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Selection support tool of communication device input switches for persons with severe
physical disabilities
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Abstract. Two case studies were conducted with two children with severe
physical and cognitive disabilities in this research, and a computer-vision based
technique called Motion History was applied to visualize their movement. By
changing the conditions of intervention to the children, the Motion History
successfully helped to find their voluntary movement and effective stimuli that
attracted their attention. It was concluded that finding the changes of movement
is very important for extracting voluntary movement and Motion History is
suitable for that purpose. This gives.us a greater possibility of evidence-based
interaction with people with severe and multiple disabilities.

Keywords: Motion History, Voluntary Movement, Cognition, Severe and
Multiple Disabilities, OAK.

1 Introduction

Medical advancement helps more and more new bone babies, who could not sur-vive
in the past, to survive in recent years. Hence supporting people with severe and
multiple disabilities is becoming increasingly needed and important. However, it is
still very difficult to have good support and interaction in an effective way
particularly when their disabilities are very severe and there are little or involuntary
responses.

Out team has developed a computer vision-based noncontact switch software
called OAK (Observation and Access with Kinect) for people with severe and
multiple disabilities [1,2]. The software uses Microsoft Kinect for Windows to
observe the motion of the user. One of unprecedented features of OAK is Motion
History which visualizes the history of movement [1], [3]. Technically, Motion
History is created based on the frequency of the brightness change, which corresponds
to the motion of the user, in each pixel of the captured video. OAK counts the number
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of the brightness change and present it in a heat map format with a six-color scale
(purple, blue, green, yellow, orange, and red). The redder the color of a pixel is in the
Motion History, the greater the movement was at the point during the observation.
Selecting the most active region of the Motion History allows the user to create a
sensitive switch to activate [4]. Motion History can also provide helpful information
about the cognitive state of the user by comparing the data of the situations
before/after an effective interaction.

In this paper, two case studies are described, where Motion History was applied to
improve the understandings of the conditions of two children with severe physical and
cognitive disabilities and to find a good approach to supporting them.

2 Case Study A: Understanding Voluntary Movement

In the first case, Motion History was used to distinguish voluntary movement of a
twelve year old male child with intellectual disability and profound paralysis due to
cerebral hypoxia at birth.

2.1  Background

The boy had only subtle movement and what his voluntary movement was unclear.
He was non-speaking and had no distinctive response associated to any specific
situation. Teachers at the special school tried to read his intention by checking the
increase/decrease of the muscle tone, eyes’ movement, and possible change of facial
expressions. It was said that the boy seemed uneasy when his classroom teacher was
not with him, and had relaxed look with the teacher. However, this was only a
subjective interpretation of the teacher. Moreover, it was unknown how much and
often the change occurred.

2.2  Method

In order to understand the boy’s voluntary movement, an experimental session was
conducted once for two weeks. Each session took about an hour. There were two
conditions for the boy (1) with and (2) without the teacher. The conditions repeated
reciprocally and the Motion History of the boy was recorded for every 5-10 seconds.
The difference of the Motion History of the two conditions was investigated.

2.3  Results and Discussion

Figure 1 shows the transition of the Motion History of the boy. Both Fig. 1(a) and
1(c) are taken from the condition with the teacher, and 1(b) without the teacher. The
teacher standing next to the boy told him she was going out of the room at the timing
between Fig. 1(a) and 1(b). The teacher came back and spoke to the boy between Fig.
1(b) and 1(c).
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(a) ) @
Fig. 1. Motion History of the boy in the session. His classroom teacher stood by him in (a) and
(c). The teacher was not with him in (b).

The Motion History tells that the boy did not move very much, but blinked and
slightly shook his head when the teacher stood by him in Fig. 1(a). When the teacher
went out of the room, the boy shook head more as shown in Fig. 1(b). The boy
stopped shaking his head when the teacher came back to him in Fig. 1(c). His blinking
was solely observed in the last picture.

The Motion History showed the boy’s voluntary movement of shaking his head
according to the teacher’s attendance, although no evidence could be seen about his
uneasiness or relaxed mood here.

Conventional observation, such as just watching the person or a recorded video of
them, may overlook occurring subtle change as this, whereas Motion History keeps
the transition in an integrated image that makes it much easier to find the movement.

This finding led further investigation, which is currently conducted, to try to figure
out what attracts the boy’s head movement by comparing several other conditions,
e.g. with/without voice, musical sound, and light.

3 Case Study B: Effective Interaction Based on Motion History

In the second case, Motion History was used to distinguish voluntary movement of an
eleven year old male child with cerebral palsy and intellectual disability who was
non-speaking.

3.1 Background

No substantial success was made in communicating with the boy until this case study.
It was thought that the boy enjoyed self-stimuli and often shook his body and touched
his lips. His classroom teacher hoped to find a way to turn his attention from the self-
stimuli to interaction with others.

3.2  Method

In order to understand the boy’s voluntary movement, an experimental session was
conducted once for two weeks. Each session took about an hour. The boy’s Motion
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History and video were taken under conditions of several different stimuli. The
Motion History was recorded for every 5-10 seconds. The Motion History of these
conditions were compared to investigate the change of the boy.

3.3  Results and Discussion

Figure 2 shows the Motion History recorded under four conditions in the first week
session with the boy. The boy sat on the wheelchair. Five images taken from the be-
ginning of the observation are shown for each condition here. There was no interven-
tion in the condition of Fig. 2(a). A cover was put over his eyes in Fig. 2(b), and a
massager was put behind his back in Fig. 2(c). No intervention applied again in Fig.
2(d). The four conditions were applied in this order.

Fig. 2. Motion History of the boy in the first week session. No intervention was applied in (a)
and (d). A cover was put over his eyes in (b). A massager was put behind his back in (c).

White images tell us that the boy did not move. The result here led a hypothesis
that the boy stopped shaking his body when his attention was paid to a specific
stimulus from outside. The stimulus that stopped his body was the vibration to his
back as shown in Fig. 2(c) in the first week session.

In the second week session, other stimuli were tested in order to confirm the
hypothesis from the first week. Figure 3 shows the Motion History recorded in the
second week session. The boy was lying on a mattress on the floor. No intervention
was applied in the condition of Fig. 3(a). There was a whisper and the fricative sound
of newspaper into his ears in Fig. 3(b) and 3(c), respectively. A massager was put
behind his back in Fig. 3(d).
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Fig. 3. Motion History of the boy in the second week session. No intervention was applied in
(a). There was a whisper in (b), and the fricative sound of newspaper in (c) into his ears. A
massager was put behind his back in (d).

There was clear difference among the four conditions. The boy stopped his body
shaking when a whisper was around or a vibration was put to his back as shown in
Fig. 3(b) and 3(d). This result again supports the hypothesis that the boy decreases his
body movement when he pays his attention to specific external stimuli.

Based on the hypothesis, further investigation was conducted for the following
three weeks. Table 1 is the summarized result of the investigation overall including
the stimuli tested. The stimuli are divided into two groups of the ones that (a) lowered
the boy’s shaking his body and (b) had no effect on his shaking movement.

Table 1. Tested stimuli in the sessions

(a) Stimuli that lowered the boy’s shaking (b) Stimuli that had no effect on the

his body boy’s movement
Massager behind his back Blinking light
Whisper into his ear Fricative sound of newspaper
iPad screen to touch & get a sound feedback iPad screen to see
Small drum sound Large drum sound
Tapping on the palm of his left hand Tapping on his foot

Motion History helped to visualize voluntary movement here, and this was possible
by paying attention to the stop/decrease of the boy’s movement. The stop/decrease of
the movement are easily ignored in observation compared with positive transition of
movement. In fact, the comments on the boy’s everyday reaction collected from his
classroom teachers were all about increased/initiated movements, such as that the boy
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opened his mouth when fed and smiled when bouncing on a trampoline. Motion
History is good at finding the stop/decrease of the movement, and this can be a key to
extract voluntary component from the person’s movement.

His teachers started using the evidence found through the sessions. The stimuli in
the group of Table 1(a) were expected to create a better interaction with the boy and
his voluntary movement. For example, a new activity that uses his left hand with
touching the iPad screen seems to work for him to search the screen himself. Another
new approach is tapping on his left palm followed by whispering a message instead of
just telling it aloud.

4 Conclusions

This study used a computer-vision based technique called Motion History that
visualizes the history of movement of the user. Motion History successfully helped to
investigate voluntary movement and cognition of children with severe and multiple
disabilities in the two case studies. In the first case, it helped to find the boy’s
voluntary movement of shaking his head according to his teacher’s attendance. In the
second case, it revealed several effective stimuli that attracted the boy’s attention.
Both findings were not recognized among their teachers before the study.

As the results of the case studies, it was found that the observation using Motion
History has the following characteristics as its strength compared with conventional
observation, such as just watching the person or a recorded video of them. Motion
History transforms transitions of the user’s movement for a certain period of time into
a single image, and therefore, it makes a comparison easier to find the changes under
different conditions. This gives us a greater possibility of evidence-based interaction
with people with severe and multiple disabilities.
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