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Abstract. Individuals with Down Syndrome (DS) have delays in the develop-
ment of motor function associated with impairments including difficulty with
precise movements of limbs, poor balance, and poor visual-motor coordination. It
has been reported that children and adolescents with DSmight present differences
in terms of visual-motor coordination skills, task persistence, emotional expres-
sions, among others. Exergames have the potential to support motor coordination
as they combine physical exercise with gaming technology. However, little has
been said about the game experience of individuals with DS playing exergames.
This work presents the results of an exploratory study of 10 individuals with DS
playing a commercial exergame. Our results show a significant difference between
children and adolescents in terms of task-efficacy, selective attention, and
prompts. Finally, we discuss our results and the implications for designing exer-
games to support motor coordination of people with DS.
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1 Introduction

Down Syndrome (DS) is a chromosomal disorder caused by the presence of an extra
chromosome, occurring in approximately 1 in 700 births [1]. Children with DS show
relative delays when compared to typically developing children of the same chrono-
logical age, move through stages of development more slowly, and exhibit more
within-group variability than typically developing children [2]. Particularly, children
with DS have delays in development of motor function associated with impairments
including difficulty with precise movements of limbs (e.g., stepping over a stick while
on a balance beam), low muscle tone, poor postural control, poor balance, poor visual-
motor coordination and poor visual-spatial perception skills, and, for some children,
congenital heart disease, and obesity [3]. These deficits in motor development might be
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of particular importance for occupational performance in school, daily living, play, and
performance in other areas of occupation [4].

It has been demonstrated that play is an important facilitator and an important
means for the development of cognitive and motor skills [5]. In addition, several
studies have shown that videogames are adequate tools for supporting skills in different
areas of development (e.g., cognitive, social, motor) [6]. Exergames, videogames that
require physical exercise by players as input to control the game, have the potential to
support motor skills of different populations such as older adults [7] and individuals
with cerebral palsy [8]. However, little has been said about the player experience of
individuals with DS playing exergames to support motor coordination. In this work, we
aim at exploring the use of a commercially available exergame in individuals with DS.
In particular, we aim at understanding the differences between children and adolescents
with DS, since it has been reported that young children with DS show lower levels of
task persistence and higher levels of off-task behavior, interfering with task completion,
when compared to adolescents or young adults with DS [9]. On the other hand, in [9,
10], they show that young children with DS are more likely to ask for help, when faced
challenging tasks, compared with typically developing children.

Additionally, other studies have found relative strengths in visual-spatial perception
skills such as visual memory and visual-motor coordination in older children and
young adults when compared to other skills (e.g., verbal processing skills) [11]. In
terms of emotional expressions, studies have shown that older individuals with DS
show relative strengths in nonverbal communication (e.g., facial expressions, gestures
and eye contact) [12]. However, other studies have shown that children with DS may
also send more positive emotional signals than other children with mental retardation.
In one study, 5- to 12-year-old children with DS smiled more frequently than children
with other intellectual disabilities, although smile frequency changed as individuals
with DS approached adulthood [13]. Although there are studies that show that indi-
viduals with DS commonly play videogames (e.g., 90% of 21 individuals with DS
[14]), differences in game experience between children and adolescents with DS have
not been extensively reported. A study with five children with DS between 6 and 12
years old [15] shows that older children (*12 years old) found some scenarios very
childish when compared to young children.

In this work, ten individuals with DS, 5 children and 5 adolescents, played a
Kinect-based exergame designed to support motor coordination skills such as
visual-motor coordination and visual-spatial perception. Our results show a significant
difference between children and adolescents in terms of task efficacy (i.e., the rate of
successful attempts to complete the tasks asked by the exergame), selective attention
(i.e., the capability to focus on the exergame ignoring competing distractions), and
prompts required to play the exergame. No significant differences were found in
children and adults in terms of on-task behavior (i.e., the capability to focus on the
exergame), positive emotional expressions, and game experience. These results show
that exergames might have the potential to support motor coordination of individuals
with DS, but important considerations should be made in terms of the design of
exergames for children or adolescents with DS.
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2 Related Work

There are several studies that use exergames for supporting motor coordination of
individuals with special needs such as older adults [16], cerebral palsy [17] and autism
[18]. Few studies have investigated the use of exergames in individuals with DS.
A systematic review of the use of exergames in children with neuromotor dysfunction
[19] presents only two studies including individuals with DS, both used the Wii gaming
technology. The work of [20] presents the effectiveness of a virtual reality (VR) system
using the Wii gaming technology when compared to traditional therapy. 105 children
between 7 and 12 years old were assigned to Wii-based therapy and 50 to traditional
therapy. The results suggest that VR using the Wii gaming technology shows benefit in
improving sensorimotor functions among children with DS when compared to tradi-
tional therapy. In [21], it is shown that the efficacy of a 2-month Wii-based therapy in
18- to 60-year-old adults with DS. The results suggest that Wii-based therapy can be an
effective tool to improve physical fitness, functional mobility, and motor proficiency in
adults with DS, including crucial measures such as aerobic capacity and lower limb
strength. Also, in [22], the authors present a virtual system for upper limbs rehabili-
tation in children using a haptic device and Oculus Rift. Using the system, children
perform hand rehabilitation exercises such as extension and flexion of wrist and finger
pinch. The system was evaluated through a usability study with four children with DS
(between 9 and 12 years old). The system was positively rated for rehabilitation, felt
immersed, and enjoyed the game.

The related work shows the outcomes of using exergames based on Wii gaming
technology and haptic devices in children and adults with DS. However, to the best of
our knowledge, little has been said about the use of exergames that use only body
movements (e.g., upper-limb movements) beyond fingers on handheld devices (e.g.,
Wii mote) such as Kinect-based exergames in individuals with DS. Kinect-based
exergames could elicit a different player experience in this population. Although
several studies have shown differences between children and adolescents with DS in
terms of task persistence, off-task behavior, level of required help to complete a task,
among others [9–12], the literature shows that none of the studies presents differences
between children and adolescents with DS playing exergames.

3 Methods

We have been working closely with an institute for intervention and education for
individuals with DS, partially funded by a non-profit NGO, located in a mid-size city of
Northwest, Mexico. We carried out a quasi-experiment, in which ten individuals with
DS were recruited to play an exergame in a controlled setting.

Participants. We recruited 10 individuals with DS between 6 and 14 years old (AVG
age = 10.9 years, ±2.9 years, 5 males), including 5 children (AVG age = 8.4 years,
±1.7 years, 2 males) and 5 adolescents (AVG age = 13.4 years, ±0.9 years, 3 males).
Nine of the participants had previous experience with computer games such as puzzles
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and crosswords. However, only one participant had previous experience playing
exergames (i.e., Kinect adventures).

Variables. The variables we are interested in studying are:

– Independent variables. Chronological age: Children (<=10) vs. Adolescents (>10)
– Dependent variables. Efficacy (%: successful attempts/total attempts), emotional

expressions (%: positive expressions time/total time), attention (%: on-task
time/total time), on-task attention (%: selective attention time/on-task attention
total time), prompts (%: prompting time/total time), Game experience (N: ratings of
perceived game experience through the Game Experience Questionnaire [23]).

Hypotheses. Based on previous knowledge from the literature, we propose six
hypotheses we are interested in. H1 to H5 are related to differences in children and
adolescents with DS in terms of task persistence [9] (H1), off-task behavior [9, 11] (H3,
H4), level of required help to complete a task [9, 10] (H5) and emotional expression
[12, 13] (H2). H6 is related to the experience of individuals with DS playing video-
games [14, 15], specifically exergames [20–22], as it has been reported that individuals
with DS have successfully played videogames and Wii-based exergames, but differ-
ences between children and adolescents with DS when playing videogames and
exergames have yet to be studied.

– H1. Efficacy: The proportion of successful attempts will be significantly higher in
adolescents than in children with DS.

– H2. Emotional expressions: The proportion of positive emotional expressions will
be significantly higher in children than in adolescents with DS.

– H3. Attention: The proportion of time for on-task attention will be significantly
higher in adolescents than in children with DS.

– H4. On-task attention: The proportion of time for selective attention will be sig-
nificantly higher in adolescents than in children with DS.

– H5. Prompts: The proportion of time spent on prompting will be significantly
higher in children than in adolescents with DS.

– H6. Game experience: There will be no difference in the perceived rating of game
experience between children and adolescents with DS.

3.1 Instruments

Kinect Monsters exergame. We used the commercially-available exergame Kinect
Monsters (KM). KM is a videogame to support neuro-rehabilitation, mainly for chil-
dren. Players must feed monsters following a black line (i.e., pattern) (see Fig. 1).
Using their hand, participants can move and pick up a fruit by positioning the cursor
over it. Once the fruit has been picked up, the cursor fades away, and the fruit is
directly controlled by the player’s hand. If the player is unable to follow the line, the
player must start again. Once the player has successfully taken the fruit to the monster,
the word “Good” is shown, and another fruit is randomly shown. KM uses Kinect to
track players’ movements, thus no additional on-body sensors are needed.
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Game Experience Questionnaire. To measure the game experience of our partici-
pants, we used the in-game module of the Game Experience Questionnaire (GEQ) [23].
The GEQ was answered by a proxy (therapist).

Screen recorders. All on-screen events were recorded for task completion analysis
(i.e., successful vs. failed attempts).

Video cameras. Two video cameras (front and rear) were used to record participants.

BORIS. We used BORIS [24] to facilitate video coding and analysis.

3.2 Research Procedure

During the sessions, a therapist and the participants’ parents were present at all time.
The configuration of data collection was as follows:

– Stage 1: Pre-play (5 min). We collected demographics and consent forms signed
by the participants’ parents.

– Stage 2: Play (~5 min). The therapist instructed participants on how to play KM,
before proceeding to play. Instructions to participants included how they should
move their arms, where to step on (i.e., we drew a square on the floor), open their
hands to grab a fruit, and the like. The aim was to feed 5 monsters or play for 5 min.
non-stop, whatever happened first. If a participant was unable to complete at least
one task (e.g., feed a monster) within 5 min., the game was stopped.

– Stage 3: GEQ (5 min). The GEQ was applied to each participant in a structured
fashion, i.e., the therapist was asking the questions and filling out the electronic
forms designed for collecting data. In the case of low functioning students, the
therapist worked as a proxy answering the GEQ; otherwise, participants answered it
themselves.

3.3 Data Collection

Participants’ performance was collected by non-participant observation during the
exergame sessions. In each session, three members of the research team were involved,
one therapist, and the participants. The therapist was the only one who interacted with
the participants. The sessions were carried out at the lab, as per request of the institute

Fig. 1. (a) KM’s interface. Source: kinectfordevelopers.com. (b) A participant playing KM.
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we are collaborating with. Total effective game play time collected includes: Front-
facing camera (42:31 min.) and rear-facing camera (42:30 min.).

3.4 Data Analysis

For the analysis, we created a coding scheme based on the literature that included
prompts: physical, verbal, gestural, and modeling, or a combination of any of those;
emotional expressions: positive and negative [25]; attention: on-task (selective, divi-
ded), and off-task [26]; attempt outcome: successful or failed. The coding process was
independently carried out by two of the authors. Before coding the whole set of videos,
coders refined the schema and criteria with a pilot test in the same conditions. This pilot
coding session was collaboratively carried out by the coders. In the end, all differences
in coding were discussed by the coders. Videos were replayed as needed. Coders
compared their initial set of codes to the final (agreed) one. Accuracy was: 99.6, 94.0,
84.5% for attention, prompts, and emotional expressions respectively for the first coder;
and 95.9, 86.7, 78.2% for the second coder. Aggregate accuracy per coder was 94.9%
for the first, and 89.6% for the second one.

To determine if there is a significant difference between children and adolescents,
we used an independent t test, since our data presented a parametric distribution. The
normality of the data was calculated using a Shapiro-Wilk test. Equality of variances
was not assumed in the data.

4 Results

In this section, we present the results obtained in the experiments. Our results are
organized by dependent variables. Table 1 shows a summary of our results.

Efficacy. Efficacy was the proportion of successful attempts per participant. Some
participants performed all five attempts, while some other managed to perform fewer
attempts. The proportion of successful attempts was significantly higher for adolescents
(mean = 0.93) than for children (mean = 0.52). The mean difference was 0.41. An
independent t-test showed that the difference between conditions was significant
(t = −2.7608, df = 5.8317, p-value = 0.0169, one-tailed). Thus, H1 was accepted.

Table 1. Performance by participants by dependent variables

Children Adolescents Sig.
AVG (SD) Min Max AVG (SD) Min Max

Successful attempts (%) 0.52 (0.30) 0.00 0.75 0.93 (0.15) 0.67 1.00 *
Pos. emo. expressions (%) 0.20 (0.19) 0.01 0.48 0.03 (0.03) 0.00 0.08
Attention (%) 0.93 (0.11) 0.73 100 1.00 (0.00) 1.00 1.00
Selective attention (%) 0.82 (0.04) 0.77 0.86 0.97 (0.4) 0.90 1.00 ***
Prompts (%) 0.23 (0.15) 0.11 0.48 0.08 (0.05) 0.03 0.16 *
Game exp. (score) 2.09 (0.49) 1.36 2.64 2.27 (0.33) 1.86 2.64

Significance: * p < 0.05, ** p < 0.01, *** p < 0.001
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Emotional expression. We computed the aggregated time spent in which positive
emotional expressions were shown by the participants and divided by the total time of
the session per participant. The percentage of time in positive emotional expressions
was higher for children (20%, SD = 19%) than for adolescents (3%, SD = 3%). The
mean difference was 17%. An independent t-test showed that the difference between
conditions was not significant (t = 1.9679, df = 4.2469, p-value = 0.05817,
one-tailed). Thus, H2 was rejected.

Attention. We computed the total time in focusing participants’ attention on the
requested task (i.e., playing the exergame) vs. being off-task. Adolescents were able to
maintain 100% (SD = 0%) their attention on-task, while the percentage of children was
lower (93%, SD = 11%). The mean difference was 7%. An independent t-test showed
that the difference between conditions was not significant (t = −1.4486, df = 4,
p-value = 0.1105, one-tailed). Thus, H3 was not supported by our data.

Selective attention. Attention on-task was divided into selective attention and divided
attention. Selective attention means that participants can be completely focused on the
requested task. The proportion of time spent in selective attention was significantly
higher for adolescents (97%, SD = 4%) than for children (82%, SD = 4%). The mean
difference was 15%. An independent t-test showed that the difference between con-
ditions was significant (t = −5.4385, df = 7.9819, p-value = 0.0003109, one-tailed).
Thus, H4 was accepted.

Prompts. The proportion of time in which the therapist was prompting the participants
was computed per participant. The proportion of prompts was significantly higher for
children (23%, SD = 15%) than for adolescents (8%, SD = 5%). The mean difference
was 15%. An independent t-test showed that the difference between conditions was
significant (t = −2.0539, df = 5.0207, p-value = 0.04747, one-tailed). Thus, H5 was
accepted.

Game experience. In Table 2, we present the seven dimensions of the GEQ. The
perceived game experience score obtained was higher for adolescents (2.27, SD = 0.33)
than for children (2.09, SD = 0.49). The mean difference was 0.18. An independent

Table 2. Average and standard deviation of the GEQ results by dimensions (Min = 0, Max = 4)

Competence Immersion Flow Tension Challenge (−) Affect (+) Affect

Children
AVG 2.90 3.00 0.60 0.30 3.50 0.60 3.70
SD 1.39 0.94 0.42 0.45 0.87 0.89 0.67
Adolescents
AVG 3.13 3.63 1.38 0.25 3.25 0.25 4.00
SD 0.85 0.48 0.25 0.50 0.96 0.50 0.00
Overall
AVG 3.29 3.17 0.83 0.28 3.22 0.56 3.83
SD 1.20 0.75 0.61 0.44 0.87 0.88 0.50
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t-test showed that the difference between conditions was not significant (t = 0.52345,
df = 5.6273, p-value = 0.6206, two-tailed). Thus, the null hypothesis H6 was accepted.

5 Discussion

Our results show that, for the purposes of education and therapies of any kind, there are
aspects that need to be taken into consideration when using exergames with children
and adolescents with DS, as significant differences were found in efficacy, selective
attention, and prompting between them. Our results indicate that our participants who
were older than 10 years were more focused on the task they were working on, which
could also result in a higher proportion of successful attempts. On the other hand, our
participants who were 10 years old or younger needed considerably more prompting by
the therapist. Both of these aspects may have practical implications not only for the
design of much more considerate exergames (e.g., if the player is a child, the exergame
should provide different kinds of prompts such as visual and verbal ones, including a
step-by-step guide when children face challenges during the gameplay), but also in the
time invested in each of these children per session.

We found no difference in game experience between children and adolescents,
meaning that, regardless the age, individuals with DS can have similar experiences.
Regarding game experience, our adolescent participants felt more competent and
skillful, which was understandable since their proportion of successful attempts was
higher. Since adolescents were more focused on the tasks, they also reported higher
levels of immersion than children, meaning that they were really interested in the game.
Although slightly higher in children, tension or frustration was minimal for both
groups, younger participants showed more positive expressions. Finally, positive and
negative affect were generally perceived better for adolescents than for children, but no
significant differences were found.

From our observations, those participants who were not able to complete the whole
set of attempts did not show any sign of frustration or irritation when an audio was
played warning of the end of the game. Also, when adolescents could not successfully
complete an attempt, they looked for alternate ways to complete it. This was not the
case of children, who often kept performing the same movements, even if the previous
ones were not successful. The latter, we believe, could be related to the developmental
age of the participants, which tend to be more developed in individuals with higher
chronological age. Finally, in terms of the area (i.e., a drawn square) where participants
were supposed to stand on, adolescents tended to stay within boundaries, whereas
children were generally less aware of this area, resulting in challenging tracking. This
could indicate that for the design of exergames for children with DS, tracking should
consider that children might not be able to stay in the same area for long time intervals,
tracking children’s limbs, without needing to stay in one place.

The main limitation of our study was the sample size since it was rather small. Still,
sample size is comparable to those found in the literature. We need much more con-
trolled studies with a higher number of participants to present conclusive findings.
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6 Conclusions and Future Work

We presented a study with individuals with DS, in which participants played an
exergame in a controlled setting, accompanied by a therapist. Our results indicate that
there are several aspects that merit careful consideration when working with this
population. First, adolescents tend to be much more focused on the tasks, which yield
higher proportion of successful attempts. Also, selective attention was significantly
higher in adolescents than in children. Regarding therapist prompting, children seem to
need more of those, meaning that this requires a presumably higher effort from the
therapist. However, neither of those factors affected the overall game experience of the
participants. Future work includes working closely with the institute for carrying much
more focused experiments (e.g., different types of games), which can help them take
decisions in terms of therapies and educational strategies.
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