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Abstract: This study used body motion interactive feedback activities made from electronic components to enhance the 
body strength of children with intellectual disability accompany cerebral palsy. Electronic magnetic components could be 
joined together to make a circuit to create an input and output feedback system. Participants press the correct area, and 
receive audio and visual feedback, which was found to enhance the motivation to do physical activities for children with 
cerebral palsy. This study adopted a single-subject research using an ABAB structure, in which A was the baseline, and B 
was the intervention. The experimental results from the data analyses showed a significant increase in the scores in the 
intervention phases compared to the baseline phases. Applications for use and further suggestions are also discussed. 
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I. INTRODUCTION 
 
Electronic gadgets are useful and attractive as tools 
for communication and interaction [1]. Recently, 
many electronic kits have become available which 
can be used as tools for thinking, creativity, and 
designing the interactive product, so allowing users to 
design their own custom interfaces [2]. These recent 
changes in information and communication 
technologies have influenced the way people relate, 
communicate, work, and learn. Because real-time 
interactive multimedia is more popular and affordable 
than ever before, it can be easily used for special 
needs [3].There are some interactive interfaces 
available, such as Arduino[4], an open source 
hardware platform, which can be used to develop 
interactive products using switch or sensor detection. 
Arduino is an interface, which can be used to create 
interactive activities and has been used in many 
fields, such as planning [5], architectural design[6], 
and remote control systems[7]. However, it is 
necessary for users to have a basic knowledge of 
electronic science and technology, so the application 
focus is on specific expert fields. LittleBits (an open 
source kit of pre-assembled electronics that snap 
together with tiny magnets) is an open-source 
hardware library of pre-assembled analogue 
components that can be easily assembled into circuits, 
disassembled, reassembled, and re-used [8]. As the 
democratization of electronics gains momentum, 
electronics materials are being developed that can be 
combined with other traditional materials such as 
paper, cardboard, and screws. Via the open source 
library of discrete electronic components pre-
assembled in tiny circuit boards, so users are able to 
design and develop their concept into a working 
interactive product. The inputs can be combined with 

different sensors, and the output could include light, 
sound, and motion, it has the ability to move 
electronics from the late stages of the design process 
to earlier stages, and from the hands of experts, to 
those of artists and designers [9]. Even Hollinworth, 
Hwang, Allen, Kwiatkowska, & Minnion [10] 
designed workshops using a littleBits kit for a group 
of people with learning disabilities.Children with 
cerebral palsy (CP) can experience persistent and 
debilitating deficits that affect their physical, 
cognitive, and psycho-emotional functioning [11]. 
Inclusion as a theory has been largely welcomed 
[12],there could be some special need children in a 
classroom. Childhood is a sensitive development 
period, and when children show signs of impaired 
motor development, especially in conditions such as 
cerebral palsy[13], Custom-designed training 
programs for those with specific needs are expensive 
[14], and not easily modified for differing needs. 
Strategies incorporating the use of various 
technologies for people with CP have been developed 
and these innovative technologies have provided a 
range of platforms. LittleBits kits were used to design 
specific real visual and audio feedback. The 
advantage of this study is that the kits were easy to 
combine, so even a child could finish an interactive 
feedback project. This means that parents and 
teachers could design specific stimulus/response 
activities for children with special needs. 

. 
II. MATERIAL AND METHODS 
 
2.1. Participants 
The participants in this study were two children with 
cerebral palsy who studied in a self-contained class 
room in a kindergarten. All courses were arranged in 
the morning from 8:00 am to12:00 noon. There were 
five pupils in this class, two teachers and 3–5 
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volunteers to help the children. Prior to the study, we 
obtained formal consent from the children’s parents, 
and asked the parents to join the interactive activities. 
This study focused on the different needs of the 
participants to design individual physical activities to 
increase body activity.  
Pinky (code name), the first participant, is a 6-year 4-
month-old girl who has severe cerebral palsy. She is 
unable to stand by herself and can sit on the floor for 
a few seconds. If she sits on a chair, she requires an 
assistant to hold her to avoid slipping down. She is 
able to sit on a kinder chair independently, and she 
can ask for a standing frame to train her standing 
abilities. As she has weak body movements, she lacks 
the motivation to strengthen her limbs. Therefore, in 
this case, we sought to train her arm muscles and give 
her the motivation to move her arms in a specific 
way. 
Adam (code name), the second participant, is a 4-year 
3-month-old boy, who has moderate multiple 
disabilities, weak legs, and low vision, and cerebral 
palsy. He is able to climb, hold on to something to 
stand for a while, use a Walker to walk outside, and 
can hold a chair to walk in the classroom (because the 
floor is wood, he slides the chair by hand and then 
moves his legs). His auditory perception is very good. 
He can recognize specific sounds in a noisy 
environment, is able to recognize different sounds 
under a music background, and likes to record his 
voice and listen back. He is able to lift his legs and 
feet, but lacks the initiative to strengthen them. 

 
2.2. Apparatus, materials and setting  
The framework we used was a concept gadget made 
up of littleBits, LEGO and smart phone, which starts 
when the participant presses a specific area (under 
which is a button sensor), which causes music to play 
and a gearwheel toy to turn, thus providing audio and 
visual stimulus. With the littleBits setup, there is 
intuitive interactive real time feedback, as 
participants need only press the specific area. This 
action assists the participant strengthen their arms or 
legs, while receiving feedback support from the audio 
and visual effects. For the audio feedback to have a 
positive effect, we felt that the experience should 
reflect a life experience model close to the child’s life 
[15] as this could enhance motivation and enforce 
memory. Therefore, after asking the parents and 
teachers for suggestions, we recorded sounds from 
their ordinary activities, found some famous cartoon 
songs, and recorded some songs and dialogs on a 
smart phone as the feedback materials.The goals for 
each participant were adjusted for their different 
disabilities. Pinky and Adam both have cerebral 
palsy, but their disabilities are not the same, so while 
Pinky and Adam both sat on a chair for the study, 
executed different tasks were executed. The 
configuration for the study is shown in Fig. 1. 

 
Fig.1. The configuration for the study  

 
2.3. Equations  
In the interactive effect design, this study used 
littleBits, so there was no need for a computer or any 
other software as the designer can create their own 
feedback. This study examined how to use littleBits 
to execute input and give real-time feedback. 
Initially, the littleBits button sensor was too small to 
execute the task, so it was modified for this study. A 
big button was on places the table (for Pinky) and on 
the floor (for Adam), and, in the original design, 
when the participant pressed the big button correctly, 
audio and visual feedback was immediately given. 
Because our participants were children with cerebral 
palsy, their response time was slower than for normal 
people, so the operating processing time was set to 
120 s. 
 
The littleBits were combined in one corner in the 
classroom and the children were asked to participate 
in the project. For Pinky, the study aimed to train her 
arm strength by encouraging her to press her hand on 
the correct area on the table. The input stimulus was 
put on the table and she was asked to sit and lower 
her arm and was then asked to lift her arms to press 
the 13*11 cm2 button. For Adam, this study aimed to 
train his leg and foot strength. Adam lifted his feet up 
7 cm and then used his foot to push a 13*11 cm2 
rectangular button. When the participants correctly 
lifted and pressed the button, they received audio and 
visual feedback.This study adopted a single-subject 
research, in an ABAB reversal design, in which A 
(the baseline phase) was followed by B (the 
intervention phase), returned to the baseline phase, 
and then to a final intervention phase. The experiment 
was divided into four phases: Baseline 1, Intervention 
1, Baseline 2, and Intervention 2. Cohen [16] referred 
to a large (> 0.35), medium (0.15–0.35), and small 
effect size (0.02–0.15), which, using predictive 
regression equations, could determine the actual 
effect.The data was collected over two months, with 
each session lasting 120 s, during which we collected 
the data points. In the first phase, Baseline 1 (A1), 
nine data points were collected. In the second phase, 
Intervention 1 (B1), the intervention used the 
littleBits setup system, from which we collected 21 
data points. In the third phrase, Baseline 2 (A2), from 
which we collected nine data points, the littleBits 
setup system was withdrawn. In the fourth phase, 
Intervention 2 (B2), the intervention setup was the 
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same as for B1, from which we collected 21 data 
points. 
 
III. RESULTS  
 
The results of this study included both a descriptive 
and qualitative analyses of the data. The data 
collected from all four phases were presented on 
graphs, in which the x-axis indicated the four phases 
of the study, and the y-axis showed the scores that the 
participant received for each task. 

 
3.1.  Pinky's results (code name) 
Pinky has severe cerebral palsy, and this study aimed 
to train her arm and hand strength by touching a 
specified field. When she stretched her arm and put 
her hand on the input area, a dynamic visual effect 
and audio sound feedback was sustained for 8 s. From 
this interaction, Pinky understood that when she lifted 
her arm and stretched her hand to press the specific 
button, she could get the audio and visual feedback. 
Fig. 2 shows Pinky's data. 

 
Fig.2. Pinky's data. 

 
In A1, the mean for each session was low, with a 
mean score of 1.67, with a range of 0–3 over the 120 
s. The results of A1 indicated that Pinky lacked the 
motivation for physical activities, so she just sat on 
the Kinder chair. When the experiment proceeded to 
B1, the mean score was 9.05, with a range of 7–10 
over the 120 s, a completely different response. In 
B1, Pinky knew that when she stretched her arm and 
put her hand on the correct area and pressed it, she 
could get real audio and visual feedback, and, when 8 
s later the dynamic visual effects and audio sounds 
stopped, if she lifted her arm again to press it, she 
could get the dynamic effects to continue. In A2, the 
intervention was withdrawn, and the mean was as in 
A1. The A2 mean was 1.89, with a range from 0 to 3 
over the 120 s. These results showed that when the 
intervention was withdrawn, Pinky again lacked the 
motivation to do the physical activities. The mean 
score for B2 was 10.38, with a range from 8 to 12 in 
the 120 s. In the intervention phrase, Pinky lifted her 
arm and moved her hand to press the button, and 
demonstrated the cognition to know that when she did 
this training repeatedly, she could get the feedback 
directly. From this single-subject research using an 
ABAB structure, the effect analysis for A1 and B1 
was xt’s p =.074 > .05, with an intercept effect size of 
= 4.1281. For A2 and B2, the xt’s p =.679 > .05, and 
an intercept effect size of = 5.2389. The intervention 

phase showed a significant increased effect compared 
to the baseline phase. A large effect can be seen 
between A1 and B1, and also from A2 and B2. From 
the data analysis, it was demonstrated that the 
intervention phrase had a positive effect on Pinky’s 
motivation to do physical activity. It could also be 
seen from the visual analysis that the score increased 
significantly in the intervention phases. The results 
showed that the effect between the baseline phases 
and the intervention phases was significant. We also 
used the Kolmogorov–Smirnov statistical test, the 
results of which also highlighted the significant 
improvement between the baseline phases and the 
intervention phases (p = .00< .05). From the 
Kolmogorov–Smirnov statistical test, the results 
indicated that the improvement between the baseline 
and intervention was significant. Therefore, this study 
suggests that a good intervention could persuade 
Pinky to engage in physical activity training. 
 
3.2. Adam's results (code name) 
Adam has cerebral palsy and low vision, and in this 
study we sought to train him to lift his legs and move 
his foot to a specific area and then press it. He sat on 
a chair, and the input was set on the floor. He was 
asked to lift his feet 7 cm up and move his legs to the 
area then press the button with his feet. Because he 
has low vision, we focused more on audio feedback, 
which included the teacher telling a story, singing 
songs or doing some activities, daily dialogues 
between Adam and the teacher, and the sound of a 
garbage van, which Adam had asked for. After 8 s, 
the recording paused, motivating him to move to 
continue to listen to the songs, stories or music, so he 
lifted his feet 7 cm up and pressed the specific area 
again. Fig.3. shows Adam's data. 

 
Fig.3. Adam's  data. 

 
For Baseline 1, the mean for each session was low, 
with a mean of = 2.11, with a range from 1 to 3 over 
the 120 s. These results showed that Adam lacked the 
motivation to do the leg and feet activities. For B1, 
the mean was = 10.81, with a range from 8 to 13 over 
the 120 s. Adam knew that when he lifted his legs 7 
cm and moved his feet to the specific area and 
pressed it, he could hear the stories, song or dialogs, 
then, 8 s later, when the audio feedback paused, he 
wanted to continue listening, so he had a strong 
motivation to lift his feet and press the button again. 
In A2, with the intervention withdrawn, the mean was 
= 2.78, with a range from 1 to 4 over the 120 s. A2 
showed that Adam again lacked motivation. For B2, 
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the mean was = 11.29, with a range from 9 to 13 over 
the 120 s. When Adam found that he could listen to 
the audio feedback, he lifted his feet to press the 
button again. He found that when he did this action 
again, the audio feedback continued. From the single-
subject research using an ABAB structure, the effect 
analysis results were as follows; for A1 and B1, the 
xt’s p = .721 > .05, and the intercept effect size was = 
4.9005; for A2 and B2, the xt’s p = .505 > .05, and 
the intercept effect size was = 4.3678. The 
intervention phase had a significant effect compared 
to the baseline, with the intervention phase producing 
a positive effect on Adam’s willingness to do 
physical activities. A1 and B1 had a large effect, as 
did A2 and B2. The intervention phase showed a 
more significant effect than the baseline. These 
results showed that the intervention phases were 
significantly better than the baseline phase. From the 
Kolmogorov–Smirnov statistical test, the analysis 
showed a significant difference between the baseline 
and intervention phases (p = .00< .05). Therefore, this 
study demonstrated that the intervention could 
encourage Adam to become involved in physical 
training. 
 
IV. RESULTS  
 
In this study, electronic kits were designed and 
combined to make an adjustable interactive program 
with real-time visual and audio feedback to 
encourage physical activity in people with cerebral 
palsy.For Pinky’s, in B1 and B2, audio feedback 
incorporating songs her mother recommended and 
were familiar to her were used to motivate her to 
press the button to let the songs continue playing. 
Using these dynamic visual effects and audio 
feedback, Pinky’s motivation to do the physical 
activities increased. The results showed that using the 
songs that she was familiar with elicited a positive 
reaction, as she knew that when she did the activity, 
she would be able to continue listening to the music. 
After this study, her parents wanted her to train her 
upper arms, so we modified the activities and asked 
her to sit on the floor but did not change the input 
position, so she had to lift her upper arm higher to 
press the specific area. While she knew that it was a 
more difficult activity, she knew that to get the 
feedback, she had to try to do the extended activity, 
demonstrating an increased motivation.For Adam’s 
data, in B1 and B2, he was asked to lift his feet 7 cm 
and press a specific area. Because he has low vision, 
he focused on listening for the audio feedback. He 
was familiar with interactive physical activities, so he 
quickly understood how to do the activity and receive 
the feedback. For Adam’s audio, he asked for songs 
and dialog he liked, which included songs that the 
teachers and pupils had sung together, and a child 
saying some words between the song. Because he 
liked this recording he did the physical activity and 

waited for the specific dialog and when he listened to 
this part, he was very happy. Because this study was 
conducted in a corner of the classroom, the other 
pupils wished to participate in this activity. As one 
child like to watch spinning object, we made the input 
a pressure sensor, and asked him to press the pressure 
sensor with two fingers, demonstrating that the input 
sensor could be adjusted for different special needs 
for children with different disabilities. 
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