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Featured Application: The findings reported in this manuscript can act as a guideline in
developing and designing videogames and consoles that are enjoyable, accessible, and inclusive
for children with neurological impairments.

Abstract: Game activity is fundamental for children’s cognitive and social development. During
recent years, technology development has led to changes in several areas, including the ludic one.
However, while in the literature, there are plenty of studies that report the importance of
technology-based games in rehabilitation program, little attention has been paid to their role as pure
entertainment. In contrast, the market does not provide videogames that are engaging, accessible,
and inclusive. In this context, a survey was distributed to families who have a child with
neuromotor limitations to investigate how these children deal with play, in particular with
videogames, and what the requirements are for accessible and inclusive videogames.
FightTheStroke distributed the questionnaire to families with a child with neuromotor impairments
in April 2020. Fifty-six families responded to the survey. The answers revealed that children
generally manifest positive feelings when playing with videogames, especially with cooperative
ones, even if they are not fully accessible. The survey also collected user needs and suggestions from
families about the design of videogames for neuromotor-impaired children. Guidelines derived
from the survey are reported for the development of entertaining, inclusive, and accessible
videogames, playable by children with neuromotor disabilities.

Keywords: technology-based games; play; neuromotor disabilities; videogames; cerebral palsy;
accessible videogames; inclusive videogames
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1. Introduction

The 31st Article of the Convention on the Rights of the Child recognizes “the right of
the child to rest and leisure, to engage in play and recreational activities appropriate to
the age of the child” [1]. Indeed, gaming activities teach children to move, imagine, think,
and solve problems, and they have a fundamental role in the child’s cognitive and social
development: through play, the child understands their inner and outer world, stimulates
their abilities, and learns to accept their limits. According to Piaget, play can be classified
into three types: sensorimotor, symbolic, and rule-based [2]. In particular, sensorimotor
play allows children to experience their body in terms of movement; symbolic play has
the function of transferring their experiences and fantasies about themselves, objects, and
others, which is a fundamental experiential dimension in growth; finally, rule play has
the function of releasing children from egocentricity, leading them to structure models of
problem solving (indispensable for personal-social growth and maturation). Therefore,
play bridges the gap between internal and external reality [3], leading the child from
dependence to autonomy, and from the limitless creativity of the 5 year-old child to a
system of constraints and rules, which are a fundamental prerequisite for socialization
and reality understanding [4].

Notwithstanding the central importance of play in a child’s life, little attention is paid
to its value for children with disabilities. Approximately 5.1% of children around the
world are affected by moderate or severe disabilities (e.g., motor, cognitive, vision
disabilities, etc.) [5] and can present different limitations: from a deficit of coordination
functions to complex situations in which movements are almost completely prevented.
Therefore, these patients have specific needs and requirements and relatively few
opportunities to be engaged in independent leisure activities [6].

During recent years, the panorama of available games has grown and been enhanced
thanks to the development of new technologies. Nowadays, school-age children use
computers, tablets, smartphones, and consoles, and the diffusion of videogames on these
devices is growing steadily. As an example, we report a study of 2013 regarding children’s
use of mobile technologies in the United States [7]; here, the authors showed that 72% of
children under 8 years old already use a mobile device for playing, compared to 38% in
2011.

In children with disabilities, technology-based play has an important role both in
ludic and rehabilitative activities. Chantry et al. [8] reported that computer games can
have a positive impact on disabled children. Indeed, they offer new opportunities to
participate in play, facilitate autonomous and independent free play, enhance and
develop children’s propensity for playfulness, and enable social interaction. In addition,
the interactive nature of games leads to constructive and experiential learning
opportunities, promoting patients’ engagement and participation in their rehabilitation
programs [9]. Therefore, videogames specifically developed for a rehabilitative purpose
can be considered an example of application of the gamification principle, which applies
game mechanics to non-game contexts to engage audiences [10].

Serious games are an example of games used in rehabilitation, and they are
computer/video games designed for a primary purpose other than pure entertainment.
Their requirements are defined with the help of physiotherapists and clinicians in order
to achieve specific rehabilitation goals. In particular, these games must respond correctly
to the player’s interactions, proposing challenging but not frustrating scenarios, and
should include monitoring mechanisms to simplify the therapist’s work [11].

Active Videogames (AVGs) are another example of videogames used for a
rehabilitative purpose. AVGs are a specific category of commercial videogames that
combine exercises with technology, promoting an indoor physical activity. Therefore,
even though they are not specifically meant for rehabilitation, they can act as serious
games for therapeutic and rehabilitative uses [12]. In the literature, there are plenty of
studies that report the use of serious AVGs for rehabilitation purposes [9,12-20]. Usually,
these interventions consist of sessions of commercial videogames played with commercial
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consoles such as Microsoft Kinect, Sony PlayStation2 EyeToy, PlayStation Move,
Nintendo Wii, Nintendo Wii Fit, GestureTech IREX, and GestureXtreme [9,12,14-18,20].
However, most of the AVGs have been specifically developed for individuals without
disabilities to motivate them to increase physical activities by proposing fitness-like
exercises [14]. Therefore, they could not be easily accessible in terms of understanding and
playability for children with neuromotor limitations.

To overcome this situation, during recent years, some research groups have
investigated the design principles of videogames to enhance [21,22] or evaluate [23]
engagement during rehabilitation. Lohse et al. [21] identified several key factors in
videogame design to increase motivation and engagement during rehabilitation. These
key factors are:

e  Reward: gameplay is motivated by rewarding experiences, regardless of the type of
rewards, or the conditions that trigger rewards across games or gamers;

o Difficulty/Challenge: to avoid boredom or frustration, players should be kept at the
upper limit of their ability by modulating the challenge and difficulty levels;

e Feedback: to evaluate the effectiveness of the game session, it is helpful to have
feedback for improving motor learning, increasing at the same time the motivation;

e  Choice/Interactivity: the player can interact with the play and choose among different
options (e.g., different mini-games), increasing their connection with the virtual
environment;

e Clear goals: goal-directed tasks lead to a higher chance of acceptance of assistive
devices, and their lack could have a significant negative impact on the motivation of
patients;

e  Socialization: to increase motivation, engagement, and learning, since it allows for
cooperation and competition with a partner who is a valuable source of feedback and
encouragement.

The “socialization” aspect was investigated also by Pereira et al. [23], who evaluated
the impact of competitive, co-active, and collaborative multi-user games on engagement
and social involvement. What they found is that collaborative game modes promote more
social involvement when compared to competitive and co-active modes. In accordance
with Lohse, Lyons concluded that feedback, challenge, and rewards are promising
mechanisms by which exergames could become more enjoyable [22].

In parallel to the identification of a suitable game design, several researchers
developed videogames specifically designed for the rehabilitation of disabled individuals
in order to increase the motivation of the patients or support activity participation
[11,14,24-31]. These games are played on computers [24-26,28-30,32] or different
commercial consoles (i.e., Nintendo Wii—Nintendo, Kyoto, Japan; Xbox 360 —Microsoft,
Redmond, WA, USA; PlayStation—Sony Interactive Entertainment LLC, San Mateo, CA,
USA) [14,29,33-36], in some cases using commercial controllers (i.e., Nintendo Wii Balance
Board, Wii Motion Plus — Nintendo, Kyoto, Japan; Microsoft Kinect — Microsoft,
Redmond, United States; Novint Falcon — Novint Technologies, Albuquerque, United
States; 5DT 5 Ultra Glove — Fifth Dimension Technologies, Navi Mumbeai, India; EyeToy
— Sony Interactive Entertainment LLC, San Mateo, United States) [14,24,28-30,33-36]. On
the other hand, several authors preferred to design ad hoc controllers to simplify the
gaming activity or to train a specific body district. For example, Velasco et al. developed
a sensorized hat to allow the users to control the cursor of the computer with movements
of their heads [11]. Barton et al. designed a system based on a Stewart platform to control
their custom-made computer game [26], while Betker et al. and Szturm et al. used a
pressure mat [37,38]. Green and Wilson used a tabletop virtual reality-based system for
the rehabilitation of children with hemiplegia [27], while Pyk et al. and Wille et al.
designed a computer game controlled by data gloves in different sizes that could provide
haptic feedback [39,40]. Although these rehabilitation interventions that use ad hoc
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videogames differ in terms of technologies applied, they are all highly configurable and
based on relevant clinical activities as performed in conventional rehabilitation.

Despite the positive aspects and usefulness of technology-based therapies,
videogames designed for a rehabilitative purpose are characterized by the repetition of
the actions, and they usually lack a storyline or realistic environments and characters.
Therefore, they are less enjoyable and engaging than the commercial games with an en-
tertainment function.

When referring to people (especially children) with neuromotor limitations, to date,
the market is not able to meet their need for videogames that are engaging but also acces-
sible and inclusive. To fill this gap, we investigated what disabled children need to be
included in an engaging ludic activity with their peers, especially when using technology-
based games, by distributing a survey in April 2020 to families who have children with
neurological impairments.

Therefore, this manuscript aims to report the results of this survey, analyzing how
children with neurological impairments deal with play, with particular attention to tech-
nology-based games. The results of the survey could help to define the requirements of
new accessible and inclusive games with a strong technological component.

2. Materials and Methods
2.1. Survey Design and Distribution

In order to assess how children with neurological impairments (i.e., cerebral palsy
(CP) and acquired brain injuries) interact with technology-based games, a survey was de-
veloped by means of REDCap, a web application that allows the management of online
questionnaires and databases [41].

FightTheStroke, a foundation born in 2014 that supports young stroke survivors, chil-
dren with CP, and their families, recruited families who have children with neurological
impairments. The questionnaire was shared in April 2020 via a Facebook closed-group of
the FightTheStroke foundation that could reach up to 1000 families who have children
with neurological impairments, and parents completed it anonymously to ensure maxi-
mum privacy. The survey was administered to parents and not directly to children, since
it was decided to include children with severe cognitive impairment. This allowed collect-
ing reliable answers, also considering the impossibility of having direct contact with fam-
ilies and of explaining the questions to the children due to the online mode distribution
of the survey forced by the COVID-19 pandemic. When possible, parents were asked to
show their child pictures included in the survey in order to collect children’s opinions as
faithfully as possible.

The questionnaire was co-designed with families with a child with neuromotor im-
pairments, involved by FightTheStroke, together with expert clinicians, engineers, and
designers. Children were not directly involved in the survey design due to the severe cog-
nitive impairment of some of them. However, the involvement of their families allowed
designing a questionnaire suitable for them.

The survey was organized into three sections. The first one regarded child profiling
in terms of pathology, type of damage, functional skills, grasping abilities, and role of
technology and play in their lives; the functional skills and grasping abilities were evalu-
ated by analyzing how children interact with daily life objects (e.g., pencil, tray, mouse,
tennis ball, etc.). The second section collected information on how children play with and
without technology (e.g., what does the child use to play? Does he/she play alone or with
someone? Are the games competitive or cooperative?), with particular attention to the
known/used consoles, the type of preferred videogames, and the feelings experienced
during the game. Finally, the third section was dedicated to identifying the most suitable
game design considering children with neurological impairments as final users: with the
goal of collecting information on preferences, several sketches of possible game environ-
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ments, characters, and control devices were proposed to the families. In addition, this sec-
tion investigated how much parents would be willing to pay for inclusive videogames
and consoles specifically designed for children with neurological impairments.

The survey included both open and closed-ended questions (for details, see the Sup-
plementary Materials). Five-point Likert scales were used in Section 1 with two purposes:

e  toevaluate the importance of the technologies in children with neurological impair-
ments concerning specific activities (1: strongly disagree, 5: strongly agree);

e  toselect the difficulty level (1: no difficulties, 5: high difficulties) in doing some daily
life activities (e.g., handling a pencil, a table tennis bat, etc.) in order to investigate
children’s gross-motor functions and their grasping abilities.

A 5 point Likert scale was also used in Section 2 to evaluate children’s feelings during
playing (both with and without technologies).

The research was approved by the institutional review board of IRCCS Medea as well
as by the institute data protection officer (EU Regulation 2018/1725). Data were collected
in a completely anonymous aggregated form with no personal information being col-
lected.

2.2. Statistical Analysis

Median values were computed for each answer given to questions scored with the 5
point Likert scale. They are reported as median values (IQR), where IQR is the interquar-
tile range (i.e., the difference between the 3rd and the 1st quartiles). A chi-square test was
carried out on the results to verify the equidistribution of data. The Kruskal-Wallis test
was run to establish whether the given answers have the same distribution for the differ-
ent considered groups (i.e., children with different functional skills), while the Wilcoxon
signed-ranks test was used to compare two matched samples (i.e., playing with or without
the technology) and assess whether their population mean ranks differ. The statistical
analysis was performed with MATLAB, and the significance was established at p < 0.05.

3. Results

As reported in the Methods section, the survey was organized into three parts: the
first was dedicated to the children profiling, the second investigated how children play
with and without the technology, and the third was added to identify the most suitable
game design. Results are reported following this structure.

3.1. Section 1: Child Profiling

Fifty-six families from all over Italy and distributed as in Figure 1 responded to the
survey. Parents were 42 years old on average, and the answers they gave referred to their
children, who were 68% males (average age: 7 + 3 years) and 32% females (average age: 6
+ 5 years), as shown in Figure 2.
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Figure 1. Distribution of families that responded to the survey.

M
| | | I | .F
, i I I I I I I 11 1
0 2 3 4 5 6 7 8 9 10 11 12 13

26

w A 0 O N X LV

Number of subjects

=N

Age (Years)

Figure 2. Number of children reached by the survey, divided by age. Blue bars refer to males, while
orange to females.

The survey revealed that 46 children had cerebral palsy (CP), 3 acquired brain injury,
while 7 families did not respond. In addition, 16 of these children also suffered from epi-
lepsy. Among the 46 children with CP, 38 had the spastic form, 4 the dyskinetic one, 2 the
ataxic one, and 2 families did not answer (Figure 3a). Considering the type of CP, 20 had
the left hemiplegia, 16 the right hemiplegia, 4 the diplegia, 4 the tetraplegia, and 2 families
did not respond (Figure 3b).
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Figure 3. Distribution of children reached by the survey who have cerebral palsy. In (a), children are grouped according
to the CP form, while in (b) according to the CP type.

The functional level of the children, measured by the gross motor function classifica-
tion system (GMFCS), was mainly mild/moderate. In particular, 30 children had level I,
11level I, 6 level 11, 3 level IV, 3 level V, and 3 were not classified, as reported in Figure 4.

The cognitive functions of children were, on average, of a moderate level, with 39
children with IQs > 85, 10 with a slight delay (70 <1Qs < 85), and 5 with a severe delay (IQs
<70); three were not classified, since parents did not answer.

5%

11%

54%

mlevell mlevelll = Levellll Level V mlevel V mn.c

Figure 4. Distribution of children reached by the survey according to their GMFCS.

Subsequently, the survey investigated children’s gross-motor functions and their
ability to grasp cylindrical and spherical objects of different sizes in order to evaluate play
accessibility with standard consoles to children with neurological impairments. The sur-
vey revealed that 52% of the subjects use only the right hand during daily actions, 36%
only the left one, while 7% use both hands (three families did not respond, corresponding
to 5%). In addition, 70% of the children are able to use the most impaired upper limb
functionally, allowing implementing bi-manual tasks in which the less functional limb can
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collaborate in the game control supported by the contralateral limb. Only in a minority of
cases is the most impaired limb unusable (12.5%) or an obstacle (5%) for the contralateral
one (seven families did not respond, corresponding to 12.5%). The gross-motor functions
were also evaluated investigating the ability to use specific objects (i.e., tablet, mouse, tray,
and bicycle). The answers revealed that most of the children are able to use all the pro-
posed objects exploiting common trunk compensation strategies (Table 1). Among those
able to use the proposed objects, Table 1 also reports the percentage of who find their use
easy or not, showing that most of the children easily use them.

Table 1. Percentage of children with neurological impairments able to use a tablet, mouse, tray, and bicycle. The percent-
age of those who find these objects easy or difficult to use is also specified.

% of Children Able to Use Specific Objects

Tablet Mouse Tray Bicycle
89% 64% 77% 68%
Only with
. with Difficul- without Com- with Trunk Com- with One  Both the with a
Easily . . . Autonomously
ties pensation pensation Hand Hands at the Help
Same Time
76% 1 22%1 69% 31% 37% 63% 87% 13%

! The percentage sum is not 100% because a family did not answer the question.

Regarding the grasping abilities, parents answered that their child can grasp most of
the objects proposed in the survey (i.e., pencil/marker, table tennis bat, table tennis ball,
tennis ball) with low to medium difficulty (Table 2).

Table 2. Percentage of children with neurological impairments able or not in grasping a pencil/marker, table tennis bat,
table tennis ball, and tennis ball. Without difficulty corresponds to score 1 in the 5-point Likert scale, high difficulty to
score 5, and medium difficulty to scores 2, 3, and 4. The percentage sums are not 100% because not all the parents answered

the questions.

Graspable without = Graspable with Me-  Graspable with High

Tool Graspable Not Graspable Difficulty dium Difficulty Difficulty
Pencil/marker 91% 4% 65% 31% 2%
Table tennis bat 88% 7% 71% 27% 0%
Table tennis ball 93% 2% 69% 29% 0%
Tennis ball 86% 9% 75% 23% 0%

Child profiling also included the investigation of which skills parents would like to
be improved/experimented by their children through the game. With this aim, five cate-
gories were proposed: bi-manual training, precision gripping, balance improvement, gait
improvement, and dynamic coordination development (e.g., jumping, stairs, height dif-
ferences). Parents could select more than one option and add other skills not reported in
the survey. The answers showed that 80% of them would like to practice bi-manual activ-
ities, followed by training precision gripping (71%), improving balance (68%), developing
dynamic coordination (68%), and improving gait (45%). In addition, the answers to the
open-ended questions highlighted the wish to train attention and concentration and to
stimulate problem-solving using alternative enjoyable cognitive exercises.

Finally, since the aim of this manuscript was to analyze how children deal with tech-
nology-based games, the questionnaire evaluated the importance of technologies for chil-
dren with neurological impairments in acquiring motor skills, being entertained, being
included in a group, and strengthening cognitive aspects. Figure 5 analyzes the technol-
ogy relevance for each activity, reporting the median score of the 5 point scale and its IQR.
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Figure 5. Relevance of the technology in acquiring motor skills, entertaining, being included in a
group, and strengthening cognitive aspects. Chi? test: * p <0.05, ** p < 0.0001. Null hypothesis: the
scores referred to the technology relevance regarding the four proposed quality life enhancements
are equidistributed with respect to the 5 point Likert scale.

Parents consider the technologies an important support for improving the level of
life quality, as demonstrated by the median score always being equal to 4. Indeed, results
of the chi-square test (chi? ranging between 11.9 and 41.9, p < 0.05) show that the distribu-
tions in Figure 5 are non-equidistributed in a statistically significant way with respect to
the 5 point Likert scale but have a prevalence of positive scores (=3). In addition, the results
of the Kruskal-Wallis test, which was performed to establish whether the technology rel-
evance has the same distribution for the different considered groups (i.e., children with
different CP form, CP type, and GMFCS) show p-values always > 0.05 (p-valuemin = 0.09,
p-valuemax = 0.91). This means that the importance of technology in acquiring one of the
proposed competences is not dependent on children’s CP form, CP type, or functional
level (GMFCS).

3.2. Section 2: How Children Play with and without the Technology

In this section, the typologies of games and activities that mostly engage children
with neurological impairments were investigated, as well as if they usually play alone or
with someone. The activities are summarized in Table 3, which also reports the number
of preferences given by the parents.

Table 3. Games that mostly engage children with neurological impairments as reported by their parents.

Game/Activity Typology Number of Preferences

Technology-based activities (watching videos and playing videogames on 39
smartphones, computers, tablets and consoles like Xbox, PlayStation, Wii)

Outdoor games (e.g., hide-and-seek, basket, football, swing, Frisbee, ball, etc.) 22

Playing with building blocks 21

Toy cars, toy trains, toy tracks, radio-controlled toy car 14

Puppets, dolls, bursters, robots 14

Board games, gaming cards, puzzles 14

Bicycle, tricycle, and scooter 8

Painting 8

Pretend play (e.g., kitchen toys, housekeeping toys, tool set station, etc.) 9
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Playing with moldable materials (e.g., Pongo, Dido)

Role-playing games (e.g., superheroes, doctor, etc.)

Books and interactive books

[SSEE S NEG; B

Toy weapons

The answers revealed that most of the children prefer to play with technology-based
games, i.e., playing videogames on smartphones, computers, and tablets, and using con-
soles such as the Xbox 360, PlayStation, and Nintendo Wii. Moreover, the survey showed
that they usually play with parents and siblings (55%), while the remaining 45% alone; in
the case of multiplayer games, 36% of the time these are cooperative games, while 18%
are competitive ones.

Subsequently, the survey investigated the role of the technology within the playful
context, focusing on the videogames. The answers revealed that 46% of the children usu-
ally play videogames alone, even if 81% of them would prefer to play with friends and
family. Eighty-two percent of the parents reported that their children use technological
games from one to seven times a week for at least 10 min up to a maximum of 2 h. The
favorite ones are those played with mobile devices (i.e., smartphone and tablet) (94%),
followed by the Nintendo Wii (24%), PC games (20%), Xbox 360 (17%), PlayStation (15%),
Nintendo Switch (4%), and Nintendo 3DS (2%). Among children who play with tech
games, 35% of them also use console accessories that work with body movements, such
as the Microsoft Kinect, Wii Nunchuck, Wii Balance Board, Wii Wheel, and Wii Motion.
Moreover, 7% of the parents have bought commercial controllers adapted to the child’s
disability, and one family personally modified the game settings to increase the usability
for their child. Parents were also asked to identify the videogame categories preferred by
their children (parents could select more than one category), which were sport (42.86%),
action/adventure (37.50%) and car driving games (33.93%). The number of preferences for
each category is shown in Table 4.

Table 4. Categories of videogames preferred by children with neurological impairments as reported
by their parents.

Videogame Category Number of Preferences  Percentage of Preferences
Sport games 24 42.86%
Adventure/action games 21 37.50%
Driving games 19 33.93%
Simulation games 11 19.64%
Fighting games 8 14.29%
Shooter games 7 12.50%
Classic games (i.e., Tetris) 6 10.71%
Role games 6 10.71%
Brain teaser 4 7.14%
Other 13 23.21%

In addition, parents reported that adventure games had a quite high appreciation if
organized in mini-games and associated with a goal to reach or a character/hero to iden-
tify with. In contrast, if the adventure games are too difficult to be completed or the pro-
tagonist dies, this could lead to dejection in the child.

Finally, 5 point Likert scales were used to evaluate children’s feelings when playing,
both with and without videogames. Therefore, the survey investigated children’s enter-
tainment, engagement, frustration, satisfaction, concentration, relaxation, restlessness,
and inclusion during playing. Figure 6 shows these feelings when children play with and
without videogames (blue and orange bars, respectively), reporting the median score of
the 5 point scale and its IQR.
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Figure 6. Children’s feelings when playing with and without videogames (blue and orange bars,
respectively). Chi? test: * p < 0.05, ** p < 0.005, *** p < 0.0005. Null hypothesis: the scores referred to
the 8 proposed feelings that could be experienced when playing are equidistributed with respect
the 5 point Likert scale.

Figure 6 shows that children generally manifest positive feelings during playing,
both with and without technology, as demonstrated by the medial scores always being >
3if considering the positive/neutral feelings (i.e., entertainment, engagement, satisfaction,
concentration, relaxation, and inclusion), and < 3 if considering the negative ones (i.e.,
frustration and restlessness). Results of the chi-square test (chi? ranging between 12.4 and
65.1, p < 0.05) show that the score distributions in Figure 6 are non-equidistributed in a
statistically significant way with respect to the 5 point Likert scale. The only exception
regards the “relaxed” feeling, whereby no statistical significance was found for the games
with technologies or without (pwrtech = 0.12, chi?witech = 7.4, pwio-tech = 0.13, chi?wjotech = 7.1).
Finally, the Wilcoxon signed-ranked test between the scores given to the technological
games and the non-tech ones, for each of the proposed feelings, showed that there is not
any statistically significant difference between the two types of play, meaning that chil-
dren are not inhibited in front of technology-based games (all p > 0.05).

3.3. Section 3: Identification of the Game Design Guidelines

Section 3 aimed to evaluate the requirements that a videogame should have to be
accessible and inclusive for children with neurological impairments. Questions were pro-
posed to identify the preferred environments, characters, and console controller types, as
well as the appropriate duration of a game session, which was 20/30 min. Four video game
settings were proposed to the parents (sky, seabed, space, and jungle, shown in Figure 7),
who had to select the most attractive for their children (more than one answer was ac-
cepted). The most successful and highly appreciated was the jungle (21 votes, Figure 7d),
followed by the seabed (20 votes, Figure 7b) and the sky (18 votes, Figure 7a), while space
received less approval (9 votes, Figure 7c). The answers about the favorite chromatic scale
for designing the environments identified primary colors (red, yellow, green, and blue) as
the winners, followed by orange, purple, and blue, with a general preference for bright
and vivid colors.
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(d)

Figure 7. Game settings proposed to the parents among which they had to select the most attractive
for their children: (a) the sky, (b) the seabed, (c) space, and (d) the jungle.

Parents were also asked to identify the most attractive character among four different
options (more than one answer was accepted): the tender animal, the little monster, the
little bean, and the little boy in Figure 8. The tender animal was selected as the favorite
one (36 votes, Figure 8a), followed by the little boy (15 votes, Figure 8d), the little monster
(11 votes, Figure 8b), and the little bean (7 votes, Figure 8c).

(0) (d)

Figure 8. Characters proposed to the parents, from which they had to select the most attractive for
their children: (a) the tender animal, (b) the little monster, (c) the little bean, and (d) the little boy.
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Subsequently, parents had to select, among different game controllers (Figure 9), the
most intriguing, the most enjoyable, and the one that their child would use the most.

Preferences were overlapping and similar, as shown in Table 5, which reports the
five most selected devices for each of the three categories (i.e., the most intriguing, enjoy-
able, and used). In addition, parents” answers in Table 5 reveal that families showed a
tendency to choose items they were familiar with (e.g., the steering wheel, button, etc.),
while excluding the less common/known solutions.

Table 5. Five most selected controllers for each of the three categories (i.e., the most intriguing, enjoyable and used), as
reported by parents.

Most Intriguing Controller Most Enjoyable Controller Controller That Would Be Used the Most
Controller =~ Number of % Controller ~ Numberof % Controller Type Number of %
Type Preferences Type Preferences Preferences
Steering wheel 27 12.80% Steering wheel 32 15.46%  Steering wheel 41 20.50%
Button 21 9.95% Button 18 8.70% Button 27 13.50%
Cloche 15 7.11% Balance board 18 8.70% Balance board 19 9.50%
Balance board 13 6.16% Cloche 16 7.73% Cloche 14 7.00%

Handlebar 13 6.16% Handlebar 14 6.76% Handlebar 13 6.50%
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Figure 9. Game controllers proposed to the parents among which they had to select the most intri-
guing, the most enjoyable, and the one that their child would use the most.

The survey also proposed open-ended questions that investigated what parents
liked, did not like, or would modify regarding the controllers that their child would use
the most (third column in Table 5). Parents” answers revealed that devices that allow bi-
manualisation, such as the steering wheel, the cloche, and the handlebar, were highly ap-
preciated for two reasons: (a) with bi-manualisation, the healthy hand can support the
injured one during movements (synergic use), and (b) these devices seem to facilitate grip
and the development of movements and coordination of the upper limbs. In addition,
parents appreciated the steering wheel and the handlebar for their affinities with daily life
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objects, such as the handlebar of a scooter or a bicycle and the steering wheel of a car, and,
in general, for their link with symbolic play. The button was considered a simple and in-
tuitive device, even if monotonous and uninspiring, while the balance board was appre-
ciated due to its usefulness in the development of balance and coordination. Parents’ com-
ments also showed there was a preference for those devices that allow the develop-
ment/exercise of new skills or abilities important in everyday life and for those relatively
easy to use. Indeed, the simplicity and usability of the controllers are important to avoid
game abandonment due to the high frustration of the child while playing. The possibility
of integrating audiovisual feedback or using different devices simultaneously seem to be
desirable solutions for several parents. In general, parents gave positive feedback to the
proposed controllers, even if they suggested adding some degrees of freedom for some of
them (i.e., additional axial or rotational movements to the handlebar or to the cloche) and
to integrate a holding support to the balance board.

Parents were also asked to indicate couples of controllers that children would like/be
able to use in combination. The answers highlighted the importance of implementing mul-
tiple interactions that recall everyday actions such as driving a car, therefore combining,
for example, the steering wheel with the monoaxial/biaxial gearbox, the cloche, or the car
pedals. The button occurred in combination with various other devices, once also with the
wind controller for the immediacy of their use in combination.

Additionally, the survey evaluated the perceived utility as a wearable game control-
ler of a wristband, which could work as a postural stabilizer at the same time. Fifty-four
percent of the parents considered the wristband useful to improve the child’s posture or
interaction with objects. Moreover, some free answers given to the open-ended questions
explicitly support the use of the wristband as a desirable game controller. While 41% of
parents suggested that it would not really help to improve the child’s performance in the
activities of Table 1 (three families did not respond, corresponding to 5% of the sample),
the suggestions given in the open-ended questions highlight the usefulness of the wrist-
band particularly in relation to the following activities/functions:

e  Supporting the wrist and counteracting spasticity;

e  Maintaining balance positions (e.g., carry a tray);

e Improving the grip of objects, especially the small ones;

e Improving the control, coordination, and strength of the upper limb;
e Improving bi-manual activities.

Finally, the survey investigated how much parents would be willing to pay for vide-
ogames and consoles with ad hoc controllers specifically designed for children with neu-
rological impairments. Therefore, they selected, among five price categories, the one they
would afford (i.e., EUR <20, 20-40, 40-60, 60-100 and >100 for the videogames, EUR < 100,
100-250, 250-500, 500-1000 and >1000 for the consoles). The answers are summarized in
Figure 10 (Figure 10a refers to the videogame, while 10b to the consoles) and revealed that
55% of the parents would spend 40-100 EUR for a videogame, and 76% of them 100-500
EUR for the consoles.
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Figure 10. Price categories that parents would afford for videogames (a) and consoles (b) specifically designed for children
with neurological impairments.

4. Discussion

Play has a fundamental role in children’s development, and, when considering chil-
dren with neurological impairments, technology-based games are an important tool both
in ludic and rehabilitative activities. However, traditional technology-based games do not
take into account the special needs of children with impairments, and on the other hand,
games designed for disabled people are often boring for other children, thus eliminating
the social component of the game. Hence, there is the necessity to develop technology-
based games designed for the specific needs and characteristics of children with neuro-
logical limitations, accessible in terms of understanding and execution but also enjoyable
by their peers. In order to investigate how disabled children deal with the ludic activities,
in particular with technology-based games, a survey was proposed to families who have
a child with neuromotor limitations. The answers showed their preferences and sugges-
tions regarding the most suitable game design according to their child’s needs.

From the survey emerged the importance of the technologies in supporting children
with neuromotor problems and improving their quality of life in terms of acquiring motor
skills, being entertained, being included in a group, and strengthening cognitive aspects.
The answers revealed that children with neurological impairments generally manifest
positive feelings when playing both with and without technology, and their favorite ludic
activity consists of playing with technology-based games, highlighting the importance of
developing new technologies that better meet their needs. Moreover, most of the children
usually play with parents and siblings, even if there are still many that play alone and that
would prefer to play with friends and family. Therefore, implementing a game able to
entertain as the traditional commercial ones but, at the same time, playable by children
with neuromotor limitations could improve their participation, including more players,
and promote socialization.

The survey revealed that most of the children use mobile devices for playing (i.e.,
smartphones and tablets), followed by the Nintendo Wii, computer, Xbox 360, and
PlayStation. Since both computers and consoles are widely used, the option of developing
different game versions should be considered, which could be played with both of them.
Despite the high appreciation of mobile games, the mobile version does not allow the in-
tegration with “smart objects” as controllers and the promotion of physical activity; there-
fore, it should be excluded if the ambition is to develop a videogame that encourages
physical activity in addition to allowing inclusive play.

From the preferences reported by the parents, it has emerged that cooperative games
are preferred over competitive ones, while the favorite game categories were sports and
action/adventure, especially if organized in mini-games. In addition, the game should
have a goal to reach and a character/hero to identify with to increase the engagement of
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the child; at the same time, the game session should not be too difficult and long to com-
plete (20/30 min as maximum) in order to avoid the dejection in the child. The price that
parents would afford for buying the inclusive videogame and console should be also
taken into account. According to parents” answers, they would be willing to spend 100-
250 EUR for the console and 40-60 EUR for the videogame.

The questionnaire also revealed that 35% of the children play with console controllers
(i.e., Microsoft Kinect, Wii Nunchuck, Wii Balance Board, Wii Wheel, and Wii Motion), a
percentage that could be increased by developing accessories customized for children
with neuromotor limitations. Indeed, the controllers that present small buttons or sticks,
such as the standard one of the PlayStation, are less inclusive for disabled children. Par-
ents suggested developing accessories similar to daily life objects (e.g., a steering wheel of
a car, handlebar of a scooter, etc.) that allow training bi-manual skills, so that the healthy
arm/hand can support the injured one during movements; in addition, this could facilitate
the development of movements and coordination, recalling daily life actions with sym-
bolic play. On the other hand, it is possible to point out that the expressed preferences for
controllers that recall daily life objects can be influenced not only by their actual usability
in play, but also by the habit of using them at home or during rehabilitation. The lack of
familiarity with the other proposed controllers and the impossibility of testing the proto-
types might have led to the selection of the most common/known solutions. This issue
may be overcome in the future by organizing in presence testing sections, during which
children and their families could test different controllers and choose the most intriguing,
the most enjoyable, and the one that children would use the most. Moreover, there was a
tendency to express appreciation for immediate and usable accessories such as the steer-
ing wheel or the button, while criticizing their simplicity. Therefore, it could be interesting
and important to modulate the number of available interactions, proposing progressive
levels of play that could follow the level of competence of the child. Finally, when design-
ing the controllers, it is important to balance the similarity to real objects and the ease of
use. Indeed, these accessories must engage the child during their use and, at the same
time, avoid game abandonment due to the high frustration of the child while playing. For
this reason, some parents suggested modifications to traditional controllers, such as add-
ing a holding support to the balance board, to increase the accessibility of this object.

To our knowledge, there are no studies that investigate how children with neurolog-
ical impairments deal with play, in particular with videogames. The only study that per-
formed an investigation distributing a survey is the one proposed by Levac et al. in 2017
[42], in which authors described the clinical use of virtual reality and active videogames
and identified usage barriers and facilitators. However, they reported the point of view of
physical and occupational therapists, who mostly use these technologies in rehabilitation.
From their survey emerged the idea that technology is perceived as useful and motivating
for patients, even if barriers like the lack of funds, space, time, support staff, and appro-
priate clients limit the use of technologies. If Levac’s manuscript is useful for making im-
provements regarding the use of technologies in a clinical environment, this manuscript,
on the other hand, specifically focuses on the perceptions and preferences of neuromotor-
impaired children and their families when playing with technologies in their home envi-
ronment.

The main limit of this study is the small sample size. The reachable target population
was significant, but the channel used for diffusion (Facebook) and the period of sharing
(April 2020, in the middle of the COVID-19 pandemic) likely reduced the number of ad-
hesions. In addition, almost 40% of the respondents came from one region of Italy (from
Lombardy). Therefore, future studies will include more families by sharing the survey
with more end-users uniformly distributed across Italy, considering the different popula-
tion densities of the Italian regions (i.e., Lombardy has the highest population density).
Another limitation is related to the fact that, in this manuscript, the survey collected par-
ents” answers, but not children’s ones, due to the cognitive impairment of some of them
and the online administration of the survey. Therefore, future works should also collect
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children’s opinion, administering the survey in presence in order to be able to explain
questions that may be unclear to children.

5. Conclusions

To conclude, the findings reported in this manuscript can act as a guideline for vide-
ogame developers and console designers, since they give useful suggestions for develop-
ing technologies that are enjoyable, accessible, and inclusive at the same time. For exam-
ple, these guidelines will be considered within the GiocAbile project, started in 2020,
whose aim is to design a videogame for children with neurological impairments, which is
as engaging as commercial ones, and understandable and playable by everyone. Gio-
cAbile has the ambition to continuously stimulate children to play, at the same time im-
proving their physical abilities and developing their motor skills. At a later stage of the
project, GiocAbile could also be used as a rehabilitation tool with associated clinical pro-
tocols. Below, we summarize the technical requirements derived from the survey that will
be also considered within the GiocAbile project:

° Avoiding designing controllers that present small buttons or sticks, since they are not
easily usable by children with neuromotor impairments;

e Developing controllers that allow training the bi-manual skills, so that the
healthy/less impaired arm/hand can support the injured one;

e  Designing controllers that recall daily life objects (e.g., a steering wheel of a car, han-
dlebar of a scooter, etc.), since they are intuitive to use and facilitate disabled children;

e  When designing the controllers, balancing the similarity to real objects and ease of
use in order to avoid frustration in children;

e  Designing controllers that allow training functional movements (e.g., driving a car,
carrying a tray, fishing);

e  Considering developing games that can be played both with computers and consoles;

e  Preferring to develop cooperative games rather than competitive ones, since they are
more inclusive;

e  Preferring to develop sports and action/adventure videogames, especially if orga-
nized in mini-games, with a goal to reach and a character/hero with which to identify;

e  Proposing progressive levels of play that could follow the level of competence of the
child;

e  Using primary colors for designing the virtual environments, with bright tonality;

e  Developing a videogame whose game session is no longer than 20/30 min;

e  When designing the videogame, considering a price range of EUR 100-250 for the
console and of EUR 40-60 for the videogame.

These indications are a useful starting point for the development of videogames that
meet the actual market needs. Indeed, the recruited families highlighted the lack of inclu-
sive, accessible, and enjoyable games and expressed their desire to approach this kind of
videogame that could improve the quality of life of their children. Therefore, within the
GiocAbile framework, we will develop an innovative videogame starting from the men-
tioned requirements, and we will evaluate it in terms of usability, acceptability, and user
experience.

Supplementary Materials: The survey 1is available online at www.mdpi.com/2076-
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Author Contributions: Conceptualization, E.B., M.P., O.P., M.M (Matteo Malosio), S.P., and F.F.;
Methodology, R.N., EB., FF, FL, SLP, SM,, ED. F.C, L.O, MLN, LG, MM. (Marta
Mondellini), ].R., A.S., and V.A.; Formal Analysis, R.N.; Resources, M.V. and E.B.; Writing—Origi-
nal Draft Preparation, R.N.; Writing—Review and Editing, RN., E.B.,, M.P., O.P., M.M. (Matteo
Malosio), M.M. (Marta Mondellini), S.P, F.F., F.L., SL.P,L.G, V.A, M.V, J.R, and A.S; Project Ad-
ministration, M.V. and V.A. All authors have read and agreed to the published version of the man-
uscript.



Appl. Sci. 2021, 11, 9886 19 of 21

Funding: This research was funded by Fondazione Cariplo (project CREW- Codesign for REhabili-
tation and Wellbeing, GiocAbile concept, 2018/1471). The study was also partially supported by the
Italian Ministry of Health (RC 2020/2021).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee of IRCCS Medea (GIP 399,
25/05/2017).

Informed Consent Statement: Patient consent was waived due to the anonymity of the survey and
answers.

Data Availability Statement: The data presented in this study are openly available in Zenodo at
10.5281/zenodo.5457559 (link: https://zenodo.org/record/5457559#.YVXgXbUzZPY, accessed on 5
September 2021).

Acknowledgments: The authors thank all the families that participated to the survey.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the
design of the study; in the collection, analyses, or interpretation of data; in the writing of the manu-
script, or in the decision to publish the results.

References

1.

[SARRCLEE IR

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Convention on the Rights of the Child Convention on the Rights of the Child. Available online: https://www.ohchr.org/en/pro-
fessionalinterest/pages/crc.aspx (accessed on 2 August 2021).

Piaget, J. Psychology of the Child; Basic Books: New York, NY, USA, 1972.

Winnicott, D.W. Playing and Reality; Tavistock Publications: London, UK, 1971.

Piaget, J. Psychologie et épistémologie; Editions Denoél: Paris, France, 1970.

Malbran, M.D.C. World Report on Disability. ]. Policy Pr. Intellect. Disabil. 2011, 8, 290, d0i:10.1111/j.1741-1130.2011.00320.x.
Weiss, P.L.; Bialik, P.; Kizony, R. Virtual Reality Provides Leisure Time Opportunities for Young Adults with Physical and
Intellectual Disabilities. CyberPsychology Behav. 2003, 6, 335-342, doi:10.1089/109493103322011650.

Rideout, V.; Saphir, M.; Pai, S.; Rudd, A.; Pritchett, J. Zero to Eight: Children’s Media Use in America 2013 Available online:
https://www.commonsensemedia.org/sites/default/files/research/zero-to-eight-2013.pdf (accessed on 2 August 2021).

Chantry, J.; Dunford, C. How do Computer Assistive Technologies Enhance Participation in Childhood Occupations for Chil-
dren with Multiple and Complex Disabilities? A Review of the Current Literature. Br. J. Occup. Ther. 2010, 73, 351-365,
d0i:10.4276/030802210x12813483277107.

Lopes, S.; Magalhaes, P.; Pereira, A.; Martins, J.; Magalhaes, C.; Chaleta, E.; Rosario, P. Games Used With Serious Purposes: A
Systematic Review of Interventions in Patients With Cerebral Palsy. Front. Psychol. 2018, 9, 1712, doi:10.3389/fpsyg.2018.01712.
Robson, K.; Plangger, K.; Kietzmann, J.; McCarthy, L; Pitt, L. Is it all a game? Understanding the principles of gamification. Bus.
Horizons 2015, 58, 411-420, d0i:10.1016/j.bushor.2015.03.006.

Velasco, M.A; Raya, R.; Muzzioli, L.; Morelli, D.; Otero, A.; Iosa, M.; Cincotti, F.; Rocon, E. Evaluation of cervical posture im-
provement of children with cerebral palsy after physical therapy based on head movements and serious games. Biomed. Eng.
Online 2017, 16, 1-13, d0i:10.1186/s12938-017-0364-5.

Staiano, A.E.; Flynn, R. Therapeutic Uses of Active Videogames: A Systematic Review. Games Heal. ]. 2014, 3, 351-365,
doi:10.1089/g4h.2013.0100.

Kokol, P.; Vosner, H.B.; Zavrsnik, J.; Vermeulen, J.; Shohieb, S.; Peinemann, F. Serious Game-based Intervention for Children
with Developmental Disabilities. Curr. Pediatr. Rev. 2020, 16, 26-32, doi:10.2174/1573396315666190808115238.

Bonnecheére, B.; Jansen, B.; Omelina, L.; Degelaen, M.; Wermenbol, V.; Rooze, M.; Jan, S.V.S. Can serious games be incorporated
with conventional treatment of children with cerebral palsy? A review. Res. Dev. Disabil. 2014, 35, 1899-1913,
doi:10.1016/j.ridd.2014.04.016.

Rowland, ].L.; Malone, L.A.; Fidopiastis, C.M.; Padalabalanarayanan, S.; Thirumalai, M.; Rimmer, ]J.H. Perspectives on Active
Video Gaming as a New Frontier in Accessible Physical Activity for Youth With Physical Disabilities. Phys. Ther. 2016, 96, 521—
532, doi:10.2522/ptj.20140258.

Decavele, S.; Ortibus, E.; Van Campenhout, A.; Molenaers, G.; Jansen, B.; Omelina, L.; Franki, I. The Effect of a Rehabilitation
Specific Gaming Software Platform to Achieve Individual Physiotherapy Goals in Children with Severe Spastic Cerebral Palsy:
A Randomized Crossover Trial. Games Heal. ]. 2020, 9, 376-385,, doi:10.1089/g4h.2019.0097.

Chung, P.J.; Vanderbilt, D.L.; Schrager, S.M.; Nguyen, E.; Fowler, E. Active Videogaming for Individuals with Severe Movement
Disorders: Results from a Community Study. Games Heal. ]. 2015, 4, 190-194, d0i:10.1089/g4h.2014.0091.

Malone, L.A.; Rowland, J.L.; Rogers, R.; Mehta, T.; Padalabalanarayanan, S.; Thirumalai, M.; Rimmer, ].H. Active Videogaming
in Youth with Physical Disability: Gameplay and Enjoyment. Games Heal. ]. 2016, 5, 333-341, d0i:10.1089/g4h.2015.0105.

Levac, D.; Rivard, L.; Missiuna, C. Defining the active ingredients of interactive computer play interventions for children with
neuromotor impairments: A scoping review. Res. Dev. Disabil. 2012, 33, 214-223, doi:10.1016/j.ridd.2011.09.007.



Appl. Sci. 2021, 11, 9886 20 of 21

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Zoccolillo, L.; Morelli, D.; Cincotti, F.; Muzzioli, L.; Gobbetti, T.; Paolucci, S.; Iosa, M.; Zoccolillo, L.; Morelli, D.; Cincotti, F.; et
al. Video-Game Based Therapy for Children With Cerebral Palsy. Eur. ]. Phys. Rehabil. Med. 2015, 51, 669-676.

Lohse, K,; Shirzad, N.; Verster, A.; Hodges, N.; Van Der Loos, H.F.M. Video Games and Rehabilitation. |. Neurol. Phys. Ther.
2013, 37, 166-175, doi:10.1097/npt.0000000000000017.

Lyons, E.J. Cultivating Engagement and Enjoyment in Exergames Using Feedback, Challenge, and Rewards. Games Heal. ]. 2015,
4, 12-18, doi:10.1089/g4h.2014.0072.

Pereira, F.; I Badia, S.B.; Jorge, C.; Cameirao, M.D.S. Impact of Game Mode on Engagement and Social Involvement in Multi-
User Serious Games with Stroke Patients. Int. Conf. Virtual Rehabil. ICVR 2019, 2019, 1-13, d0i:10.1109/icvr46560.2019.8994505.
Ruiz, M.L.M.; Maximo-Bocanegra, N.; Luna-Oliva, L. A Virtual Environment to Improve the Detection of Oral-Facial Malfunc-
tion in Children with Cerebral Palsy. Sensors 2016, 16, 444, doi:10.3390/s16040444.

Akhutina, T.; Foreman, N.; Krichevets, A.; Matikka, L.; Narhi, V.; Pylaeva, N.; Vahakuopus, J. Improving spatial functioning in
children with cerebral palsy using computerized and traditional game tasks. Disabil. Rehabil. 2003, 25, 1361-1371,
d0i:10.1080/09638280310001616358.

Barton, G.J.; Hawken, M.B.; Foster, R.].; Holmes, G.; Butler, P.B. The effects of virtual reality game training on trunk to pelvis
coupling in a child with cerebral palsy. ]. Neuroeng. Rehabil. 2013, 10, 15, doi:10.1186/1743-0003-10-15.

Green, D.; Wilson, P.H. Use of virtual reality in rehabilitation of movement in children with hemiplegia—A multiple case study
evaluation. Disabil. Rehabil. 2011, 34, 593-604, d0i:10.3109/09638288.2011.613520.

Radtka, S.; Hone, R.; Brown, C.; Mastick, J.; Melnick, M.E.; Dowling, G.A. Feasibility of Computer-Based Videogame Therapy
for Children with Cerebral Palsy. Games Health ]. 2013, 2, 222-228, doi:10.1089/g4h.2012.0071.

Ni, L.T; Fehlings, D.; Biddiss, E. Design and Evaluation of Virtual Reality-Based Therapy Games with Dual Focus on Thera-
peutic Relevance and User Experience for Children with Cerebral Palsy. Games Health ]. 2014, 3, 162-171,
doi:10.1089/g4h.2014.0003.

Hernandez, H.A.; Khan, A ; Fay, L.; Roy, ].-S.; Biddiss, E. Force Resistance Training in Hand Grasp and Arm Therapy: Feasibility
of a Low-Cost Videogame Controller. Games Health ]. 2018, 7, 277-287, d0i:10.1089/g4h.2017.0193.

Van Den Heuvel, R]J.F.; Lexis, M.A.S.; Gelderblom, G.J.; Jansens, R.M.L.; de Witte, L. Robots and ICT to support play in children
with severe physical disabilities: A systematic review. Disabil. Rehabilitation: Assist. Technol. 2016, 11, 103-116,
d0i:10.3109/17483107.2015.1079268.

Lépez, S.A.; Corno, F.; De Russis, L. Playable One-Switch Video Games for Children with Severe Motor Disabilities Based on
GNomon. In Proceedings of the 7th International Conference on Intelligent Technologies for Interactive Entertainment, Turin,
Italy, 10-12 June 2015; 17, 176-185, d0i:10.4108/icst.intetain.2015.259620.

Golomb, M.R.; McDonald, B.C.; Warden, S.; Yonkman, J.; Saykin, A.; Shirley, B.; Huber, M.; Rabin, B.; AbdelBaky, M.; Nwosu,
M.E,; et al. In-Home Virtual Reality Videogame Telerehabilitation in Adolescents With Hemiplegic Cerebral Palsy. Arch. Phys.
Med. Rehabil. 2010, 91, 1-8.e1, d0i:10.1016/j.apmr.2009.08.153.

Huber, M.; Rabin, B.; Docan, C.; Burdea, G.C.; AbdelBaky, M.; Golomb, M. Feasibility of Modified Remotely Monitored In-
Home Gaming Technology for Improving Hand Function in Adolescents With Cerebral Palsy. IEEE Trans. Inf. Technol. Biomed.
2010, 14, 526534, doi:10.1109/titb.2009.2038995.

Golomb, M.R.; Warden, S.J.; Fess, E.; Rabin, B.; Yonkman, J.; Shirley, B.; Burdea, G.C. Maintained Hand Function and Forearm
Bone Health 14 Months After an In-Home Virtual-Reality Videogame Hand Telerehabilitation Intervention in an Adolescent
With Hemiplegic Cerebral Palsy. |. Child Neurol. 2011, 26, 389-393, d0i:10.1177/0883073810394847.

Chen, Y.-P,; Kang, L.-].; Chuang, T.-Y.; Doong, J.-L.; Lee, S.-].; Tsai, M.-W_; Jeng, S.-F.; Sung, W.-H. Use of Virtual Reality to
Improve Upper-Extremity Control in Children With Cerebral Palsy: A Single-Subject Design. Phys. Ther. 2007, 87, 1441-1457,
doi:10.2522/ptj.20060062.

Szturm, T.; Betker, A.L.; Moussavi, Z.; Desai, A.; Goodman, V. Effects of an Interactive Computer Game Exercise Regimen on
Balance Impairment in Frail Community-Dwelling Older Adults: A Randomized Controlled Trial. Phys. Ther. 2011, 91, 1449—
1462, doi:10.2522/ptj.20090205.

Betker, A.L.; Szturm, T.; Moussavi, Z.K.; Nett, C. Video Game-Based Exercises for Balance Rehabilitation: A Single-Subject
Design. Arch. Phys. Med. Rehabil. 2006, 87, 1141-1149, doi:10.1016/j.apmr.2006.04.010.

Pyk, P.; Ruckriem, B.; Pescatore, A.; Meyer-Heim, A.; Kiper, D.; Eng, K.; Wille, D.; Chevrier, E.; Hauser, Y.; Holper, L.; et al. A
Paediatric Interactive Therapy System for arm and hand rehabilitation. Virtual Rehabil. 2008, 127-132,
d0i:10.1109/icvr.2008.4625148.

Wille, D.; Eng, K.; Holper, L.; Chevrier, E.; Hauser, Y.; Kiper, D.; Pyk, P.; Schlegel, S.; Meyer-Heim, A. Virtual reality-based
paediatric interactive therapy system (PITS) for improvement of arm and hand function in children with motor impairment—
a pilot study. Dev. Neurorehabilit. 2009, 12, 44-52, d0i:10.1080/17518420902773117.



Appl. Sci. 2021, 11, 9886 21 of 21

41. Harris, P.A,; Taylor, R,; Thielke, R.; Payne, J.; Gonzalez, N.; Conde, ].G. Research electronic data capture (REDCap)—A
metadata-driven methodology and workflow process for providing translational research informatics support. J. Biomed. Inform.
2009, 42, 377-381, doi:10.1016/.jbi.2008.08.010.

42. Levac, D,; Glegg, S.; Colquhoun, H.; Miller, P.; Noubary, F. Virtual Reality and Active Videogame-Based Practice, Learning
Needs, and Preferences: A Cross-Canada Survey of Physical Therapists and Occupational Therapists. Games Health ]. 2017, 6,
217-228, doi:10.1089/g4h.2016.0089.


https://www.researchgate.net/publication/355478082

