as character
creation is a time-consuming process (48 hours), this workflow will have to be modified to adapt our
solution to larger samples. Potential solutions allowing the child to choose premade clothes, accessories, and
avatar shapes should be considered. Another solution could be using automatic coloring book texturing such
that each child may choose an avatar shape and draw patterns on a coloring book to decorate them
(Magnenat et al., 2015). These kinds of solutions would reduce the customization level that was at the center
of the conceptual design. As artificial intelligence is still evolving, we could potentially use artificial
intelligence model to create a 3D model from children’s drawings. This technology remains, at the moment,
not accurate enough to be used in video game development.

On the other hand, future research should focus on conducting experimental studies to validate the
applicability of the Tkea Effect in the virtual world. More specifically, there is a need to investigate if the
effort and engagement involved in avatar creation can induce the Tkea Effect.

5. Conclusion

In the field of healthcare gamification, research often focuses on the efficacy (Xiang et al., 2021) or
acceptability and feasibility (Osmanlliu et al., 2021) of digital interventions, with little attention paid to the
game content itself. However, studying game content is crucial as these games are tools in research projects
and should be evaluated in the same way as measurement scales. For example, if a patient is not immersed
enough or if the content is not age-appropriate, this could explain mixed results or insignificant effects.
Furthermore, integrating content study in qualitative research can help identify areas for improvement to
optimize the efficacy of serious games. This article aimed to provide a content study of the game used in the
AVATAR research project. AVATAR is a research project aiming to study pain and anxiety management
through unique avatar conception for children with cancer. For this purpose, we developed a multiplatform
game: “A Friend for Life.”

“A Friend for Life” is a multiplatform game in smartphone and VR based on unique avatar conception for
each player. This serious game has been developed through both design thinking and a co-design creative
process to help children in hemato-oncology manage their everyday pain and anxiety. Applications have
been optimized to fit performance constraints and stay synchronized through cloud database connection,
which allows transmedia storytelling.

From a game design perspective, optimizing immersion is crucial in increasing player motivation. A high
sense of presence and interactivity are key factors in achieving a state of flow. The game’s conceptual design
also focused on evoking emotions through various game design strategies and creating a strong player-
character relationship to increase engagement. The co-design of the avatar aims to create a sense of
attachment between the child and their character using the IKEA Effect cognitive bias and to engage the
player even further. Motivation strategies such as rewards and transmedia storytelling are used to increase
player engagement and create a desire to continue playing. Immersion optimization and distraction from the
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hospital environment also contribute to the management of pain and anxiety, as well as increase satisfaction
in both the child and their parents.
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