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Summary
Background. The purpose of the study is to evaluate the effectiveness of a selected special education
method on the level of physical activity in schoolchildren with intellectual disability.
Material and methods. The study was conducted on 32 children with rather similar backgrounds: all
participants were Armenians with no medical history of any registered disorders and the same moderate
degree of intellectual disability (1Q score = 35-49). A physical education program based on two games using
the Picture Exchange Communication System (PECS) was conducted for three months by a physical educator
trained in PECS. The level of habitual physical activity before and after the study period was assessed by the
Physical Activity Questionnaire for children (PAIC-A) and pedometry (Omron HJ-112, Illinois, USA). Two-
way ANOVA (intellectual disability x intervention) with a post hoc Bonferroni test was used to examine the
differences between the pre- and post-intervention physical activity and pedometry assessment results.
Results. The use of PECS resulted in an overall increase in the levels of physical activity. The results showed
a significant group-by-time interaction effect for unstructured physical activity, structured exercise,
organized sports, commuting to and from school, and total sedentary activities (all measured in min/week;
p<0.05). Post hoc comparisons revealed a remarkable improvement in PAIC-A and pedometry scores in the
intervention group (p<0.05).
Conclusions. Technologies for developing communication skills are an option to increase the physical
activity of children with intellectual disability. Enhanced working memory facilitates improved executive
motor functions.

Keywords: visual cueing, special education, learning disability, physical activity

Streszczenie
Wprowadzenie. Celem pracy jest ocena skuteczno$ci wybranej metody ksztatcenia specjalnego na poziom
aktywnosci fizycznej u dzieci w wieku szkolnym z niepetnosprawnoscia intelektualna.
Material i metody. Badaniem objeto 32 dzieci o do$¢ podobnym pochodzeniu: wszystkie byty Ormianami,
bez historii medycznej jakichkolwiek zarejestrowanych zaburzen i z takim samym umiarkowanym
stopniem niepetnosprawnosci intelektualnej (wynik ilorazu inteligencji, IQ = 35-49). Program wychowania
fizycznego oparty na dwdéch grach wykorzystujacych Picture Exchange Communication System (PECS) byt
prowadzony przez trzy miesigce przez pedagoga wychowania fizycznego przeszkolonego w zakresie PECS.
Poziom nawykowej aktywno$ci fizycznej przed i po okresie badania oceniano za pomocg kwestionariusza
aktywnosci fizycznej dla dzieci (PAIC-A) oraz pomiaru liczby krokéw (Omron HJ-112, Illinois, USA).
Dwukierunkowa analiza wariancji ANOVA (niepetnosprawno$¢ intelektualna x interwencja) z testem
post hoc Bonferroniego zostata wykorzystana do zbadania réznic miedzy aktywnoscig fizyczng przed i po
interwencji oraz wynikami oceny liczby krokéow.
Wyniki. Zastosowanie PECS spowodowato ogélny wzrost poziomu aktywnosci fizycznej. Wyniki
wykazaty istotny efekt interakcji miedzy grupa a czasem dla nieustrukturyzowanej aktywnosci fizycznej,
ustrukturyzowanych ¢wiczen, zorganizowanego sportu, dojazdéw do i ze szkoly oraz catkowitej
aktywnosci sedenteryjnej (wszystkie mierzone w min/tydzien; p<0,05). Poréwnania post hoc wykazaty
znaczng poprawe wynikéw PAIC-A i pomiaru liczby krokéw w grupie interwencji (p<0,05).
Whioski. Technologie rozwijajace umiejetnosci komunikacyjne stanowia opcje zwiekszenia aktywnosci
fizycznej dzieci z niepelnosprawno$cia intelektualna. Poprawiona pamieé¢ robocza utatwia poprawe
wykonawczych funkcji motorycznych.

Stowa kluczowe: bodzce wizualne, edukacja specjalna, trudno$ci w nauce, aktywno$¢ fizyczna
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Introduction

Children with intellectual disabilities (ID) experience a variety of challenges in education. The social
future of these children greatly depends on how they experience their early school years, which can affect the
emotional, mental, and social development of these children. Children benefit greatly from a supportive learning
environment and such support can lead to personal development and can enhance the emotional benefits of
early childhood education. The inclusion of such children in schools and preschool institutions provides an
opportunity to realize the full potential of intellectual as well as physical development [1,2]. The concept of
inclusion in the education system encompasses all aspects of special education (including physical education).
The communication delay in children with ID canlead to problems for their physical education. These children are
unable to follow classroom procedures or to choose appropriate equipment for physical education classes. They
have difficulties interacting with other children or participating in classroom discussions. In comparison with
children with motor disorders, these children do not avoid contact but do have difficulties with communication,
conditioned by their ID or lack of language skills [3,4].

Therefore, an attempt to use a tool for developing communication skills may have a cross-influence on
communication and overall physical activity level. Literature reviews conducted by our research group and
others have indicated that behavioral interventions can increase physical activity in youths with intellectual
disability [5,6]. In addition to behavioral interventions, the approaches using communication therapy can yield
similar cross-efficacy for communication and physical activity. This concept has not been discussed or presented
in the literature on the subject.

Giventhatnon-verbal,alternativemethodsofcommunication-especiallythePicture Exchange Communication
System (PECS) - have been widely used in communication therapy over the last few years, we have applied PECS
in our study as a method for developing communication skills with visual cueing. This methodology was used
on people of different ages with communication difficulties of various etiologies. In communication therapy,
augmentative and alternative communication (AAC) tools are generally divided into two categories: low-tech
and high-tech. Low-tech AAC comprises tools and strategies that do not involve electronics and do not require
batteries. Examples of low-tech AAC are PECS, symbol charts, communication boards, communication books,
etc. [7,8]. Today, PECS is successfully used in many countries [9-14]. The primary goal of this methodology is the
development of functional communication skills, speech initiative, and spontaneous speech formation. With the
help of PECS, the child learns to express wishes, thoughts, and - in time - emotions. In the PECS methodology,
the pictures are not used in the traditional way: the child (or their partner) does not describe them, but instead
forms a sentence and a story with the help of the pictures [15-18]. Whereas other, alternative communication
systems (picture cards and activity schedules) rely on the teacher to initiate the communication, the advantage
of PECS is that it does not simply use visual aids as the basis for communication, but initiates communication
from the perspective of the nonverbal participant. This forces the students to interact with their peers and to be
aware of their environment.

Additionally, individuals with ID have shown remarkable contextual facilitation of task performance in
experiments with visual cueing; the level of facilitation was shown to be identical to that of the children with
normal development scores [19]. PECS used as a visual cueing system may facilitate motor task performance in
children with ID, as they do not exhibit a lack of facilitation in visual cueing models. Leah Ketcheson et al. have
reported the positive effects of early motor skill intervention and increased physical activity on socialization
outcomes in young children [20]. PECS could be an effective tool to not only improve communication in these
children, but also increase their level of physical activity and enhance their socialization. Adults or adolescents
with ID typically have participated in physical or cognitive therapy intervention programs and may have
different baseline levels due to these interventions. To decrease the impact of confounding factors in our study,
we restricted the age of the participants to 6-8 years.

Furthermore, the application of PECS in physical education not only supports student communication and
self-determination, but also improves adaptive behaviors, increases the level of community engagement, and
improves the quality of life [21-28]. A physical education teacher needs to complete a special training course
in PECS, taught by an experienced professional [21,25]. They need to plan specific activities for students with
ID. They are recommended to have an additional staff person available [21] when using PECS (phases I and II).
The physical educator needs reinforcers (determining items of the physical education environment) and must
prepare pictures of items within their environment. The use of PECS is not independent of the other teachers, but
requires collaboration between them and the special educators.

The goal of the study is to determine the effects of PECS intervention in 6-8-year-old children with ID, as both
an environmental language intervention strategy and a method to increase the level of physical activity. PECS
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could be an effective tool to increase the working memory of these children, thereby increasing their overall
physical activity and facilitating socialization.

Material and methods
Participants

Thirty-two children (6-8 years old) with ID were involved in the study. They were divided into two groups:
intervention and control. The sample size was not large, as we followed a list of criteria for the inclusion in
the study. The two groups were equivalent in terms of their ID. The background of these children was rather
similar and was based on the inclusion criteria: all of them were citizens of Armenia, their medical histories
did not contain any registered disorders, they had the same moderate degree of ID (IQ score = 35-49) [29],
they were able to independently follow an exercise intervention, and they had attended structured physical
education classes in the previous three months. The children with ID were excluded from the study if they had
other comorbidities (neurological, cardiac, respiratory, or musculoskeletal), had experienced a trauma in the
previous six months, had significant cognitive impairment (or psychiatric conditions), or if they have taken part
in any behavioral, physical or other type of therapies.

The intervention group (n=16) was matched with control group members (n=16) according to age, gender,
body mass index (<85th percentile), language dominance in the family, and connected speech level. In the
physical education class where the controls were involved, the educator tried to engage the children with ID in
the class activities with gesture manipulations or action demonstrations (by the educator or a peer).

In order to reduce the age span of the participants and avoid potential bias, we set the age limit to 6-8 years.
There was no interaction between the intervention and control group members.

A stratified, cluster-sampling design was used in the study. Schools with inclusive education were the clusters
sampled from strata of the districts. Inclusive education schools were selected by probability proportional to
size sampling without replacement. The study was conducted in two schools with inclusive education, located in
the Kotayk district, Armenia. For convenience, children were recruited to the intervention group from randomly
selected classes, while the control group children were from different classes. The classes were selected
randomly; in a physical education class, there were either intervention or control group participants. Restricted
block randomization was used in the study, so participants were assigned to the intervention and control groups
in a balanced manner.

PECS in physical education classes

Physical education sessions (45 minutes for each session with PECS) were conducted by a trained physical
educator twice a week for three months. The physical educators prepared pictures of items within their
environment and included them into a picture book. The teachers applied special teaching strategies when
progressing through the six phases of the PECS methodology. The first phase comprises picture and item
exchange and the communicative partner needs an assistant. In phase two, the space between the child and
the picture is increased. The child learns to demonstrate more initiative than in the first phase. In the phase
three, there is a choice between two or three pictures. The student goes to the communication book, selects
an appropriate picture from the set, goes to the communication partner, and gives it to them. In phase four, the
focus is on sentence structure. A strip for sentence formation is added to the communication book. In phase five,
the child learns to express their wishes and answer the question “What do you want?”. The target of this phase
is a spontaneous choice of the preferred item among others. In phase six, the final one, there are responses to the
different questions and instructions [30].

The physical education sessions consisted of three standard stages: a warm-up (10 min), the main phase (30
min), and a cool-down (5 min). During the warm-up and cool-down stages, the physical educator instructed the
students using PECS to perform free exercises. The main part of the session included physical education games.
We selected two games to use in the sessions: balloon blitz and garbage ball [31]. The games are rather time-
consuming, particularly in classes where children with ID are involved, because the instructions take a long
time and it requires a great deal of time and effort to control a class at this age.

PECSbooks (Figure 1) used by special physical educators include pictures of items used for physical education
games as well as pictures showing movements (exercises, game components, and gross motor skills).
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Figure 1. Portable PECS book with Armenian cards representing examples of gross motor skills and the sentence strip

Balloon blitz is an appropriate game for students of elementary school. This game improves coordination,
enforces the importance of teamwork, and provides vigorous activity for children. Instructors will need a noodle
for each student as well as about 40-50 balloons. The playing field is set up with cones and the goals (or trash
cans) should be placed at the edge of the field. The group should be divided into two. Each team has to select
a goalie to defend its goal. The objective of the game is to use the noodles to hit the balloons into the goal of the
opposing team. The team that has the most balloons in the goal at the end of the game is the winner.

Garbage ball improves children’s motor skills. The children should be split into two teams and given the exact
same number of balls to throw. The teams are not allowed to cross the line in the center of the playing field. After
a whistle, the teams can grab the “garbage” (balls) and throw it to the other team’s side. When the whistle blows
again, the team with the least amount of garbage of their side is the winner.

In the warm-up and cool-down (10 and 5 min, respectively) the physical educator uses PECS methodology to
explain the free exercises for the students. This requires less time than the games, as the students of the group
do not need any interaction (no need for connected speech improvement). On the contrary, the group games
require active interaction between the group members to increase their chances of success. The classes consist
of 22-25 children on average, so those with ID in the physical education class have to use PECS and form sentence
strips when there is a need to communicate with their peers.

The game is explained once the physical educator does not need PECS-based instructions to initiate and
control the game. PECS-based instructions not only explain the goal and rules of the game, but also provide
training/coaching instructions on how to play better and interact with the other players.

Parent-reported physical activity of their child

The level of habitual physical activity (PA) before and after the study (the study lasted three months)
was assessed by the PAIC-A questionnaire, administered to the parents of children with ID. The PAIC-A was
adopted from the standardized Physical Activity and Nutrition in Children (PANIC) questionnaire [32], which
assesses physical activity and nutrition in children; we excluded the nutrition part from the PAIC-A, as dietary
intervention was not part of this study. Different activities are included in the questionnaire: organized sports,
structured exercise, unstructured PA, commuting to and from school, and PA during recess.

The frequency of each type of physical activity and the duration of a session of each type of activity were
recorded (in sessions per week and hours per session, rounded to the nearest 0.5 hour, respectively). The
amount of each type of PA was determined by multiplying frequency by duration (expressed in minutes per
day). The total PA was determined by summing the amounts of each type of PA (expressed in minutes per day).
All children involved in the study had 90 minutes of physical education per week, which was included in the
total PA. In order to assess the overall and differentiated increase in PA, the “unstructured” proportion of PA and
“organized sports” outside of physical education classes were calculated, which revealed the changes not only in
the “structured” PA, but also those in the domains of “unstructured” and “organized sports.”
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The validity of the PAIC-A questionnaire

The validity of an instrument assesses whether it actually measures the phenomena of interest. In other
words, if the PAIC-A is designed to measure various aspects of physical activity in children with ID. Although
many different types of validity have been proposed in the literature, not all methods are acceptable for assessing
physical activity outcomes. Content validity indicates whether the questionnaire instrument appears logical
to a group of experts. A panel of exercise physiologists, psychologists, experienced researchers with academic
degrees in public health, and parents of participating children with ID (n=2 for each) evaluated the PAIC-A for
content validity. The panel members used the questionnaire in a pilot survey with 10 patients (parents) and
provided feedbackonhowwell eachitem onthe questionnaire measuresthe constructinaquestion. The evaluation
addressed several key points: the goals of measurement (whether the PAIC-A measures patients’ compliance
and level of PA), the target population, the concepts (important aspects) targeted by the measurement, and the
selection of questions, as well as concision (the relevancy of the questions) and interpretability. Additionally,
the interface validity of the questionnaire was assessed. A language professor and a psychologist (both with
PhDs) evaluated the logical sequence and appropriateness of items in the questionnaire. The purpose of the pilot
testing was to test the questionnaire for clarity, comprehensiveness, and mean interview time. This procedure
assesses the acceptability of the questions in order to reveal any potential problems in the interview process and
to identify whether some other aspects which may be important for the questionnaire are missing. This stage
of validity assessment was conducted in schools with inclusive education by the same interviewer. Ten children
with ID were recruited by a consecutive sampling method to take part in the field testing. Agreement between
observers assessing the level of physical activity was calculated by Cohen’s kappa (K), wherein K>0.4 represents
fair agreement and K>0.75 indicates excellent agreement.

Measurement procedure and protocol

On the first day of pedometry monitoring, the parents received a sealed pedometer and full instructions for
the device. All participants in the study were instructed to attach the pedometer securely to the right waist in
line with the mid-thigh using an elastic belt [33]. The subjects were also instructed to wear the device every
day for seven consecutive days, from the time they woke up until the time they went to bed, excluding sleeping,
bathing, and swimming, and to maintain their normal daily activities. Each morning at school, the researcher and
assistants collected the pedometers, recorded the number of steps taken by the subjects, reset the pedometers to
zero, prepared the pedometers for the next day, and returned them to the subjects. The parents of participating
children provided a brief report to determine whether they had removed the pedometer for more than one hour
during a given day. The data acquired from the children who reported removing their pedometers for more
than one hour were removed from the data set. The pedometry data were downloaded and saved on a personal
computer for analysis and data reduction. This protocol was similar to those followed in previous studies [33-
35].

The number of steps for each child was measured using a pedometer (Omron H]J-112, Illinois, USA) for seven
consecutive days. The Omron is a small, lightweight piezoelectric pedometer which indicates the total number of
steps with a visual display that shows the current step count and has a button for resetting the count to zero [36-
38]. The study day was considered valid when more than 10 hours of wear time were recorded by the observer/
parent.

The patients’ body weight was measured in bare feet and with minimal clothing. The body weight was
measured thrice using an ISO 9001-certified bioimpedance scale (Tanita BC-601); the weight was rounded to
the nearest 0.1 kg. The standing height was measured thrice, with the children in bare feet and standing straight
against a wall using a calibrated measuring rod; the height was rounded to the nearest 0.1 cm. Using this data,
BMI values were calculated for all the children. This number can be converted to an international percentile
in order to define each child as normal (<85th percentile), overweight (85"-95th percentiles), or obese (95th
percentile) [39].

Ethics
The study was approved by the institutional review board, the Ethics Committee of the Armenian State

Institute of Physical Education and Sports (approval no. 18AN:HU-psych-2023). All procedures performed in
studies involving human participants were in accordance with the ethical standards of the institutional and
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national research committees and with the 1964 Helsinki declaration and its later amendments or comparable
ethical standards. Informed consent was obtained from all individual participants in the study (their parents).

Statistical analysis

Two-way ANOVA (intellectual disability x intervention) with a post hoc Bonferroni test was used to examine
the differences in the pre- and post-intervention PA levels and the mean scores of pedometry assessment.
Differences were considered statistically significant if the p-value was <0.05. The bootstrapping method was
used to generate more reliable confidence intervals. The data was sampled 1,000 times with replacement.
Results
Parent-reported physical activity in the children

The participants in the intervention and control groups were evaluated before and after the intervention.
The evaluation process was conducted by the parents. The data were analyzed by the researchers (Table 1). The
level of PA in all children of both groups was assessed with the PAIC-A questionnaire, a modified version of the

standardized PANIC instrument [32].

Table 1. Assessment of physical activity in the intervention and control groups

Experimental group Intervention group (n=16) Control group (n=16)
Total physical Initial assessment 7531162 (95% C1 674 to 832) 790+£270 (95% CI1 658 t0 922)
activity, min/week |  Final assessment 964+236 (95% CI 848 to 1080) | 794+262 (95% CI 666 to 922)
Unstructured Initial assessment 316+76 (95% CI 279 to 353) 328498 (95% CI 280 to 376)
physical activity, .
min/week Final assessment 412+114 (95% CI 356 to 468) 326478 (95% CI 288 to 364)
Structured Initial assessment 45+18 (95% CI 36.2 to 53.8) 42+15 (95% CI 34.6 to 49.4)
exercise, min/ .
week Final assessment 60+18 (95% CI 51.2 to 68.8) 46+14 (95% CI 39.1t0 52.9)
Structured Initial assessment 2+1 (95% CI 1.75 to 2.25) 2+1 (95% CI 1.75 to 2.25)
exercise, times/ )
week Final assessment 2+1 (95% CI 1.75 to 2.25) 21 (95% CI 1.75 to 2.25)
Unstructured Initial assessment 5+1 (95% CI 4.75 to 5.25) 5+1 (95% CI 4.75 to 5.25)
exercise, times/ )
week Final assessment 5+1 (95% CI 4.75 to 5.25) 5+1 (95% CI 4.75 to 5.25)
Organized sports, Initial assessment 6316 (95% CI58.9to 67.1) 56+18 (95% C147.2 to 64.8)
min/week Final assessment 98+24 (95% CI 86.2 to 110) 64+18 (95% CI 55.2 to 72.8)
Commuting toand | Initial assessment 128+34 (95% CI 111 to 145) 132436 (95% CI 114 to 150)
from school, min/ .
week Final assessment 140+32 (95% CI 124 to 156) 142434 (95% CI 125 to 159)
Total sedentary Initial assessment 1605+402 | (95% CI 1410 to 1800) | 1594+386 | (95% CI 1410 to 1780)
activities, min/ .
week Final assessment 1452+342 (95% C1 1280 to 1620) | 1562+274 | (95% CI 1430 to 1700)
Total electronic Initial assessment 748+182 (95% CI 659 to 837) 759+174 (95% CI 674 to 844)
media time, min/ .
week Final assessment 642+178 (95% CI 555 to 729) 726+186 (95% CI 635 to 817)

Notes: Results are presented as means with standard deviation and bootstrapped confidence intervals.

The intervention (physical education including two games organized by the special educator and based on
PECS) was conducted for three months (twice per week). A longer period was not used because the initial three-
month period can show the possible difference, while further evaluation may only confirm whether the level
of physical activity is maintained. Using a longer study period can potentially lead to lower enthusiasm in the
children.
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The two-way ANOVA analysis of PA data revealed no significant effect of the group-by-time interaction for the
variables of total electronic media time and structured and unstructured exercise frequency (p=0.43, p=0.62,
and p=0.56, respectively). However, there was a significant group-by-time interaction effect for the variables of
unstructured physical activity (p<0.05), structured exercise (p<0.05), organized sports (p<0.05), commuting
to and from school (p<0.05), and total sedentary activities (p<0.05). Post hoc comparisons (Bonferroni test)
showed that the majority of the PA parameters were significantly higher in the intervention group (p<0.05) and
that the total sedentary activity score was markedly lower (p<0.05).

Results of validity testing

The expert consensus revealed that PAIC-A has sound content validity. The participating experts agreed on
all points of the validity testing: The PAIC-A is well structured and covers all important issues regarding the
physical activity of children with ID. In their evaluation of the interface validity, the linguistic expert suggested
vocabulary changes to make the questionnaire items more comprehensible. No significant changes were made to
the structure of the questionnaire. Excellent agreement (K=0.90; 95% CI 0.78-1.02) in the assessment of the level
of PA was found between observers. During the PAIC-A field testing, none of the participants refused to answer
the questionnaire. All questions were perceived well by parents. The participants did not have any difficulty
in the interpretation or comprehension of the questions. Answering the questions took 10 minutes on average.

Analysis of pedometry data

Table 2 shows the main total PA pedometry data (steps per day and weekday/weekend steps) and pedometer
wear time (min/day) for the children in both groups. The results revealed that the intervention group members
had significantly higher values than the children involved in regular program classes. For the weekend period,
the children were more inactive and recorded lower values. The descriptive data of pedometry by group are
presented in Table 2.

Table 2. Comparison of the pre- and post-intervention means of pedometry data, by group

Variable Group Assessment N Mean SD CI
PECS Initial 16 8.7 2.3 (95% CI 7.57 to 9.83)
Total PA (count/ Final 13.8 2.8 (95% CI12.4 to 15.2)
min) Control Initial 16 6.3 2.1 (95% CI 5.27 to 7.33)
Final 7.6 2.4 (95% CI 6.42 to 8.78)
PECS Initial 16 7321.4 2365.1 (95% CI 6160 to 8480)
Final 9902.8 2814.2 (95% CI 8520 to 11300)
Steps (steps/day) —
Control Initial 16 5532.2 1980.4 (95% CI 4560 to 6500)
Final 5786.4 22234 (95% CI 4700 to 6880)
PECS Initial 16 6424.6 1426.3 (95% CI 5730 to 7120)
Weekday steps Final 8192.8 2206.4 (95% CI 7110 to 9270)
Control Initial 16 4660.0 1108.6 (95% CI 4120 to 5200)
Final 4912.6 1124.4 (95% CI 4360 to 5460)
PECS Initial 16 9240.4 3668.4 (95% CI 7440 to 11000)
Weekend steps Final 13 186.6 4348.2 (95% CI-2120 to 2140)
Control Initial 16 6189.3 26244 (95% CI 4900 to 7480)
Final 6325.5 3410.2 (95% CI 4660 to 8000)
PECS Initial 1 12.14 1.8 (95% CI 11.3 to 13)
Wear time (hours/ Final 12.26 1.8 (95% CI11.4to 13.1)
day) Control Initial 1 11.26 2.4 (95% C110.1 to 12.4)
Final 11.32 2.0 (95% C110.3 to 12.3)

As with the PA data, the analysis of pedometry data by two-way ANOVA revealed no significant effect of
the group-by-time interaction for total electronic media time or structured or unstructured exercise frequency
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(p=0.55, p=0.68, and p=0.62, respectively). However, there was a significant group-by-time interaction effect
for the variables of unstructured physical activity (p<0.05), structured exercise (p<0.05), organized sports
(p<0.05), commuting to and from school (p<0.05), and total sedentary activities (p<0.05). Post hoc comparisons
(Bonferroni test) showed that the PA parameters had markedly improved in the intervention group (p<0.05).
The results demonstrate that the intervention group children were more active than the children in the control
group (p<0.05). There were significant differences in the total number of steps per minute between the children
in the intervention group and the control group (p<0.0001).

Discussion

This work presents examples of adaptive game design aimed to support the development of cognitive and
motor skills in children with intellectual disabilities. The selected method can not only develop specific motor
skills, but can also stimulate the overall physical activity of children with intellectual disability. In addition, the
study introduces a new approach for physical education specialists that suggests using a method for developing
communication skills in the physical education of children with ID.

Special variables were selected in order to assess the effect that the method for developing communication
skills has on the PA of children with ID. The assessment of children in the intervention and control groups
revealed non-homogeneous changes in the selected variables. The absolute scores of structured PA were much
higher because the intervention recruited the children in physical education classes. The absolute scores for
the organized sports activities were higher in the intervention group, yet more of an increase was observed
in the category of “unstructured” physical activity. This category shows the overall activating influence of the
structured intervention on the scores of general and unstructured physical activity. Two-way ANOVA with
a post hoc test was used to estimate the changes in group score during the testing period. The results for both
PA assessment and pedometry showed no significant effect of the group-by-time interaction for total electronic
media time or structured or unstructured exercise frequency (p>0.05). A significant group-by-time interaction
effect was estimated for unstructured physical activity, structured exercise, organized sports, commuting
to and from school, and total sedentary activities (p<0.05). Post hoc comparisons (Bonferroni test) revealed
aremarkable improvementin the PAand pedometry scores in the intervention group (p<0.05). The mechanism of
such improvement may be the positive reinforcement from PECS in children with ID, facilitating their adaptation
to the gradually increasing difficulty levels or loads in physical education classes and developing the motor skills
required for the game, to be used later in other daily activities.

Research suggests that different modalities of sensory cueing (symbols on the floor, images, or light signaling)
lead to improvement in the motor performance of different categories of patients with neurological disorders.
Several studies have indicated improvements in stride length and walking speed when using visual cues on
the floor [40,41]. Pongmala et al. concluded that visual and somatosensory cues can improve gait in patients
with Parkinson’s disease [42]. Other researchers have shown that on-demand cueing could be more effective in
reducing the duration of freezing episodes than other modalities [43]. A virtual reality system was developed for
rehabilitating patients with hemispatial neglect, where dynamic cueing is effective in encouraging patients to
focus their attention on the neglected side [44]. However, these open-loop feedback systems may not have long-
term benefits unless dedicated training programs are established [45]. Closed-loop feedback systems, a subtype
of which we used in this study, may lead to the long-term learning of motor skills and enhanced adaptive cerebral
plasticity, particularly with the use of visual cueing [46]. The mechanism behind the overall increase in the
physical activity of children may be explained by the activation of cognitive resources through exercise and
movement patterns. The learned motor maneuver codes persist in the brain for any working memory task.
Exercise or games impose a supplementary demand on attention, enhancing the memory maintenance activities
[47]. The exercise maneuvers in low-demanding children require the involvement of some attentional resources
in order to control the motor program precisely. In executive motor tasks, visual cues that were provided to
facilitate the maintenance of the goal have been shown to reduce goal neglect. Visual cues have been thoroughly
studied in the field of motor executive functions. By presenting an image related to the goal, children improve
their executive motor functioning [48]. Well-programmed cueing favors goal maintenance. PECS served as a form
of visual cueing for the children with ID to improve communication or attention as well as motor performance.
The method based on visual cueing is believed to have a positive influence on the temporal parameters of
movements, appropriately increasing the amplitude of gait and leading to overall spatiotemporal stabilization
[49]. In other studies, training with cues led to a significant improvement in several measures of gait-related
outcomes in neurological patients [50,51]. This research suggests that the improvements in the intervention
group are due to visual cue training.
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The application of PECS in physical education sessions did not have a significant effect on the time of total
sedentary activities and total electronic media time. The strength of the study is the novel approach to using
technologies foralternative communication based on visual cueing to stimulate overall physical activity level. The
physical education teachers showed a significant degree of acceptance of this communication skill development
method, indicating that the adaptive games are understood as a tool that can be used by professionals who work
with children with different types of cognitive or mental impairment to stimulate the development of motor
skills and to increase overall level of physical activity. The application of symbols or PECS has the potential to
develop a platform for designing a variety of adaptive games suitable for physical education. In addition, we
intend to meet the suggestions made by study participants (children, educators, and parents), such as developing
new types of games, modifying games, or changing the performance requirements.

This study has several limitations. These children predominantly attended inclusive education schools and
were therefore unlikely to be representative of the broader population of children with ID. The advantage of
having active participants with a lower level of ID is that they usually do not have concomitant motor disorders,
in contrast to children with a higher level of ID studying in special schools. Further research should consider
a larger number of participants with disability, including more targeted recruitment strategies for those who
are enrolled in special education schools, are less active, and have more severe disability. Another limitation
of the study is that some parents may have completed the survey without input from their child. A variety
of environmental, socioeconomic, psychological, cognitive, demographic, biological and emotional factors,
behavioral attributes, and skill factors may have led to a potential bias in the results [52], for example, the
difference in total body fat percentage, difference in maximal workload per total body lean mass, and even the
difference in parents’ college or other higher vocational degree [53,54].

A further study with a much larger intervention group size (involving multiple schools) is necessary to
confirm the results of our study showing an advantage of PECS over gestures or other cueing modalities. A larger
intervention group may allow the researchers to look at the issue of physical activity in terms of all the above
possible determinants.

Conclusions

Special education methods can serve as an option to improve the communication skills as well as the physical
activity of children with intellectual disability. Enhanced working memory favors executive motor function and
motor performance. Physical activity should be promoted in the initial stages of inclusive education in order to
facilitate adequate integration of children with intellectual disability into the inclusive educational environment.
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