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Abstract: This paper presents a modular approach to generic exergame design that combines cus-
tom physical exercises in a meaningful and motivating story. This aims to provide a tool that can be
individually tailored and adapted to people with different needs, making it applicable to different
diseases and states of disease. The game is based on motion capturing and integrates four example
exercises that can be configured via our therapeutic web platform "Blexer-med". To prove the feasi-
bility for a wide range of different users, evaluation tests were performed on 14 patients with vari-
ous types and degrees of neuromuscular disorders, classified into three groups based on strength
and autonomy. Users were free to choose their schedule and frequency. Game scores and three sur-
veys (before, during, and after the intervention) showed similar experiences for all groups, with the
most vulnerable having the most fun and satisfaction. The players were motivated by the story and
by achieving high scores. The average usage time was 2.5 times per week, 20 minutes per session.
Pure exercise time was about half the game time. The concept has proven feasible and forms a rea-
sonable basis for further developments. The full 3D exercise needs further fine-tuning to enhance
fun and motivation.

Keywords: Exergames; Kinect; neuromuscular disease; physical disability; rehabilitation; serious
games; (VRR) Virtual Reality Rehabilitation

1. Introduction

People with physical disabilities caused by injury or illness need to exercise to regain
or maintain their fitness level, in order to prevent muscle loss. Due to their limited possi-
bilities to access regular sports activities, they have to undergo personalized physiother-
apy, which is often a costly and time-consuming burden [1]. In addition, it often requires
the patient to perform additional exercises at home that cannot be supervised by a profes-
sional [2]. Virtual Reality Rehabilitation (VRR) is a promising solution: Serious Games
(5G) based on 3D motion capture provide the possibility of additional physical training in
combination with conventional treatments. Furthermore, they motivate, which improves
performance and progress can be monitored [3]. However, more efforts are needed in this
field to make these games really attractive and adapted to the specific needs and possibil-
ities of the patient [4].

Many studies on VRR can be found in literature, but most are made for older People
with common diseases like stroke or Parkinson's. Examples are the navigation system [5]
developed by Pool et al., "ReHabgame" [1], a VRR system with three different scenarios,
three low-cost games presented by Seo et al. [6], the therapeutic game system "Rehab @
Home" [7] for fine and coarse arms - and shoulder movements or "Motion Rehab AVE 3D"
[8] for motor and balance rehabilitation of patients with mild strokes.

However, there are very few applications for children and young adults, who are
more likely to play video games. Most studies found have been carried out for cerebral
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palsy (CP) patients. They form, along with patients with neuromuscular diseases (NMD),
the main group of young people with motor dysfunction [3,5,9,10,11,12]. However, NMD
patients often cannot use the same applications as CP patients. They have less muscle
strength and are unable to perform frequent and rapid movements.

In addition to lacking adaptability to different types of disorders and features to per-
sonalize therapies, VRR still does not pay enough attention to the possibilities offered by
good game design: while commercial exergames are long, engaging, and completely im-
mersive, rehabilitative exergames consist mostly of mini-games that are mere translations
of conventional exercises into a virtual environment. As far as we know, there are practi-
cally no examples of "full-play exergames," as we call games that are based on a story,
have a protagonist, and use elements and mechanisms that take the patient into the world
of the game.

Some examples of mini-games are: "JeWheels", a wheelchair game for collecting coins
with both arms [13], a game for collecting fruits for posture control training [14] and
"IGER"(Intelligent Game Engine for Rehabilitation) [15], a system that offers a series of
mini-games for posture and balance rehabilitation, monitored remotely by a therapist.

The commercially available VRR solutions are also based on individual mini-games,
e.g. the previously mentioned software "MIRA" from MiraRehab [16] or "VirtualRehab"
from Evolv [17], which contains various assessment modules, guided exercises and dif-
ferent types of exergames for a variety of neurological diseases. Other examples are "RE-
HABILITY" [18], which allows rehabilitation exercises to be carried out remotely and au-
tonomously under medical supervision, and "Mitii" (Move It To Improve It) [19], which
has been analyzed in several studies, e.g. in [11, 12, 19].

However, researchers are aware and agree that simplicity and the lack of cognitive
challenges lead to boredom and that cognitive tasks have a positive effect on motivation
and therefore on physical performance and progress [20]. Various authors such as Zim-
merli et al. [21], Mihelj et al. [20] or Gorsic [22, 23], showed this effect. Mihelj et al. stated
also that “a scenario targeting cognitive and motor training would have to be adaptable
to specific patient capabilities defined by cognitive and motor deficits. This would make
the adaptation of task difficulty more complex but could lead to better improvements in
motor and cognitive capabilities”.

Following these ideas and in order to close the identified gaps, we developed the first
prototype of a fully functional rehab exergame "Phiby’s Adventures" [24] as part of our
Blexer project (Blender Exergames). It is the sequel to four individual mini-games (four
scenes of upper limb exercise) that have been tested for ease of use in [25] and are now
included in a full game with a main character and a meaningful story. The game architec-
ture combines the exercises in a modular way. They can be arranged in different sequences
and frequencies, or replaced by any others.

Our hypothesis is that the exercises, when integrated into a larger VRR game, which
is generic but customizable, will similarly attract and engage people with very different
physical conditions, if the game is well adjusted to their abilities. In this case, we assume
that people would focus mainly on the game and forget about the physical effort. For this
reason, we tested our prototype on a population of 14 NMD patients who are affected
differently. They ranged from the mildly affected, who can play standing, to wheelchair
players, who only have limited arm movement.

The population was similar to our previous tests in [25], but the results cannot be
compared directly because a) the exercises, although based on the same movements, have
been significantly refined to ensure better functioning, b) the difficulty is adjusted through
"Blexer-med", and c) the users play at home and decide time and duration.

This study is not a clinical trial and no health-related criteria are evaluated. The
authors want to propose new ways of rehabilitation by presenting the next step beyond
mini-games. They do not want to prove that complex games are better, but rather show
new ways in which existing mini-games can be integrated into a larger environment in
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order to increase user interaction. The exercises tested here are only examples and can be
replaced by any others.

The paper is structured as follows: In Section 2.1 we briefly explain the "Blexer-med"
system environment and present the exergame used for the intervention and study (a
complete description of both can be found in [26]). Section 2.2 describes the methodology
used for recruitment, evaluation and analysis. The results are shown in Section 3 and dis-
cussed in Section 4.

2. Materials and Methods

2.1. System Environment

The system environment "Blexer-med", which is used for the intervention presented
in this document, is shown in Figure 1 and has been described in detail in various previous
publications [24-27].

Web Server
Patient's PC -

Blender Exergame

Clinician’s PC

UDP +0OSC
Protocols

Middleware "Chiro"

+ + +
uss T usa usa

3 ‘Y "%

MySQL Server BLEXER-med

Figure 1. “Blexer-med” system environment. Left: patient’s side at home; right: clinical web and
database.

It consists of two parts: the user side (users with Kinect X360 and personal computer
for middleware and game(s)) and the clinical side (database and webserver for therapists).
The middleware "Chiro" [27] establishes the connection between the games with the web
platform and the camera. Clinicians can configure game settings and monitor users' re-
sults over the web.

The web can host multiple games. Our first fully functional prototype, "Phiby's Ad-
ventures v1", is a third-person semi 3D video game based on a 2D map of 16 x 8 cells (see
Figure 2), which represents a valley.

Figure 2. Map of the game environment. In each cell, the path can be chosen through one of the four
obstacles: tree, lake, river or trunk.

Gameplay: The main character “Phiby” starts in one cell and must find a way out of
the valley without knowing the surroundings. After passing through each cell, the user
can visualize the already explored part by lifting one hand. The cells are surrounded by
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four types of obstacles (tree, river, lake, or trunk) that Phiby must overcome: climb a tree,
cross a river by boat, dive through a lake and eat plankton, or chop a few tree trunks.

The route can be freely chosen, even back to a previous cell. Inside a cell, Phiby is
controlled by horizontal hand movements. When he reaches an obstacle, a new scene
opens that contains the exercise that has to be performed to pass the obstacle (row a boat,
climb a tree etc.). Figure 3 shows two cells of the game, the right one containing the map
of the already explored area.

Exercises: The curse of the game contains four exercises as shown in Figure 4: Diving,
chopping wood, rowing and climbing a tree. Rowing and climbing are based on simple
movements with both arms: a simultaneous forward and backward movement and an
alternating up and down movement. Chopping is a more complex up-down movement
with one arm (only the right one was available at the time of the experiments): First, it has
to be raised and held at the highest point for a few seconds in order to "charge" the axe.
The state of charge is represented by a growing circle, a flash of light indicates when the
axe is ready (Figure 4). Now the arm can be lowered. If the player drops the arm too soon,
the trunks will not break.

In the diving exercise, the user trains the upper body through forward, backward
and sideways movements. Those are needed to control Phiby to reach the planktons.
Compared to the others, this exercise is a real 3D experience as the player can move freely
in the lake and search for plankton.

Game mechanics: The exercises use up Phiby’s energy, but he can recover by finding
apples or apple trees. With the wood obtained in each chopping exercise, bridges or huts
can be built. By crossing a bridge Phiby can return across a river without rowing. A hut is
a place where the state of the game is saved so that the player can continue at this point
in the next session. There are eight cells in which huts can be built. As long as no hut has
been built, the player must start over in each session.

ENERGY: 100 / 100
WQOD: Tky

ENERGY: 90/ 100
WOOD: O kg

Figure 3. Screenshots of two cells on the map. Left: A tree trunk, a wall (no passage) and a lake. The
energy is 100% and Phiby gained 7 kg of wood in the previous exercise. Right: Phiby can choose
between two different lakes or chopping wood. The energy is 90%, the map shows the explored
environment.

This type of game elements allows users to think, plan and decide independently.
The cell structure was chosen to solve the following: a) integration of the four exercises
tested in [25] into a meaningful story; b) enable the user to freely choose between different
exercises; c) achieve software that runs without problems on standard personal comput-
ers. More sophisticated gaming environments often require special graphic processors
and large memory capacity.

The authors do not regard the exercises as mini-games in the usual sense. Mini-games
are individual short games that are often found in larger games, but generally have com-
pletely different game elements and have no relation to the main game (e.g. puzzles that
are offered to score additional points). In our case, the exercises are a necessary part of the
game and must be done in order to achieve the final goal. If players fail an exercise, they
remain in the same cell and can try again or choose a different route. In this way, the user
decides how often he/she does the same exercise. It mostly depends on luck how quickly
someone can find the way to the end of the game. The frequency of each exercise is there-
fore completely different for each player.
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Chopped logs: 2/ 3
Time: 100

Rowed distance: 5/ 10

“Time: 86

Figure 4. Exercises from left to right, up-down: “Dive and eat”, “Chop the wood”, “Row the boat”
and “Climb the tree”.

Therapeutic adjustments: The game can be played in sitting or standing, depending
on the participants’ capacity. The clinician uses the website to determine the difficulty of
the exercises by adjusting the width of the rivers, the height of the trees, the number of
trunks to be chopped and the amount of plankton to be eaten. A time limit can be set in
seconds for all exercises so that the level of difficulty increases with more movements or
less time. The three arm-exercises (rowing, climbing, chopping) involve amplification
based on an initial calibration that measures the range of motion. When a user ends a
session, the middleware automatically transfers the achieved scores and times to the da-
tabase. The therapist can then observe the performance on the web interface and, if nec-
essary, adjust the difficulty for the next session.

2.2. Evaluative Tests

Quantitative focus group design was selected to extract the motivations and barriers
to the exergame system described before. Informed consent was obtained from parents
and participants. Approval for the study was obtained from the Ethical Committee of the
Universidad Politécnica de Madrid.

2.2.1. Participants

We focused our study on children and adolescents with neuromuscular disorders.
They were recruited in Madrid (Spain) by distributing leaflets and contacting various
foundations and associations, hospitals and physiotherapists. Most volunteers are mem-
bers of ASEM (Madrid Association of People with Neuromuscular Diseases) and FUN-
DAME (Spinal Muscular Atrophy Foundation Spain). Those who were interested in par-
ticipating were duly informed by e-mail or telephone along with their legal representa-
tive, if necessary.

Inclusion criteria were: aged between 7 and 25 years, clinical diagnosis of a neuro-
muscular disorder, ability to understand and follow simple guidelines and perform the
required tasks, time to use the videogame at home for about three weeks, living in Madrid
area, and possession of a personal computer or laptop that meets minimum requirements
(64-bit, 4 GB RAM, Windows 7 or higher) and Internet access.

Participants were divided into three groups A (n=4), B (n =4) and C (n = 6) based on
muscle strength and degree of autonomy. To assess muscle strength, we based our proce-
dure on the 6-stage manual muscular test proposed by Daniels, Williams and Worthing-
ham [28]. Instead of an examination by a physiotherapist, we used a dynamometer to ob-
tain more objective data by measuring the strength of the limbs suggested by the authors:
shoulders, elbows, wrists and torso. In addition, we evaluated functional autonomy ac-
cording to Barthel’s index [29].

The classification of the individuals according to their strength and autonomy has
been made via a clustering as shown in Figure 5. Therefore, the values of both scales have
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been summed up for each subject k and normalized over all subjects as shown in equation

(1):

T — YSik . B = Zbik (1)
k™ max(sg)’ K max(bj)’

where si are the average values of three measurements for both shoulders, both el-
bows, both wrists (flexion and extension) and the torso (front and back), and where bi are
the scores obtained for autonomy (eating, bathing, dressing etc.) each question scaling
between 0 and 10. Figure 5 shows the distribution of the resulting strength index Sk in
relation to the Bartels autonomy index Bx and the proposed classification into the groups

A, Band C.
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Figure 5. A, B, C group classification according to strength and autonomy.

2.2.2. Intervention

Participants tried out the game at home using their personal computer and one of
our Kinect cameras. On the day of installation, a calibration program was used to capture
the maximum range of the user’s movements and they tried the game with our guidance.
We adjusted the difficulty parameters of each participant to the strength values measured
that day. Then, they used the game without a set schedule, so we could find out how
motivated they were to play without being obliged. Each player's results and surveys
were monitored daily through the web platform. In the event of poor performance or neg-
ative feedback, we reduced the level of difficulty or asked if a problem had occurred. The
data transfer was secured using an alphanumeric identifier without reference to personal
data.

Since we didn't know how long it would take each participant to finish the game, we
set the trial period to three weeks. Participants were asked to reserve 2 or 3 days per week
for playing, performing sessions of about 20 to 30 minutes each of that days. We consid-
ered the trial to be over when either the goal of the game was reached, or the player
stopped playing for a more than a week and was not motivated to continue.

2.2.3. Data Collection and Analysis

Two different types of data were gathered: A) Scores and times achieved in the exer-
cise scenarios, automatically transmitted to the “Blexer-med” platform; B) Three surveys:
before the installation (“Pre-play survey”) for recording demographic and personal data;
after each interaction with the game (“Follow-up survey”) to get real-time feedback on
performance and progress; at the end of the study (“Post-play survey”) to ask for the opin-
ion of the player and their relatives (6-point Likert scale and open questions). The three
surveys were based on the proposed System Usability Scale (SUS) [30] and the Game Ex-
perience Questionnaire (GEQ) [31].

For data analysis, descriptive statistics were used to calculate demographic and clin-
ical features. By analyzing the surveys and scores, we examined several parameters. Fre-
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quency distributions, central tendency and standard deviations (DS) were used for de-
scriptive purposes. When in doubt, we chose medians instead of means to avoid extreme
outliers that could change the result. In addition, analysis of variance (ANOVA) with
Tukey’s post-hoc was used to compare differences between groups. The alpha level of
statistical significance was set to p < 0.05. Statistical analyses were conducted with IBM
SPSS Statistics® v. 26.

As some participants played or responded more often than others, it would be too
imprecise to compare the players’ direct play and poll results. Therefore, we rely on the
average of their responses and ratings.

3. Results

3.1. Intervention

It took six months to test the game. Starting with a small group, recruitment was
carried out continuously during the test phase. 23 out of 43 eligible individuals met the
inclusion criteria (age > 7 years, neuromuscular disorder, computer compatibility and res-
idence in Madrid area). 9 of them showed no interest in the study, leaving 14 participants:
6 female and 8 male; aged 7-21; average age 14.14 + 1,266. Table 1 contains the demo-
graphic information of these people. All of them have restricted movements of the lower
extremities, only two were able to play standing.

Table 1. Baseline Characteristics of the participants.

Subject ID Gender Age (years) Disorder Mobility
Al f 15 AMC Free walk, plays standing
A2 m 16 BMD Free walk, plays seated
A3 f 18 Em.-Dreifuss Free walk, plays standing
A4 m 18 BMD Ltd. walk, plays seated
B1 m 14 AMC Wheelchair
B2 f 17 MM Wheelchair
B3 m 18 DMD Ltd. walk, plays seated
B4 f 21 UCMD Wheelchair
C1 f 7 SMA II Wchr, 1td. arm lift
C2 m 7 SMA II Wchr, 1td. arm lift
C3 m 7 SMA II Wochr, 1td. arm lift
C4 m 14 DMD Wochr, 1td. arm lift
C5 f 15 MM Wchr, 1td. arm lift
Cé6 m 17 DMD Wochr, no arm lift

AMC = Arthrogryposis Multiplex Congenita, BMD = Becker Muscular Dystrophy, DMD = Du-
chenne Muscular Dystrophy, MM = Mitochondrial Myopathy, SMA = Spinal Muscular Atrophy,
UCMD = Ullrich Congenital Muscular Dystrophy

Table 2 shows statistics about the general use of the game and compares the initial
play time planned by the users with the final number of days and time actually played.
The “Playing period” is the time between the first and the last day the volunteer played,
not including the day of installation. “Total number of days played” counts the days the
game was used.
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Table 2. Playing statistics.

mean min max
Playing period (days)* 18.2 2.0 53.0
Total n® days played 4.4 1.0 8.0
N¢ days/week (planned) 1.9 (5.2) 1.0 (3.0) 5.3 (7.0)
Total playing time (min) 87.1 11.0 149.0
Total exercise time (min) 434 5.0 78.0
Time/day (min) (planned) 18.9 (27.5) 7.5 (15.0) 28.7 (30.0)
Exercise-time/day (min) 9.3 4.8 13.7
Rate of usage (%)** 36% 13.0% 75%

* Date of first game to date of last game played; ** Days played/playing period (mean, min and max
of 14 percentage values); Gray rows show pure exercising time (resting time in cells).

In the "pre-play survey", participants optimistically reserved an average of 5.2 days
a week with a mean playing time of 27.5 minutes (bold numbers) per session. This would
have resulted in a total playing time per week of around 2.5 hours. In fact, they only
played 1.9 days/week with an average playing time of 18.9 minutes per session. However,
these times include those moments in the game when no exercise is being performed (e.g.
moving Phiby inside the cell to the next obstacle, building a hut, catching an apple, etc.).
The detailed analysis of the timestamps shows that pure training time (highlighted in grey
in Table II) was approximately half the playing time: 43.4 minutes of exercising within
87.1 minutes of playing time, which averaged 9.5 minutes of training during 18.9 minutes
of playing time.

Based on the number of days the game was available at home, we calculated an av-
erage usage rate of 36% (this is around 2.5 days per week). One participant in group A
played the most, he used the game on 6 out of 8 day, which corresponds to a usage rate of
75%. This volunteer was one of three who completed the game by reaching the final goal
(the exit of the valley). The other two were assigned to groups A and B.

3.2. Follow-up Survey Results

Questionnaire responses were averaged for each participant to obtain a summary of
the features of the whole sample. A descriptive analysis was made for the whole group.
The six questions figuring in the follow-up survey are listed in Table 3 along with the
results.

Table 3. Answers of Follow-up Survey (Averaged per participant).

Question mean median  dev. Min/max
Q1. I had fun playing 2.8 3.0 14 0.5/4.3
Q2. I ended up tired 25 23 09 1.0/4.0
Q3. I felt satisfied 3.2 3.8 1.5 1.4/5.0
Q4. I had difficulties with movements 2.2 2.0 1.3 0.0/5.0
Q5. Time per exercise was too short 1.6 12 1.1 0.0/4.0
Q6. Target values were too high 1.9 1.6 1.5 0.0/5.0

* Rate of Likert Scale 0-5

The survey's ranking scale is based on a 6-point Likert scale from 0 (completely dis-
agree) to 5 (completely agree). Therefore, questions Q2, Q4, Q5 and Q6 must be given a
low rank to indicate positive feedback, whereas Q1 and Q3 must be given a high rank to
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indicate positive feedback. The results are generally positive since difficulties (Q2, Q4, Q5,
Q6) are rated in the lower range and "fun" and "satisfaction" (Q1, Q3) in the upper range
(between 3 and 5).

Figure 6 shows a comparison of the median values of the answers given by the three
groups. It can be observed that Group C clearly stands out: they had more fun, but also
tired more easily and had difficulties with the movements. It was also harder for them to
achieve the goals of the exercises. One participant did not answer the questionnaire due
to frustration, when the camera produced recognition problems. As we found out, this
was happening because of poor lighting conditions. However, their overall satisfaction
(Q3) was still the highest of the three groups.

5 Group
LT
L]
4
Wc

Likert Scale
N oW

Q1 Q2 Q3 Q@ Q5 Qs

Figure 6. Comparison of median follow-up survey responses for groups A (n=4), B (n=4), C (n=5,
one person did not answer).

We used the ANOVA test twice to determine if responses differed significantly be-
tween groups: once for the entire set of responses and once for the averages per user,
because the number of surveys per user was very different. In both cases, the result was a
o > 0.05 for all questions except Q6, which means that the answers were similar for all
three groups but for one exception: Q6, “goals were set too high”. Tukey's post-hoc report
showed in detail that C differs from A and B, which means that two subgroups can be
formed from A & B vs. C. This means that Group C had much more problems with the
target values than the rest of the participants.

3.3. Performance Results

As shown in Figure 7, participants in group A registered a higher number of gaming
sessions (¥ = 6.5) on average than groups B (¥ = 5) and C (¥ = 5). When examining the
individual exercises, we found that group A clearly outnumbered the others in all exer-
cises (Xcnop = 35, Xeimp = 11.5, Xgie = 33.5, Fpow =30.5) and that B (Xepep = 27,
Xetimp = 9.5, Xgiwe = 22.5, X0 = 14) did each exercise more often than group C (¥cpop =
17.5, Xciimp = 5.5, Xaiwe = 19.5, X4, = 13.5). Per session, group A completed 16 exercises
on average, group B 13 and group C 10. Climbing practiced less because it appeared less

frequently in the map.
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Figure 7. Median number of sessions and mini-games played per group.

The ANOVA test was also carried out for these results, but no significant differences
were found on any parameter studied. Figure 8 shows the relationship between successful
and unsuccessful exercises. In general, the number of mini-games won exceeds the num-
ber of the lost ones, except for group C in “Dive”. Groups A and B also had difficulties,
but they won more often than they lost.

100 Group
R 5 mA
mB
0 mC
100
* m
=50 .
0 -
100 %
X o5 o
0
100
E)
0 L

lost

Figure 8. Achievements per exercise by groups. "Win" means that the score was reached in the time
available, “lost” that the time was running out.

3.4. Post-play Survey Results

The participants ranked the exercises by popularity from 1 to 4 (mostly liked). On
average, the chopping exercise was the first choice (u = 3.4), followed by rowing (i = 2.6)
and climbing (p = 2.4), diving (i = 1.6) was by far the least popular game.

Figure 9 shows, by comparison, the perception of positive (improvement of abilities)
and negative experiences (stress) with each exercise.

In terms of skills improvement, the results are quite similar for all groups and exer-
cises. Different to this, the question to determine the stress factor was answered with a
much higher value for the diving exercise than for the others, most notably for group C.

Finally, in Table 4, we summarize some interesting comments on the overall experi-
ence.


https://doi.org/10.20944/preprints202208.0184.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 August 2022 d0i:10.20944/preprints202208.0184.v1

11 of 16

Table 4. Suggestions for future improvements.

Players:

1. Create more types of mini-games like tennis, shooting balls, flying, paragliding, danc-
ing...

Add puzzles and problems to solve.

Add rewards like points, medals etc. and levels of difficulty.

Add different movements (legs, shoulder, head, neck...).

I'would like to play with others, get a real score and a leader board.

A T i

You should improve the control, especially in the lake. Please also improve the detec-
tion of hands and arms, as these are sometimes confused with the knee or armrest of
my chair.

7. The game was too childish for me.

Parents:

8. The game is an incentive to do exercises without realizing it and having fun.
9. It should be more appropriate for his/her age.
10. Control needs to be improved to include the game in therapy.

11. We would include such a game in our child’s therapy.

| noticed how | was improving on... Group
5 mA
mB
4 mc
Z
it
o 3
t
£
32
1
0 ) .
Chop Climb Dive Row
5 Time limit made me nervous in... Group
mA
mB
© 4 Bc
3
o 3
t
<
5 2
1
0 " .
Chop Climb Dive Row

Figure 9. Achievements per exercise by groups. "Win" means that the score was reached in the time
available, “lost” that the time was running out.
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4. Discussion
4.1. Performance of the exercises “Chop”, “Climb”, “Dive”, and “Row”

The feasibility of the four virtual exercises was demonstrated in our previous study

[25] and the results obtained in the present study, which involve them in a complex game,

are similar: “Chop”, “Climb” and “Row” (which correspond to the former mini-games

“Whack-a-mole”, “The ladder” and “The boat” in [25]) performed well for all user groups

showing similar success rates.

e “Chop” was played most by all groups and produced the least stress. Group C par-
ticipants (weakest users) improved their skills most in this game.

e “Climb” was the best mastered exercise by Group B (intermediate strength).

e “Row” shows similar results as “Chop” and “Climb”, with the highest improvement
rates in Group B.

e  “Dive” corresponds to the "Paper bird" in [22]. Although the “Dive” exercise is some-
how simpler (no arm movements are needed like in “Paper bird”), similar problems
caused by the possibility to move freely around in a 3D environment. Whereas, in
the other three scenes the avatar maintains the same position. The movements re-
quired to control the avatar are complex and more difficult to learn, especially for
group C participants who are more limited due to the wheelchair’s backrest. It has
been observed that people tend to exaggerate when something does not work well,
even though the game has been adjusted to very smooth movements. This type of
physical control of virtual content is the biggest challenge for people with physical
disabilities as it must work perfectly to avoid frustration. But it is worthwhile to con-
tinue working on it because the 3D world expands the immersive experience enor-
mously.

4.2. Motivation of the players

A player's motivation and engagement in a video game can be measured using ques-
tionnaires such as those proposed by Brockmyer et al. [32] or Ijsselstein et al. [31]. We have
selected similar questions for our post-game survey and will publish detailed results,
which also analyse the usefulness of the different game mechanics, in our next article.
Nevertheless, results presented here (Table 3), show good general motivation, above all
for group C, the group that needs the most therapeutic support.

Apart from questionnaires, motivation can also be measured roughly by comparing
the time users spend playing vs. the time they planned to play. As stated in the pre-play
surveys, the volunteers wanted to reserve approximately half an hour on five weekdays
for the game. Results show that they ended up playing less than half that time: rounded,
two weekly 20-minute sessions. As people generally tend to overestimate their motiva-
tion, we do not consider this result as negative.

However, the survey shows that after some sessions, users rated Q1 (having fun) and
Q3 (feeling satisfied) lower. This could be due to a certain monotony caused by the need
to repeat the same exercises to advance in the game. In the post-game survey (Table 4) it
was stated that the game would be funnier if it offered more types of movements and
cognitive challenges.

Style and diversity are also very important to address the interests of different users.
Q1 was rated even lower if the diving exercise had to be repeated because it was not han-
dled well, which led to frustration. The greatest satisfaction was shown when the final
goal was reached (achieved by 3 participants).

When comparing the groups, it is noticeable that Group A physically fully exploited
the game, as the participants achieved the highest scores (Figure 8) and played most of
the sessions (Figure 7), even though Group B was very close. Still, Group C also has a large
benefit, as the winning scores were not too much lower, the perception of improvement
was high in all exercises but diving, and, most importantly, they said they had a lot of fun
and felt satisfied (Q1 and Q3). This is a very positive outcome, and shows that the most
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affected people probably enjoyed the game most, because of having less opportunities of
playing virtual games.
4.3. Possibilities for physiotherapeutic use

While a game is carried out, about half the time is spent doing physical exercises (the
rest of the time the character is moved around, etc.). Thus, rehabilitation exercises could
be programmed in a way such that they would be performed more frequently and over a
longer time than is possible in physiotherapy sessions. This could have a positive effect
on training as it reduces fatigue and increases the frequency of exercises throughout the
day.

4.4. General usability as a personalized exercise program

During the tests, the "Blexer-med" platform worked as expected in terms of configu-
rability and monitoring. The initial levels of difficulty were generally well-chosen as a
starting point. In some cases, the difficulty was reduced when a player's performance de-
teriorated, or he/she complained. The level of difficulty was increased when a player
made very good progress in the game and performed the exercises faster and faster. Gen-
erally, a higher level of difficulty led to increased fatigue on the same day, but in subse-
quent sessions, fatigue was again rated lower. This may indicate that the physical condi-
tion has improved, and the player has made progress. However, this must be confirmed
in future studies with suitable measurements. An interesting step would be to program
an automatic and intelligent adjustment of the degree of difficulty.

Contrary to most studies we found, our study shows results for a variety of diseases
(7 different neuromuscular diseases) with a wide range of impairments (from standing to
severe physical disabilities). We show that through motion amplification and individual
configuration of difficulties, similar performances and playing times can be achieved.

4.5. Limitations and future work

Although we tried to test the prototype on a large population, it was not easy to find
volunteers, only 53% of the people contacted (23 out of 43) met the inclusion criteria and
finally, only 14 participated. More studies with larger patient populations and unimpaired
control groups are needed to make our results more significant and reliable.

Our study could be expanded by retesting players after a period of use to see if their
skills have improved in their daily lives. A more precise measuring system than the dy-
namometer and the evaluation scale would have to be used for this. However, we have
not found a measuring instrument that is suitable for different diseases.

Moreover, although several previous studies mentioned in the introduction have
shown the suitability of the Kinect camera for these types of applications, the device has
several disadvantages: It does not provide an adequate capturing of small movements
near the body center. The presence of armrests on a wheelchair also caused the camera to
confuse them with the user’s arms. Also, small children were not always detected well
(problems in subjects C1, C2 and C3). However, some of these detection difficulties were
caused by insufficient lighting and can be avoided with the Kinect v2 (Xbox One), which
is more accurate, or even with the new Kinect Azure. We are currently developing a new
3D version of Phiby’s game on Unity and Kinect v2.

90% of the suggestions for improvements from participants and their families (Ta-
ble 4) relate to the “gaming experience”, the rest to gesture control issues. All parents con-
firmed that they would like to integrate an exercises game in their child’s therapy. This
shows that the way is well chosen to combine personalized therapeutic exercise tools with
gameplay ingredients such as immersion and flow.

5. Conclusions

This paper presents the first extensive tests of our exergame “Phiby’s Adventures”,
which to the best of our knowledge is the first complex full-play exergame (in comparison
to mini-games) configurable through a therapeutic web platform.
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The aim of this study is twofold: on one hand, we want to present an example of how
to integrate different physical exercises into a large gaming environment, which involves
game mechanics that engage the user and make them forget the effort of physical training.

On the other hand, we want to show that the game is suitable and of use for players
with very different physical conditions. Other researchers have shown that it is possible
for different user groups to play and exercise together. But as People with NMD pass
through different states of limitations in their lives, due to their progressive disorder, they
need mechanics adapting to their respective state. This is resolved here through the adap-
tive adjustments of difficulty. Furthermore, NMD patients are mostly young people, who
are more likely to play games than the elderly and therefore present an easily accessible
group of users for VRR games.

The first aim has been reached: We have created a coherent map as an environment
to link existing exercises. This enables a controlled repetition of different rehabilitative
movements, which can be configured for each player at a distance by the therapist. Fur-
thermore, the game character must work on several tasks and solve problems on its way
to achieve a larger goal. This is enhancing motivation and engagement. Nevertheless, a
bigger variety of exercises, more cognitive challenges and further game elements are
claimed by the test persons to make the game even more interesting and appealing.

Regarding the differently affected users of our test group, we could see obvious dif-
ferences in subgroups A (best physical condition), B (moderately affected) and C (severe
disabilities). Group A performed best, but group B showed greater benefits due to the
adjustability and personal configurations, which are not available in commercial exer-
games. Group C had some problems with technical limitations due to the failing camera
accuracy in poor light conditions, which led to frustration and reduced gaming time, but
they were the ones who enjoyed playing most.

Based on these positive findings, we recommend paying more attention to specific
game-design when developing exergames, since it is the basis to achieve better player
involvement. We proposed an adventure game, but there is a variety of genres that also
motivate gamers, as car racing, shooters, dance moves etc. They can captivate the attention
of a user with these interests and thus motivate to play and exercise more. In this way,
they would especially facilitate the process of rehabilitation of young people with differ-
ent types of pathologies, since they are more eager to play.

6. Patents

The game and the Blexer environment lead to several registrations of intellectual
property for software with the following entry numbers: Blexer-med web platform
16/2019/1687; Middleware Chiro 16/2019/1576; Phiby’s Adventures 16/2019/871.

Author Contributions: Conceptualization, M.E. and A.A.; methodology, M.E.; software, others; val-
idation, M.E., A.A, M.LRM. and V. O,; formal analysis, A.A.; investigation, M.E.; data curation,
A.A.; writing—original draft preparation, M.E and A.A.; writing—review and editing, M.L.R.M.
and V. O. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Spanish and European Social Funding Committee pro-
vided through the Europe 2020 program for employment of young people (Ref. PEJD-2017-
PRE/TIC-4825. The APC was funded by Universidad Politécnica de Madrid.

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki, and approved by the Institutional Ethics Committee of Universidad Politécnica de
Madrid (31.01.2018).

Informed Consent Statement: Informed consent was obtained from all subjects (or their legal rep-
resentatives) involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy issues.


https://doi.org/10.20944/preprints202208.0184.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 August 2022 d0i:10.20944/preprints202208.0184.v1

150f 16

Acknowledgments: We thank all the participants for their commitment and the parents of the mi-
nors for their consent.

Conflicts of Interest: Declare conflicts of interest or state “The authors declare no conflict of inter-
est.”

References

1. S.S. Esfahlani et al., “ReHabgame: A non-immersive virtual reality rehabilitation system with applications in neurosci-
ence,” Heliyon, vol. 4, no. 2, e00526, 2018.

2. M. Ortiz-Catalan et al., “Virtual reality”, in: Emerging Therapies in Neurorehabilitation, New York: Springer, 2014, pp.249-
265.

3. B. Bonnechere et al., “Can serious games be incorporated with conventional treatment of children with cerebral palsy? A
review,” Research in developmental disabilities, vol. 35, no 8, p. 1899-1913, 2014.

4. M. C. Howard, “A meta-analysis and systematic literature review of virtual reality rehabilitation programs,” Computers
in Human Behavior, vol. 70, p. 317-327, 2017.

5. 5.M.Pool et al., “Navigation of a virtual exercise environment with Microsoft Kinect by people post-stroke or with cerebral
palsy”, Assistive Technology, vol. 28, no. 4, pp. 225-232, 2016.

6. N.J.Seoetal., “Usability evaluation of low-cost virtual reality hand and arm rehabilitation games”, Journal of rehabilitation
research and development, vol. 53, no. 3, pp. 321-334, 2016.

7. ].Jonsdottir et al., “Serious games for arm rehabilitation of persons with multiple sclerosis. A randomized controlled pilot
study,” Multiple sclerosis and related disorders, vol. 19, p. 25-29, 2018.

8. M. Trombetta et al., “Motion rehab AVE 3D: a VR-based exergame for post-stroke rehabilitation,” Computer methods and
programs in biomedicine, vol. 151, pp. 15-20, 2017.

9. FE.R.Camara Machado, P. Pereira Antunes, J. de Moura Souza, A. Cardoso dos Santos, D. Centenaro Levandowski, and A.
Alves de Oliveira, “Motor Improvement Using Motion Sensing Game Devices for Cerebral Palsy Rehabilitation”, Journal
of Motor Behavior, 49:3, 273-280, 2017.

10. L. Luna-Oliva, R. M. Ortiz-Gutiérrez, R. Cano-de la Cuerda, R. Martinez Piédrola, I. M. Alguacil-Diego, C. Sanchez-
Camarero, M. Martinez Culebras, “Kinect Xbox 360 as a therapeutic modality for children with cerebral palsy in a school
environment: A preliminary study”, NeuroRehabilitation, vol. 33, no. 4, pp. 513-521, 2013.

11. J. Lorentzen et al., “Twenty weeks of home-based interactive training of children with cerebral palsy improves functional
abilities,” BMC neurology, vol.15, no.75 pp.1-12, 2015.

12. S. James et al., “Randomized controlled trial of web-based multimodal therapy for unilateral cerebral palsy to improve
occupational performance,” Developmental Medicine & Child Neurology, vol. 57, no. 6, pp. 530-538, 2015.

13. Z.S. de Urturi, A. M. Zorilla, and B. G. Zapirain, “JeWheels: kinect based serious game aimed at wheelchair users,” in
Ambient Assisted Living and Home Care, J. Bravo, R. Hervas, and M. Rodriguez, Eds., pp. 391-398, Springer, Berlin, Ger-
many, 2012.

14. B. Galna et al., “Retraining function in people with Parkinson’s disease using the Microsoft Kinect: game design and pilot
testing,” J. Neuroeng. Rehabil., vol. 11, no. 60, 2014.

15. M. Pirovano, R. Mainetti, G. Baud-Bovy, P. L. Lanzi, and N. A. Borghese, “Intelligent Game Engine for Rehabilitation
(IGER)”, IEEE Transactions on Computational Intelligence and Al in Games, vol 8, no. 1, March 2016.

16. MIRA Rehab, [Online] Available: http://www.mirarehab.com

17.  Evolv, VirtualRehab Body - A suite of therapy modules for upper and lower extremity rehabilitation, [Online] Available:
https://evolvrehab.com/virtualrehab/

18. REHABILITY - Rehabilitation Games co-designed with patients, [Online] Available: http://www.rehability.me

19. MITII - ,Move it to improve it”, [Online] Available: https://mitii.com/english/

20. M. Mihelj et al., "Virtual Rehabilitation Environment Using Principles of Intrinsic Motivation and Game Design", Presence-
Teleoperators and Virtual Environments, vol. 21, n. 1 pp: 1-15, 2012

21. L. Zimmerli et al., "Increasing patient engagement during virtual reality-based motor rehabilitation”, Arch Phys Med Re-
habil., 94(9):1737-46, 2013.

22. M. Gorsic et al.,, "A multisession evaluation of an adaptive competitive arm rehabilitation game", Journal of NeuroEngi-
neering and Rehabilitation, 2017.

23. M. Gorsic et al., "Comparison of two difficulty adaptation strategies for competitive arm rehabilitation exercises”, IEEE Int
Conf Rehabil Robot., July 2017, pp. 640-645.

24. M. Eckert et al., “The Blexer system — Adaptive full play therapeutic exergames with web-based supervision for people
with motor dysfunctionalities,” EAI Endorsed Transactions on Serious Games, vol. 5, no. 16, 2018.

25. M. Eckert, I. Gémez-Martinho, J. Meneses, and ].F. Martinez, “New Approaches to Exciting Exergame-Experiences for Peo-
ple with Motor Function Impairments,” Sensors, vol. 17, no. 2, 2017.


https://doi.org/10.20944/preprints202208.0184.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 August 2022 d0i:10.20944/preprints202208.0184.v1

16 of 16

26. M. Eckert, M. Jiménez, M-L. Martin-Ruiz, J. Meneses and L. Salgado, “Blexer-med — A medical web platform for adminis-
trating full play therapeutic Exergames”, 3rd EAI International Conference on Smart Objects and Technologies for Social
Good, Pisa, Italy, Nov 29-30, 2018.

27. M. Eckert, I. Gomez-Martinho, ]. Meneses, and J.F. Martinez, “A modular middleware approach for exergaming,” IEEE Int.
Conf. on Cons. Elect., Berlin, 2016, pp. 172-176.

28. L. Daniels and C. Worthingham, C., Muscle Testing Technique of Manual Examination, 5th ed. Philadelphia: WB Saunders
Co, 1986.

29. F.I. Mahoney and D. Barthel, Functional evaluation: The Barthel Index. Maryland State Medical Journal, vol. 14, pp. 56-61,
1965;

30. J.Brooke et al., “SUS-A quick and dirty usability scale,” Usability evaluation in industry, vol. 189, no. 194, pp. 4-7, 1996.

31. W. Al Jjsselsteijn, Y. A. W. De Kort, and K. Poels, The game experience questionnaire, Eindhoven: Technische Universiteit
Eindhoven, 2013.

32. J. H. Brockmyer et al., “The development of the Game Engagement Questionnaire: A measure of engagement in video
game-playing”, Journal of Experimental Social Psychology, vol. 45, pp. 624-634, 2009.


https://doi.org/10.20944/preprints202208.0184.v1

