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include the transparent character board [8] and the
mouth-shape character [9]. We compared the characteristics
of communication via the transparent character board method
and the mouth-shape character method [10]. While the
mouth-shape character method requires no tools and is
capable of communicating in a simple manner, the burden on
the caregiver is large, and it is the caregiver's task to utter the
speech sound and record the “confirmed” characters. The
purpose of this study is to develop a support system for
speech utterances and character recordings in communication
via the mouth-shape character method.

Abstract— The "mouth-shape character" is one of the
communication means of ALS (Amyotrophic lateral sclerosis)
patients and caregivers. Although this means allows
communication between the patient and the caregiver without
using any tools, it is a burden on caregivers to utter speech
sounds and record characters. The purpose of this study is to
develop a support system for speech utterances and character
recordings in communication via the mouth-shape character
method. The prototype support system (proto-system) consisted
mainly of an electric character board and a speech voice
recognition module. Using the proto-system, the communication
experiments were conducted by healthy subjects role-playing
both the patient and the caregiver, and the system operability
was evaluated. A control experiment was performed using the
conventional mouth-shape character method and the results
using these two methods were compared. Although the
communication speed in the proto-system was slightly inferior
to that of the mouth-shape character method, the accuracy of
the confirmed character recordings by the former method was
high, indicating the possibility of reducing the burden on
caregivers. In addition, since speech recognition adapted to the
caregiver's voice can be used as an input trigger, both hands of
the caregiver remain free, and the potential for a reduction in
the caregiving workload was obtained.

II. METHOD
A. Communication via the mouth-shape character method
The mouth-shape character method is used by caregiver to
communicate with patients who have difficulty speaking. We
showed two types of mouth-shape character method. Method
(a) was initiated by the expression of patient's intention, and
Method (b) was initiated by the utterance of caregiver's
Hiragana characters. Assuming that Fig. 1 is a typical chart of
Hiragana characters, the procedure for expressing "tsu" is
illustrated in Table 1.

Index Terms— Amyotrophic lateral sclerosis, communication
support, Mouth-shape character, speech recognition
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I. INTRODUCTION
Neuromuscular disorders, including ALS, decrease the
motor function of the whole body as the disorder progresses
[1]. Onset of motor function decline is correlated with
impaired verbal communication, indicating the need for
support to enable patients to express their intentions [2].
There have been many distinct ways to support their
communication, from advanced to low technologies [3].
Examples of advanced technology use include eye-tracking
[4], cerebral blood flow [5], and brain waves [6]. Meanwhile,
examples of low technology communication support [7]
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Fig. 1 Chart of Hiragana characters
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Method (a) is characterized by the ability to initiate
communication from the patient. Since the row of vowels
containing the patient's intended character can be determined
first, the caregiver reads out the character column one step
less than Method (b). The lesser the steps, the faster it takes to
confirm a single character, and the caregiver can reduce the
burden of reading out characters. Meanwhile, when the
voluntary muscle force around the patient's mouth and face
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decreases due to the progression of the disease, the patient
will have difficulty in shaping the mouth indicating a vowel
(Fig. 2), and at the same time, it will be difficult for the
caregiver to confirm it. The feature of Method (b) is that even
if the voluntary muscle force of the patient decreases,
communication is possible if there is a muscle contraction
which can be visually confirmed by the caregiver. However,
the caregiver has one more step to read out in the character
column than in Method (a), and it takes a long time to
determine a single character. It also increases the burden on
the caregiver to read out characters. For both Methods (a) and
(b), it is necessary for the caregiver to record confirmed
characters one by one.

technology to compensate for the shortcomings of the
mouth-shape character method. These include the detection
of images in the form of vowel mouth shapes expressed by
the patient (using Method (a) in Table 1) [11], and the
recording of characters expressed by the patient on a
smartphone via a switch input circuit and wireless
communication [12].
This study focused on Method (b) in Table 1 and examined
the support for reading out and recording characters by
caregivers, using voice output and speech recognition
technologies [13] which are also applied in welfare
engineering.
C. Support systems for the mouth-shape character method
using speech recognition
The proto-system consisted of an electric character board
(Let's Chat, Panasonic Co., Japan) (Fig. 3) [14], a speech
recognition module (Voice Magic Standard, RayTron, Inc.,
Japan) (Fig. 4) [15], and Photo relay (TLP 596 A, Toshiba
Co., Japan).

Table 1. How to express "tsu" using the mouth-shape
character method
Method (a); Initiating from the expression of the patient’s
intention
1. When the patient needs to express "tsu", he/she makes the
mouth shape of the vowel "u" at the beginning of a row
where the character "tsu" is present.
2. The caregiver confirms the patient's intention, and utters all
characters in the row beginning with the vowel "u",
expressed by the patient, as "u, ku, su, tsu..." from left to
right.
3. When the patient hears the "tsu" uttered by the caregiver,
he/she signals the caregiver by moving his/her eyelids and
facial muscles.
4. The caregiver confirms the patient's intention, identifies the
"tsu" and records it.
Method (b); Initiating from the caregiver's utterance of
Hiragana characters
1. The caregiver utters the top character of each column, such
as "a, ka, sa, ta..." from left to right in order.
2. When the patient hears the utterance of "ta" which is the
first character in the row containing "tsu" intended by the
patient, he/she signals the caregiver by moving his/her
eyelids and facial muscles.
3. The caregiver confirms the patient's intention and utters all
the characters in the " ta" column from top to bottom as "ta,
chi, tsu...".
4. When the patient hears the "tsu" uttered by the caregiver,
he/she signals the caregiver by moving his/her eyelids and
facial muscles.
5. The caregiver confirms the patient's intention, identifies the
"tsu," and records it.

Fig. 3 Electric character board

Fig. 4 Speech recognition module
In the operation of the proto-system, when the caregiver
uttered "confirm", the speech recognition module recognized
his/her voice and generated a contact output signal. The
electronic character board input the signal via Photo relay,
and performed the definite operation (Fig. 5). The response
time of speech recognition was 0.2 seconds, and the scanning
speed of the electronic character board dial was 1 second/step.
The operation process consisted of the following 8 steps, and
as an example, the method of expressing Hiragana character

Fig. 2 Mouth shapes for five Japanese vowels
B. Support methods for communication via the mouth-shape
character method
A number of attempts have been made to use advanced
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"tsu" is shown (Table 2).

characters consisting of 10 combinations times 3 characters
were used (Fig.6). In the mouth-shape character method, the
caregiver memorized the three characters that had been
confirmed, and uttered the three characters that had been
memorized at the end of a pair of tests. Furthermore, the
patient and the caregiver were replaced, and one subject was
given a 90 character trial per one communication method and
two subjects were given a total of 180 characters. None of the
subjects had any previous experience with these trials, and
this study was conducted with prior explanation from the
researchers. When the communication trial failed, the number
of failures was counted and the trials were carried out again
using the same Hiragana characters.

Fig. 5 Operation process of prototype support system
Table 2. Procedure of expressing patient's intention via the
prototype support system
1. The electronic character board is placed in a position not
visible to the patient.
2. The caregiver utters "confirm". Then, the electronic
character board scans one column at a time while uttering
all five characters in all the columns from top down, such
as "a, i, u, e, o", "ka, ki, ku, ke, ko", "sa, shi, su, se, so"...etc.
3. When the electronic character board utters the character
column "ta, chi, tsu, te, to" including "tsu", the patient
signals the caregiver by moving his/her facial muscles.
4. The caregiver confirms the patient's intention, and
identifies the column by uttering "confirm".
5. The electronic character board scans the confirmed
character column "ta, chi, tsu, te, to" while uttering one
character at a time.
6. When the electronic character board utters the character
"tsu", the patient signals the caregiver by moving his/her
facial muscles.
7. The caregiver confirms the patient's intention, and
identifies the character by uttering "confirm".
8. The electronic character board utters the confirmed
character and records it on the device.

Fig. 6 Experimental scene
The communication process was recorded by a video
camera placed on the lateral side of the subjects facing each
other and an eye-movement measuring device (T.K.K. 2954,
Takei Scientific Instruments Co., Ltd., Japan) (Fig. 6) was
attached to the caregiver. The process number (N) was set for
the intended characters on the character board because the
steps to reach the column and the row are different for each
character. For example, "ki" was positioned in a "ka" column
(the 2nd column from left) and an "i" row (2nd row from top),
and the process number was set to 4 as the sum of the number
of columns and rows. A video file recorded from the video
camera and the eye-movement measuring device was
reproduced, and the process number of the character and the
process time were totaled. In addition, the number of
successes and failures in communication was recorded, and
the subjects were asked for their impressions after the trials.

D. Evaluation of the prototype support system
The performance of this system was evaluated using
communication experiments in which healthy subjects played
the roles of the patient and the caregiver. A control
experiment was performed using the conventional
mouth-shape character method and these results were
compared.
The experimental method was set based on a previous study
[10]. Ten combinations of Hiragana characters, consisting of
3 characters that are not found in usual Japanese words, were
created, and the order of appearance of the combinations was
randomized. Subjects were 2 healthy persons over 20 years
old. They were given the roles of the patient and the caregiver,
facing each other in pairs and sitting in chairs at a distance of
1.2 m. One subject performed a trial of communication via
the proto-system and the mouth-shape character method was
used as a control. In this trail, a total of 30 Hiragana

E. Research Ethics
This study was conducted based on the Research Ethics
Application No.407 of Hokkaido University of Science after
subjects had been informed in advance of the research and
had given their consent. The experiment was carried out
ensuring the safety of the subjects.

III. RESULTS
The process number was the same for the 2 types of trials,
and was 8 ± 2.78 (N) with a minimum value of 2 (N) and a
maximum value of 12 (N). The time of the proto-system was
7.07 ± 2.88 (s) with a minimum value of 1.50 (s) and a
maximum value of 19.10 (s) (Fig. 7). With regard to the 2
points in Fig. 7 where the communication time was 15
seconds or more at the process number of 10 and 11,
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respectively, it was shown that the communication was
successful but the confirmation of the caregiver's expression
was delayed, and the scanning was repeated. The time of the
mouth-shape character method was 6.41 ± 2.40 (s) with a
minimum value of 1.40 (s) and a maximum value of 12.3 (s)
(Fig. 8). The number of communication failures via the
proto-system was six, including four cases in which the
patient failed to express his/her intention and two cases in
which the caregiver failed to identify words. Also, The
number of the failures via the mouth-shape character method
was seven, including three cases of the patient's delay in
expressing his/her intention and four cases of the caregiver's
forgetting the confirmed characters.

Furthermore, the average time per process was about 0.9
seconds, and as the process number increased, the average
time per process also tended to increase (Fig. 11). This can be
explained by the fact that the scan time per process of the
electric character board used in this study was 1 second and
recognition of the caregiver's utterance of "confirm" took 0.2
Table 3 Total communication time for each process number
Process
(N)
2
3
4
5
6
7
8
9

Fig. 7 Process number (N) and communication time (s) using
the proto support system

10
11
12

Time
(s)
mean
SD
mean
SD
mean
SD
mean
SD
mean
SD
mean
SD
mean
SD
mean
SD
mean
SD
mean
SD
mean
SD

Prototype
support
system
1.67
0.09
2.35
0.19
3.15
0.28
4.13
0.20
5.13
0.27
5.86
0.28
6.83
0.29
8.21
0.40
9.68
2.19
9.98
1.51
10.81
0.70

Mouthshape
character
method
1.66
0.22
2.37
0.23
3.22
0.57
4.43
0.95
4.53
0.58
5.62
1.19
6.56
0.91
7.27
1.12
8.07
0.71
8.65
1.20
9.68
1.09

Fig. 8 Process number (N) and communication time (s) using
the mouth-shape character method

IV. DISCUSSIONS

Fig. 9 Process number (N) and communication time (s) using
the prototype support system

A. Operation time
The inferential statistics showed no significant difference in
communication time between the two methods. This suggests
that the increase in communication time due to the increase in
the process number was not large enough to make a
significant difference. Therefore, regarding the 2
communication methods, the average values and standard
deviations of communication time in each process number
are shown in Table 3 and Fig. 9 and 10, the average time per
process is shown in Fig. 11, and they were compared.
In the proto-system, the average communication time
increased as the process number increased (Fig. 9).
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memorize the confirmed characters. Therefore, they were less
tired than when they were using the mouth-shape character
method and could focus on communication with the patient.
Furthermore, the caregivers were able to use both hands
because they did not need tools for communication such as
character boards, switches and memo pads.
Thus, although the speed of communication in the
proto-system was slightly inferior to that in the conventional
mouth-shape character method, the prototype system had the
ability equivalent to the communication via the mouth-shape
character method. These results suggest that speech
utterances and character recordings using the proto-system
have the capacity to reduce the burden of the communication
support for the caregiver. In addition, the caregiving
workload may be lowered by allowing him/her to use both
hands freely.

Fig. 10 Process number (N) and communication time (s)
using the mouth-shape character method
seconds, but the patient expressed his/her intention in the first
stage of the vocalization of the board, and the average time
per process was less than 1 second. In particular, when the
process number was 10, the average communication time was
0.97 seconds, which could be attributed to the delay in
confirming the caregiver's expression of intention.

C. Limitations of the study
There are limitations in this study. The subjects were healthy
individuals. Hiragana characters employed in the trials did
not cover the whole 46 characters, but random combinations
were chosen. In this speech recognition environment, there
were no voice outputs except for the speech utterances from
the caregiver and the electronic character board.

Fig. 11 Average time per process
The communication time using the mouse-shape character
method (Fig. 10) also increased linearly as the process
number increased. The average communication time per
process (Fig. 11) was about 0.8 seconds. As the process
number increased, the communication time became faster
than the proto-system. In the mouth-shape character method,
the patient expressed his/her intention at the early stage of the
caregiver's utterance after the patient became accustomed to
the operation through repeated trials, and the caregiver read
the text faster, which may have resulted in faster
communication than the proto-system.

V. SUMMARY
We developed the prototype support system for speech
utterances and character recordings of caregivers, which is
useful for communication between ALS patients and
caregivers through the mouth-shape character method. In this
system, an electronic character board was used for speech
utterances and character recordings, and a speech recognition
module was used for conforming characters. Although the
speed of communication in this system was slightly inferior
to that of the conventional mouth-shape character method, the
accuracy of recording of confirmed characters was high, and
the possibility of reducing the burden on caregivers was
obtained. By using speech recognition as an input trigger,
both hands of the caregiver were free, which also showed the
possible reduction of the caregiving workload.
In the future, we will optimize the scan speed of
communication, increase the number of characters, and
conduct an evaluation assuming practical use. The
development of smart speakers using speech recognition
technology has made it easier to operate hands-free devices
[16], and we will consider using them. Because
communication consists of both patients and caregivers,
support systems should be developed for both
communication of patient's intention and reduction of
caregiver's burden [17]. We expect that the enhanced support
of communication between patients and caregivers will also
provide an enhanced quality of life for both parties.

B. Operation of prototype support system
The operation of the proto-system was examined from the
failure contents, frequency of the communication and
subjective view of the subjects. No error occurred for the
speech recognition of the caregiver's "confirm" voice,
because the registered voice was only one type and was not
disturbed by the electronic sounds emitted from the electric
character board. All six failures in the proto-system were due
to delays in the expression of the patient's intention or in the
action of the caregiver's confirmation of characters. Although
the speed set in the proto-system (1 second/scan) was the
standard setting for an electronic character board, both the
patient and the caregiver caused a delay in confirmation,
indicating that this setting was slightly too fast to
communicate with voice alone without seeing any characters
on the electronic character board. Optimization to set the
fastest scan speed with minimal failure may require the
caregiver to set the speed to match the patient's and
caregiver's proficiency in use. Meanwhile, since the
confirmed characters were recorded in the system, it was
indicated that the system could prevent the failure caused by
caregivers forgetting the confirmed characters.
Among the subjects, the subjective opinions as the caregiver
roles were that they did not have to utter by themselves or
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