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Background. More than 295,000 people have been identified with bleeding disorders worldwide, the majority being hemophiliacs (184,560; data from the World
Federation of Hemophilia, 2017). Hemophilia poses a paradox: Physical activity
is recommended for children with hemophilia for the sake of their health and to
promote inclusion, but teachers are reluctant to involve them in sports at school.
School psychologists play a key role in helping patients and their families adapt
and learn to cope with their new reality, and they provide psychosocial support by
helping patients and their families develop strategies to cope with physical, mental,
emotional, and social challenges related to hemophilia.
Objective. The objective of this study is to include children with hemophilia,
and their parents and teachers, in a participatory process to design an innovative
digital tool for modifying mental representations of parents and teachers about the
importance of physical activity and sports at school for hemophiliacs.
Design. The present study is based on a pre-/post-test design where the mental
representation about hemophilia of all individuals concerned (16 children with
hemophilia: mean age = 7.8 years, SD = 1.9; their parents; and their teachers) is collected twice: at the beginning (pre-test) and at the end (post-test) of the process of
collaborative game design.
Results. Even though fathers, mothers, and teachers perceive some sports as
more risky than others (e.g., rugby, soccer, cycling), they modified their opinions
positively about the necessity of physical activity and sports at school for children
with hemophilia. The results showed that the collaborative design of this prototype of an innovative educational tool positively influenced the opinions of fathers,
mothers, and teachers about the role of physical activity and sports at school, for
their children with hemophilia.
Conclusion. Although the choice of physical activity or sport must be individual and must be discussed with the psychologist, parents, teachers, and children, this
hemophilia “team” must discuss the risks and benefits of different sports, taking account of the physical and psychological conditions, because for all these children,
physical activity and exercise have many positive benefits for health and can help
self-esteem, learning, and inclusion in schools.
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Introduction
Hemophilia poses a paradox: Physical activity is recommended for children, but
teachers are reluctant to involve children with hemophilia in sports at school. Because hemophilia (hemophilia A or B) can reduce blood clotting and cause excessive
bleeding, and because many people with hemophilia also have joint problems related to chronic bleeding, teachers are afraid of involving children with hemophilia
in physical activities and sports. But physical activity can help improve movement
for these individuals (Dinet, 2015; Fromme et al., 2007; Gomis et al., 2009), build
muscle strength, and maintain physical fitness (Von Mackensen, 2007), especially
for young children (Van der Net, 2006). Not all sports are suitable for pupils living
with hemophilia, such as those involving collision or physical contact (Heijnen,
Mauser-Bunschoten, & Roosendaal, 2000; Manco-Johnson, 2012), but athletic participation with appropriate supervision and precautions should be encouraged in
children with hemophilia. This can act as a preventative measure, potentially offering health benefits in an increasingly overweight pediatric population (Ross, Goldenberg, Hund, & Manco-Johnson, 2009). Furthermore, early socialization supported by social physical activity is important for children with chronic illnesses,
who may encounter barriers to socialization later on (e.g., missed school, feeling
different). Early social interactions help them develop self-confidence and a sense
of belonging, and learn how to interact with others.
Hemophilia at School
If teachers in primary schools (and sometimes in secondary schools) are not always comfortable educating pupils with bleeding disorders or allowing them to
participate in sports, their reluctance may be related to a lack of knowledge about
hemophilia. Caution and injury prevention are important for people with hemophilia; however, it is important to distinguish between injury prevention and overprotection.
One of the main problems is that these children have difficulties describing
their conditions, the activities they can or cannot practice, and the cause of their
concerns. Physical or functional limitations can make young children with hemophilia feel shy and embarrassed or lead them to be teased by others. It should not be
not necessary for children with hemophilia or their teachers to make a special point
of telling the class about the disease every year, but it is important for children with
hemophilia to be able to explain their bruises or health factors that may cause them
to miss school occasionally. Therefore psychosocial support is an important part
of comprehensive care for people with hemophilia. Beyond the medical condition,
these individuals commonly face a number of psychosocial challenges.
While improving communication about hemophilia within families is important (Gregory et al., 2007), little attention has been paid to communication among
young patients, families, and teachers. Yet several studies with school-aged children
have identified a significant association between the number of bleeding episodes
experienced by children with hemophilia and their academic achievement, in a
cohort of school-aged children (Colegrove & Huntzinger, 1994; Shapiro et al., 2001;
Usner et al., 1998). One of the main reasons is that absenteeism is a significant factor in the academic and social situation of children with hemophilia. In addition
data support the assertion that therapeutic care programs in this population must
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be evaluated, not only in terms of the financial cost, to achieve adequate musculoskeletal outcomes.
The psychological impact of pediatric chronic illness on peer relations and social adjustment in nine school-aged boys with hemophilia was examined by Williams & Chapman (2009) using qualitative interview methods. Three main themes
emerged from the interviews: awareness of difference, efforts to conceal difference,
and efforts to connect with peers and friends. The findings suggest that hemophilia
may be a socially stigmatizing condition for many boys, because it limits gendertypical interactions with same-sex peers.
Socialization is important for many children with chronic illnesses, who may
encounter barriers to socialization (e.g., missing school, feeling different). Social
interactions help them develop self-confidence and a sense of belonging, and learn
how to interact with others. Parents and teachers should be encouraged to take
advantage of early opportunities for socialization, such as playing with peers and
participating in community events for children, and sports and physical activities
at school. Physical exercise and sports constitute a basic premise in the treatment of
hemophilia. A child with hemophilia would benefit from exercise and sports, both
because good muscle tone can decrease the frequency of bleeds, joint problems,
and loss of bone mineral density, and because it can contribute to improving their
quality of life. In other words, physical activity should be encouraged, with attention paid to muscle strengthening, coordination, general fitness, physical functioning, healthy body weight, and self-esteem. The school staff and peers should be
informed that a child has hemophilia, preferably by the parents, and education of
school personnel regarding suitable activities for the child is recommended.

From the Design to the Co-design of Serious Games for Patients
Recent evolution in game design research from a user-centered approach to a collaborative designing is changing the roles of the designer, the researcher, and the
end-user (Sanders & Stappers, 2008), especially when end-users are patients (Sanders, 2006).
Over the past six decades, designers have been moving closer to the future
users of what they design. The developments are well consolidated in industrial
practice and education as the adoption of user-centered designs from an “expert
perspective” in which trained researchers observe and/or interview largely passive
users, whose contribution is to perform tasks as instructed and/or to give their
opinions about product concepts that were generated by others. The user-centered
design approach (“user as subject”) has been primarily a US-driven phenomenon.
Increasingly since the 1970s, people have been given more influence and room for
initiative in roles where they provide expertise and participate in informing, imagining, and conceptualizing activities in the early design phases. The participatory
approach (“user as partner”) has been led by Northern Europeans.
Healthcare professionals often think they have expert knowledge that will
improve care and create value for patients (Bates & Roberts, 2006; Gustavsson
& Andersson, 2017). Nowadays, patients are becoming important resources in
healthcare improvement by contributing with their personal experiences. The
first examples of collaborative treatment with patients in healthcare came from a
head and neck cancer clinic (Bate & Robert, 2006, 2007; Pickles, Hide, & Maher,
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2008). The method was subsequently used elsewhere, such as in emergency health
services (Iedema et al., 2010), breast and lung cancer services (Boyd et al., 2012;
Tsianakas et al., 2012), neonatal care (Gustavsson, 2014), outpatient services for
the elderly (Bowen, Dearden, Wolstenholme, & Cobb, 2011), and mental health
(Larkin, Boden, & Newton, 2015). The results of such collaborative design projects included fast access to reliable health advice, effective treatment delivered by
trusted professionals, involvement in decisions, respect for preferences, clear and
comprehensible information and support for self-care, attention to physical and
environmental needs, and assurance that healthcare professionals draw upon the
experiences of patients and their families in order to truly reflect patient needs and
attitudes (Maher & Baxter, 2009).
While collaborative treatment design has emerged as a useful concept where
stakeholders and end-users have a greater stake in designing the end product, few
accounts exist of the use of the concept in game design for children with chronic
diseases, as Chomutare, Johansen, Hartvigsen, and Arsand (2016) have pointed
out. Several papers have, however, described the different steps in collaborative
game design for children with type 1 diabetes (Beltrand et al., 2017; Chomutare,
Johansen, Hartvigsen, & Arsand, 2016; Godot et al., 2016; Jurdi et al., 2018). In
those instances a game does exist for hemophiliacs (e.g., Hemoquest, conceived by
Matsunaga et al., 2014), it is intended for use in hospitals by staff who supervise
their patients and its role is mainly to give information to children about their illness, the adults involved being the medical staff (i.e., experts).

Main Goals
The impact of digital tools, such as serious games, is generally assessed by analyzing
their use, usability, and acceptability. The originality of our research is to concentrate on the impact of the process of collaborative design on opinions of relevant
stakeholders, and not on the impact of the use itself.
The study presented here describes the development of an educational game
that is aimed at children with hemophilia. The two main objectives of this game
and the process of collaborative design are:
a participatory collaborative design process for an innovative digital tool
about hemophilia;
portance of physical activity and sports at school for hemophiliacs.

Method
This present study is based on a pre-/post-test design, in the sense that mental
representations of hemophilia for all individuals concerned (children, parents, and
teachers) are collected twice: at the beginning (pre-test) and at the end (post-test)
of the collaborative game design process. These two sessions (pre- and post-test)
were four months apart (September 2018, January 2019). Between these two sessions, all the participants were asked to enroll in several focus groups for the collaborative design of a game dedicated to hemophilia at school.
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Participants
Sixteen French families with children with hemophilia (A and B; age range from
6 to 10 years; mean age = 7.8 years, SD = 1.9) were recruited to participate. The 16
teachers of these 16 children also participated in this study as volunteers.
Among the children with hemophilia, 12 children had mild hemophilia — factor VIII or IX level1 (= 6–50%, moderate hemophilia — factor VIII or IX level) and
four children had severe hemophilia — factor VIII or IX level (< 1%). All the participants were distributed among four focus groups, with four participants in each
group (one child, one father and one mother, and one teacher).
Focus Group
Focus group interviews were done each month for five months (from September
2018 to January 2019) with the 16 children with hemophilia, their parents (fathers
and mothers), and their teachers. As Table 1 shows, some children and parents were
sometimes absent for professional or medical reasons. But the engagement of all
the participants was high throughout this study.
Table 1
Presence of the participants (number) during the five sessions dedicated to co-design of the
serious game, for each of the four groups
Sept 2018*

Oct 2018

Nov 2018

Dec 2018

Jan 2019**

Group 1

Children
Fathers
Mothers
Teachers

4
2
4
4

4
4
4
4

3
3
3
4

4
3
4
3

4
4
4
4

Group 2

Children
Fathers
Mothers
Teachers

4
4
4
4

4
4
4
4

2
2
2
3

4
3
4
4

4
2
4
4

Group 3

Children
Fathers
Mothers
Teachers

4
4
4
4

4
4
4
4

2
2
2
3

4
3
4
4

4
2
4
4

Group 4

Children
Fathers
Mothers
Teachers

4
2
3
4

4
2
4
4

2
2
2
3

4
2
4
3

4
4
3
4

Note: * pre-test session; ** post-test session
1

In hemophilia, a blood clotting factor is missing. In hemophilia A, factor VIII is missing, while
in hemophilia B, factor IX is missing. Without these factors, blood will not clot well, and the
individual may bleed easily or may not stop bleeding once it has started.
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Research using focus groups began in the late 1930s and became increasingly
popular from the 1950s in social science, owing particularly to the use of focus
groups in marketing studies in Scandinavia (for a synthesis, see Wilkinson, 1998;
Wilkinson & Kitzinger, 1996). Our focus group interviews aimed to obtain data
from a purposively selected group of individuals rather than from a statistically
representative sample of a broader population. As Stewart and Shamdasani (1990,
p. 102) noted: “The most common purpose of a focus group interview is for an
in-depth exploration of a topic about which little is known”. Focus groups aim,
Kreuger (1994, p. 3) argued, “not to infer but to understand, not to generalize but
to determine the range, not to make statements about the population but to provide
insights into how people perceived a situation”.
In our study, each of the four focus group sessions was video-recorded (Figure 1). Each session was composed of two parts:
the necessity (or non-necessity) to practice sports at school, and whether
they think that it is important that hemophiliacs practice sports at school.
Card sorting is a method traditionally used to help design or evaluate the
information architecture of a website. In a card-sorting session, participants organize topics into categories that make sense to them, and they
may also help us label these groups.
related to relationships between hemophilia and physical activity. There
was always the same moderator for each of the four focus group sessions.
In each of the four groups (Table 1), each participant (children, parents, and
teachers) was asked to complete a Likert-scale questionnaire twice: During the first
focus group (pre-test; September 2018) and the last focus group (post-test; January
2019). The procedure and questionnaire used in the study are described in the following section.

Procedure and Questionnaire
During the first and last sessions of a focus group (September 2018 and January
2019), all participants were asked to give their opinion about two questions: (a) “In
your view, is it important to practice sports at school?” (Yes vs. No); and (b) “In
your view, is it important that hemophiliacs practice sports at school?” (Yes vs. No).
Then, each participant was asked individually to assess eight photos related
to different physical activities. Using a Likert scale, for each of these eight photos
chosen for our study, all participant were asked to indicate their opinion from 1
(“not dangerous for hemophiliacs”) to 7 (“very dangerous for hemophiliacs”). Photos were counterbalanced (i.e., the order of presentation is different) between the
two sessions (pre- and post-test).
The questionnaire used in our study concerning physical activity and sports
at school was specifically created to investigate opinions of individuals about different sports and physical activities. For each of eight photos representing sports
(Figure 1), each participant was asked to indicate his/her opinion from 1 (“not dangerous for hemophiliacs”) to 7 (“very dangerous for hemophiliacs”).

Collaborative Game Design with Children with Hemophilia…

Badminton

Running

Soccer

Basketball

Rugby

165
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Figure 1. Photos used in the study showing physical activities and sports

Results
First, during the pre-test at the beginning of the study (September 2018), for the
question “In your view, is it important to practice sports at school?”, 100% of the
participants responded “Yes”. But, in the same period (pre-test), the distribution of
responses was very different for the question, “In your view, is it important that hemophiliac practice sports at school?” As Table 2 shows, while 100% of the children
responded “Yes”, only 10 fathers (62.5%), 8 mothers (50%), and 7 teachers (43.8%)
responded “Yes” to this question.
Table 2
Sports is important for hemophiliacs: Responses “Yes” given by the participants during the
pre-test and post-test
Sports is important for hemophiliacs

Participant

Pre-test

Post-test

Chi square

p

Child

Yes
%

16
100%

16
100

/

/

Father

Yes
%

10
62.5%

14
87.5

6.48

.06

Mother

Yes
%

8
50%

14
10%

11,6

.003

Teacher

Yes
%

7
43.8%

12
75%

13,2

.002

Total

Yes
%

41
64.1%

53
82.8%

10,7

.005

1.12
(0.91)

2.21
(0.62)

2.23
(1.18)

1.23
(0.89)

2.88
(0.85)

2.25
(0.57)

3.21
(0.89)

2.77
(1.02)

Father

Mother

Teacher

Posttest

Child

Participant

Pretest

Badminton

2.16
(1.34)

2.56
(1.12)

1.94
(0.44)

1.19
(0.83)

Pretest

1.89
(0.56)

2.98
(1.03)

1.91
(0.56)

2.02
(0.79)

Posttest

Running

6.32
(1.18)

5.89
(1.17)

4.81
(1.12)

4.81
(1.22)

Pretest

4.23
(1.17)

4.36
(1.23)

3.86
(1.24)

4.21
(1.36)

Posttest

Rugby

4.76
(0.96)

4.53
(1.23)

1.96
(1.37)

1.63
(1.09)

Pretest

4.13
(1.28)

3.89
(1.17)

1.89
(1.25)

1.03
(0.95)

Posttest

Volley

4.78
(1.37)

5.65
(1.09)

3.31
(0.60)

3.06
(1.44)

Pretest

3.89
(1.11)

4.23
(1.18)

2.11
(0.97)

2.98
(1.13)

Posttest

Soccer

3.34
(0.65)

4.36
(1.44)

2.56
(0.63)

2.38
(0.71)

Pretest

2.57
(0.87)

3.89
(1.17)

1.67
(1.10)

1.78
(0.99)

Posttest

Basket

4.42
(1.53)

6.12
(1.11)

4.56
(0.60)

3.19
(0.40)

Pretest

3.18
(1.22)

4.67
(1.56)

2.56
(0.95)

2.98
(1.11)

Posttest

Cycling

1.89
(0.35)

2.87
(1.08)

2.01
(0.85)

1.19
(0.31)

Pretest

1.78
(0.48)

1.56
(0.93)

1.12
(0.72)

1.21
(0.56)

Posttest

Swim

Table 3
Opinion (Mean and Standard Deviation) from 1 (“not dangerous for children with hemophilia”) to 7 (“very dangerous for children with hemophilia”)
for eight sports at school, for pre and post-test, for all the participants
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Second, during the post-test, the responses of the participants were very different: As shown in Table 2, the number of respondents who answered “Yes” to
the question “In your view, is it important that hemophiliacs practice sports at
school?” has increased significantly. While the increase in fathers saying that
sports is important for hemophiliacs is not statistically significant (p = .06), the
increase is, however, statistically significant for mothers (p = .003) and for teachers
(p = .002).
Third, as Table 3 shows, opinions about the different physical activities and
sports are different among the groups. Multivariate analysis of covariance (MANCOVA) showed that mothers have more negative opinions about sports than children do (F(3–61) = 4.61, p < 001), the difference between the opinions of mothers
and fathers being not significant (F(3–61) = 1.18, p = .34). Moreover, fathers and
mothers have more negative opinions about sports than teachers (respectively,
F(3–61) = 4.03, p < 001 and F(3–61) = 3.65, p < 001).
Four, fathers, mothers, and teachers perceive three sports as more risky than
others: rugby, soccer, and cycling. These three sports particularly involve physical contact with others, possible collisions, and the risk of falling. The two sports
viewed as the least risky are swimming and running, because physical contact with
others is limited and the environment (e.g., water for swimming) is perceived as less
dangerous. But whatever the sport, data obtained in the post-test show that opinions become more positive for all the participants, even if the difference is only statistically significant for soccer (F(3-61) = 5.42, p < .001) and cycling (F(3–61) = 3.67,
p < .001). In other words, fathers, mothers, and teachers modified their opinions
positively about the importance and necessity of physical activity and sports at
school for children with hemophilia.
Five, one of the main results obtained is to show that in order to design, develop
and deploy effective tools for learning (here, a serious game), it is necessary to consider all the stakeholders (here, children, parents, teachers, educators, and researchers). All the participants of our focus groups agreed to create different minigames
in the serious game, each minigame being focused on three specific domain related
to haemophilia: (i) some basic background about haemophilia; (ii) treatments to
improve quality of life for patients; (iii) physical activities with a high and a less
risk for injury. In each minigame, the players had to answer questions correctly if
they landed on certain spaces to win “Factor cards” (a metaphor for clotting “Factor” in the blood of hemophiliacs) that they could keep and use later to get ahead
or protect them from slipping backwards in the game. As many studies based on
serious game show, players learn more about the disease through the game (i.e.,
with a gameplay), which motivates them in an interactive practice. Moreover, five
general design factors were formulated based on the analysis of our focus group
data: (1) anonymity, which has implications for the use of the future serious game,
(2) interactivity, as it facilitates engagement and ensures better uptake of interventions; (3) portability of the technologies, as it ensures privacy and effortless use;
(4) source of the information within the application has to be visible and reliable
to be perceived as trustworthy and (5) comprehensibility, meaning more visually
aided and easily worded information.
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Discussion
At the end of all five sessions of the focus group interviews (January 2019), an architecture for the educational game had been produced. A prototype will be developed for testing for 2020. The prototype, based on verbalizations collected during
all the four focus groups sessions, will be organized with several distinct parts:
is haemophilia?” and “General principles of care”;
second part will be specifically concerned with the serious game. The serious game will provide several activities such as “detection of hazards”. In
this case, different sports and physical activities will be proposed on images
and gamers (e.g., teachers, parents of children) must detect potential hazards in the situation. Some sports will be non-contact sports such as swimming, walking, golf, badminton, archery, cycling, rowing, sailing, and table
tennis while other sports will be high contact and collision sports such as
soccer, hockey, rugby, boxing, and wrestling, as well as high-velocity activities such as motocross racing and skiing. For each of the situation described
in pictures, participants (e.g., teachers, parents or children) will be invited
to click by using the mouse (with the PC version) or their fingers (with the
tactile tablet version) on the physical of social elements that represent potential hazards in the images. A score (i.e., the number of right responses)
and the time response (in seconds) will be computed.
The collaborative design of this prototype of an innovative educational tool
was also a way to positively influence opinions about physical activity and sports
at school for children with hemophilia, and the present paper has concentrated on
opinions of individuals (children, fathers, mothers, and teachers) at the beginning
and end of the process of collaborative design.
The ultimate goal of our work is to empower children affected by hemophilia
and other bleeding disorders to manage their circumstances and challenges autonomously. Because inactivity and overprotection often bring with them issues
such as isolation due to poor social interaction and weight problems due to lack of
exercise, helping children with hemophilia in this respect is important. Our study
shows that to integrate children, their parents, and their teachers in a participatory co-design process for an educational game related to hemophilia can have a
significant and positive impact on their opinions. One of our main objectives was
to assert that a child with hemophilia is a normal child who happens to have a
bleeding disorder.

Conclusion
Physical activity and exercise have many positive benefits for health and can improve self-esteem, learning, and inclusion in schools, and even if such activity holds
particular risks for children with hemophilia, there are also particular benefits for
them, such as strong muscles, good balance, and good posture, which in turn help
protect the joints from bleeding. In the same way, maintaining a healthy weight
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will reduce stress on joints that have already been damaged by bleeding. Physical
activity is almost as important from a psychological point of view, because it has
positive benefits with respect to inclusion, self-esteem, and social relationships between peers.
Parents and teachers may have some apprehensions as the school years begin. Psychosocial support is an important part of comprehensive care for people
dealing with hemophilia (children, parents, teachers). Beyond the medical condition, individuals with hemophilia commonly face a number of psychosocial challenges. School psychologists play a key role in helping new patients and their families adapt and learn to cope with their new reality.
Although the choice of physical activities or sports must be individually assessed and discussed with psychologists, parents, teachers, and the children themselves, the risks and benefits of different sports should be taken into account. Finally, because the main objective of this work is to influence the mental representation
of parents and teachers regarding the importance of physical activity and sports
at school for hemophiliacs, we are convinced that the inclusion of children, their
parents, and their teachers in a participatory co-design process of an innovative
digital tool about hemophilia would be beneficial. In future investigations, the acceptability and the impact of its use should be evaluated.

Limitations
Two main limitations prevent us from generalizing the results obtained. First, because our study is based on a single post-test performed at the end of the process of
collaborative design, further investigation is needed to evaluate its impact over time
(e.g., six months later). Second, further investigation should consider the medical
history of each family, such as previous bleeding episodes. Such episodes can influence the opinions and attitudes of fathers and mothers of a child with hemophilia.
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