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Abstract

Augmentative and alternative communication (AAC) is an approach used to supplement, improve, and support the com-
munication of those with speech or language impairments. We developed an AAC device for diverse approaches, using an
electromyographic (EMG) switch and a necklace-type button switch. The EMG switch comprised an EMG signal processor
and a switch interface processor. EMG signals were processed using an electrode through the stages of signal acquisition,
amplification, filtering, rectification, and smoothing. In the switch interface processor, the microprocessor determined the
switch as ON or OFF in response to an input EMG signal and then converted the EMG signal into a keyboard signal, which
was transmitted to a smart device via Bluetooth communication. A similar transmission process was used for the necklace-
type button switch, and switch signals were input and processed with general-purpose input/output. The first and second
feasibility tests for the EMG switch and button switch were conducted in a total of three test sessions. The result of the
feasibility test indicated that the major inconvenience and desired improvement associated with the EMG switch were the
intricacy of the AAC device settings. The major inconveniences and desired improvements for the necklace-type button switch
involved device shifting, volume and weight, and inconvenience in fixing the switch in various directions. Thus, based on
the first and second feasibility tests, we developed an additional device. Finally, the EMG switch and necklace-type button
switch developed to remedy the inconveniencies had high feasibility.

Keywords Augmentative and alternative communication - Communication aids - Surface electromyography - Mechanical
button switch

Introduction

Augmentative and alternative communication (AAC) is
an approach used to supplement, improve, and support the
communication process of those with an impaired ability
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to speak, or to replace communication in total [1]. Those
who have lost the ability to communicate due to a disease
or disorder can communicate in various ways using high-
tech AAC systems [2]. Users of AAC systems have a wide
variety of characteristics, depending on the type of disease
and/or the severity of the disorder; hence, systems that can
provide suitable support to a range of users are required
[3]. Users can communicate using AAC devices such as
mechanical switches, as well as head movements [4], eye
movements [5], or brain signals [6] through surface electro-
myography (EMG), depending on the degree of impaired
motor function.

Among these, the mechanical switches, including button
switches, head switches, and sip-and-puff devices, are popu-
lar AAC devices for many disabled persons. The mechanical
switch system has advantages: it is relatively inexpensive
compared to other AAC devices, it is easy to repair, and
it allows the direct selection of a desired word, letter, or
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picture. Despite the advantages of direct selection, it has the
limitation that the physical function must activate the exact
selective movement for each exact choice [7, 8]. Moreover,
in cases of upper spinal cord injury, control of the sterno-
cleidomastoid muscle is lost. This muscle is essential for
control of head position, and thus the system could not be
used with head movement [2]. Therefore, recently, several
AAC devices have been developed that track eye or head
movement. Many tracking systems, however, are camera-
based and need to have complete control over illumination,
stable head positions, and eye movements for long period
of time [2]. In addition, unlike other AAC devices, users
must be positioned in front of a camera or a computer screen
for communication. This raises the problem of limiting the
user’s environment. Further, the user must remain exactly on
a desired word, letter, or picture for a time set for selection in
the tracking system [9]. Such a time-consuming method may
enhance accuracy but reduces the number of possible selec-
tions per minute [9]. Moreover, AAC devices that can be
used irrespective of the degree of motor impairment include
electroencephalography (EEG), a brain signal conditioning
device. However, although EEG enables communication, it
has a low reliability because it is very slow and less accurate
[10].

Among existing AAC devices, surface EMG can be used
with only small muscular action, even by those with severely
impaired motor function. Surface EMG has the advantage
that it can detect the size of a signal more accurately than
AAC devices using EEG [11]. In addition, Cler et al. stated
that utilizing surface EMG could be a more reasonable alter-
native or aid than other AAC devices. It is said that signals
can be acquired even from scarred skin if there is any muscle
control that can activate EMG signals, without any gross
movement [2]. stated that utilizing surface EMG could be a
more reasonable alternative or aid than other AAC devices.
It is said that signals can be acquired even from scarred
skin if there is any muscle control that can activate EMG
signals, without any gross movement [12]. Such a proposal
could be a far better AAC device for an individual who does
not have enough muscular strength to control a mechanical
interface or generate limb or head movements that could be
recognized by a camera-based device [2]. However, Cler
et al. reported that users who have difficulty in communi-
cation due to impaired motor function would need two or
more innovative augmentative systems for communication.
The Cler et al. [2] reported that users who have difficulty
in communication due to impaired motor function would
need two or more innovative augmentative systems for com-
munication. The usability and process speed of augmenta-
tive systems should not be confined to a single device, and
two compatible technologies are required in the protocol for
communication. Thus, two compatible devices need to be
developed at the same time, and as many options as possible
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should be introduced for those who have problems with
motor control [2]. They reported that the two systems should
have applicability even with very small movement, be stable,
and provide comfort when inputting the voice output, etc.
In addition, it is suggested that it should be possible to use
AAC devices irrespective of tablet size and OS (Android,
iPhone OS), and that AAC devices should be as lightweight
and small in volume as possible so that they can be used in
a variety of ways, depending on users’ motor functions [2].
In addition, it is suggested that it should be possible to use
AAC devices irrespective of tablet size and OS (Android,
iPhone OS), and that AAC devices should be as lightweight
and small in volume as possible so that they can be used in
a variety of ways, depending on users’ motor functions [13].

Therefore, in the present study, we developed a surface
EMG switch and a necklace-type button switch that mini-
mizes volume and weight and can be used with minimal
muscle strength and small motions. In addition, feasibility
tests were conducted with adults and children with dis-
abilities to collect the diverse opinions of disabled persons
on volume, weight, and connection simplicity, which were
reflected in the development process.

Methods
Development of AAC device
Mechanical system

EMG switch The EMG switch was developed such that it
might be attached and used as an electrode (Fig. 1). The
attached device of the EMG switch is small; however, an
internal battery had the disadvantages of reduced battery
life and heavy weight. The main users of the EMG switch
are physically disabled persons, who may use moving aids
such as a wheelchair or spend significant time in bed. There-
fore, the device was developed such that it used an external
battery to extend the time of usage and reduce the weight of
the device.

Necklace-type button switch A wearable necklace-type
button switch was developed to allow easier use for disabled
persons with difficulty moving their hands, who currently
use a switch secured to a wheelchair (Fig. 2). The battery
and charging circuit were included in the development, but
battery consumption was small because a keyboard signal
was generated only when there was input into the switch.

Controls and algorithms

The circuit portions of both the EMG switch and button
switch comprised the microprocessor unit, power unit, and
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Fig. 1 EMG switch

Fig.2 Necklace-type button switch

Bluetooth unit. The universal protocol of Bluetooth Human
Interface Device (HID) was used because the device is
required to connect to a Bluetooth keyboard. The button
switch included a battery and a charger, whereas the EMG
switch included the analog filter unit and Bluetooth Low
Energy (BLE), which can communicate with an application
(app) that sets the threshold.

Circuit configuration and signal processing algorithm
of the EMG switch The circuit configuration of the EMG
switch is shown in Fig. 3. An electromyography signal is an

electrical signal generated along the muscle fibers according
to the movement of the body. It is predominantly 10 mV or
below, and the frequency range is below 500 Hz.

EMG signals are collected via an electrode and then
signal processing is required due to friction between the
electrode and skin, or ambient noise entering through the
electrode. Since the EMG signal is a weak electrical signal,
it must be amplified by hundreds of amplifiers and input to
the microcontroller unit (MCU) to be processed. An 8-bit
microprocessor (Atmega328P) was used, which is driven by
8 MHz clock speed and 3.3 V operating voltage. Therefore,
the signal was amplified 100 times through the differential
amplifier circuit of the analog filter. To obtain a positive
amplitude value for the EMG signal of the sinewave wave-
form, the rectified EMG value was amplified by 1.5 times
through the non-inverting amplifier circuit and the analog
circuit, which was able to obtain an EMG signal of 0-5 V
through the envelope circuit. The EMG signal is input to the
MCU’s 10-bit analog—digital converter (ADC) through the
analog filter (Fig. 4).

Because the muscle contraction to operate the switch has
a bandwidth of several Hz, it was treated with a Digital Low
Pass Filter (LPF) of 10 Hz. The filter-processed EMG signal
(x,) was compared to the threshold value, and when it was
greater than 0, it was regarded as “ON” and when it was less
than 0, it was determined as “OFF”. Operation of the switch
is determined according to the following formula:

Fig. 3 Circuit configuration of
EMG switch (
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Fig.4 Algorithms of EMG
signal processing
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Fig.5 The range of the EMG value output

Switch value = EMG value (x,) — threshold

The range of the EMG output varies depending on the
position of the attached muscle and the degree of contrac-
tion. The EMG output value (0-1024) from the ADC was
confirmed to be 0-50 as the baseline value without muscle
contraction (Fig. 5). The EMG output value was 32 (£ 3)
without muscle contraction and a minimum of 80 during
muscle contraction. The threshold value was set as 50 to
operate the switch using muscle contraction. If a user has a
tremor or wants to operate the switch using gross movement,
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Fig.6 The user can set the threshold value, which is the reference of
the switch operation, while monitoring the EMG value

the threshold can be set to a greater value. Therefore, the
user can set the threshold value, which is the reference of the
switch operation, while monitoring the EMG value output-
ted through the app (Fig. 6).

When the switch is on, upon pressing the enter key, a
signal is sent through the Bluetooth HID. When it is off,
the value is transmitted when the enter key is released. In
addition, the EMG value is monitored through the appli-
cation, and the filtered EMG and the set threshold values
are transmitted through BLE 4.0 so that the threshold value
can be set. Additionally, when a new threshold value is
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transmitted through the app, the threshold value is stored in
the Electrically Erasable Programmable Read-Only Memory
(EEPROM) of the MCU. Threshold value can be changed
through the software, which was named MINTO EMG
(Figs. 7, 8).

A signal collected by the EMG electrode is input into
the microprocessor via the analog filter and ADC, and an
EMG value was obtained. The analog filter was simplified
into amplification, filtering, rectification, and smoothing,
since it was intended to discriminate whether the EMG

Wl KT = f 74 % 40% W )

1. Bluetooth
Connect

——» Connect Minto EMG

O SEIRIRS ReIna
National Rehabilitation Research Institute

Read Data

|
Threshold &
0.00

EMG
0.00

2. Threshold Read m SAVE

Threshold

0.00/- 01  0.01
3. Threshold Change
SAVE

MINT .. SYS

Fig.7 Bio-signal transmission/reception software application (iOS
version 1.0)
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value exceeded the threshold value. When this occurred, it
indicated muscle contraction, thereby obtaining ON/OFF as
output rather than collecting an exact EMG raw data value.
When the EMG value exceeded the threshold, the ON state
was detected, and the keyboard output was transmitted to the
smart device (AAC app) via Bluetooth HID. Muscle con-
traction varied with the position of the device attachment to
the muscle and the object in use, and thus, an EMG signal-
monitoring app was developed to allow the threshold value
to be altered. One keyboard key output could be used for
one EMG switch, and it was arranged such that two EMG
switches were attached to the movable muscle and could be
registered with the ‘easy-to-use’ manner of a smart device.
In addition, it was arranged that when using only one switch,
the auto scanning function could be accessed and used.

Circuit configuration and signal processing algorithm
of the necklace-type button switch The circuit configura-
tion of the necklace-type button switch is shown in Fig. 9.

Input was accepted from two button switches; when a
switch was pressed, the microprocessor generated a relevant
keyboard value for the switch, and the keyboard value was
sent to a smart device (AAC app) via Bluetooth HID.

The buttons were equivalent to the space and enter keys
on the Bluetooth keyboard. The space key was set as “easy-
to-use move” on the smart device, so that the user was able
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Fig.9 Circuit configuration of necklace-type button switch
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to toggle through a list by one space when the switch was
pressed. The enter key was set as “easy-to-use’” on the smart
device, so that the button selected the current option when
pressed. Thus, all the functions of a smart device could be
used with the two buttons.

Development of bio-signal transmission/reception software
application A bio-signal transmission/reception software
application was developed so that EMG signals might be
used directly by a smart device (Android and iPhone OS).

iPhone OS (iOS) and Android apps received the EMG
value (xk) through the Generic Attribute Profile Protocol
(GAPP) of BLE 4.0. The communication port was opened
to receive the EMG value through the bluetooth device scan,
connect device, and connection setup (BLE Manager, Trans-
action Builder, Receiver creation) to connect the Generic
Attribute Profile (GATT). The input EMG value was dis-
played numerically and graphically. If it exceeded the thresh-
old value, the light on the screen changed to check whether
the switch was operating. The threshold value could also be
changed by pressing the threshold button and then setting the
new threshold value by pressing the save button.

Using the MINTO EMG ver. 1.0 (Mintosys Inc., Seoul,
Republic of Korea), an application used to check raw data
of an EMG signal and set the threshold, was developed.
MINTO EMG is available via iOS Apple Store and Google
Play Using the Bluetooth Connect button, connection was
ensured between the EMG switch and raw EMG signals
and the threshold value, and the switch ON/OFF state could
be checked. After checking the monitored EMG value, the
threshold value of the EMG switch was changed and saved
in EEPROM. The software app was developed so that it
could be used with i0OS and Android (Figs. 7, 8).

Performance features of the AAC device

EMG switch The EMG switch, which was developed so that
the input could be generated from only minimum muscle
activity and volume (58 mm in length, 20 mm in area, and
10 mm in thickness), can be used on any region to which
it can be attached to the residual muscles that can activate
EMG signals. After its attachment to the muscle, it can be
used with the simple control of the threshold value at a bio-
signal transmission/reception software application. The
threshold value can be directly controlled with the threshold
bar, while monitoring an EMG signal value, which appears
as a number to the user, whose basic threshold can be raised
or lowered (Fig. 10).

Necklace-type button switch The necklace-type button-
switch-device portion was attached to several joints so that
the input could be generated with minimum movement of
the head alone. Head movements in various directions,
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A joint

Fig. 11 Mechanism that can be changed in various directions using
necklace-type button switch

such as flexion, extension, lateral bending, and rotation and
irregularities on the surface of the face can impose limita-
tions on the use of the button switch. Therefore, the two
button switches were not fixed, but were configured in such
a way that the user could move and fix the joints in various
directions to suit a range in which repeated movements were
possible (Fig. 11). Such features of the device portion will
allow the user to move the head comfortably and to make
adjustments according to the directions of the residual mus-
cles and the face contact area.

AAC program

The AAC program (My AAC, Android and iOS Ver. 1.08,
NCSOFT Cultural Foundation, Seoul, Korea) used in the
study is an AAC program supporting Korean people, which
is supplied and distributed free of charge to support com-
munication for people who have difficulty in communica-
tion by Nonprofit Public Foundation NC Cultural Founda-
tion of NCSOFT, a Korean software company (Download
homepage address: https://www.myaac.co.kr/web/software/
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apps#myaac/). On November 15, 2015, this program was
released by NCSOFT Cultural Foundation free of charge
through Google Play. On October 26, 2017, an update was
made to Ver. 2.0, which is the current version at the time of
writing. The application is available to the Korean public
free of charge.

‘My AAC’ is for first-time users or those with very severe
or multiple disabilities. It is designed to support basic com-
munications with minimal choice (choice between two
things) such as “Yes” or “No,” and “Like” or “Dislike.” In
addition, the following functions can also be used: (1) speak
with a communication board, a function that allows the user
to make an expression with a recommended communica-
tion board or a customized communication board they have
previously prepared; (2) retrieve from and save in the Cloud,
a function to retrieve or save a communication board pre-
pared on a PC or mobile device and saved in the Cloud; (3)
choose and say, a function that allows the user to make a
basic expression with a choice between two things, such as
positive or negative; (4) look and say, a function to support
iterative learning in which the user looks at pictures and
speaks utilizing basic special education curricula; (5) listen
and say, a function to support iterative learning in which the
user listens to a sound and guesses or says the name of an
object; and (6) make up a story, a function to produce and
deliver a story with a time flow, so that the user can express
what they are interested in or what they want to say.

We developed an AAC device through this study but did
not develop a program (software) linked to the AAC device.
Thus, we used ‘My AAC,” a free Korean version of the AAC
program that has previously been developed and is readily
available, linking it to the AAC device we developed.

Feasibility studies
Participants and methods

The feasibility test of an AAC (EMG and button switches)
was conducted in three sessions, with seven adult hemiple-
gic stroke survivors and eight quadriplegic children or ado-
lescents with cerebral palsy, hospitalized at a rehabilitation
center or an outpatient pediatric center. The participants
were recruited in response to a public notice displayed in
the centers. The participants were screened in accordance
with the following criteria: (1) adult hemiplegic stroke survi-
vors (age > 20) or children or adolescents with cerebral palsy
(age <20); (2) those with speech or language disorders, but
no structural problems of articulation; (3) participants who
could follow directions provided by the researcher or Mini
Mental Status Examination score (MMSE) > 24. Of the 20
volunteers who expressed interest in the feasibility test,
15 volunteers eventually participated. We excluded three

volunteers who could not recognize the picture and writing,
and two volunteers who could not follow the instructions.

The feasibility test was conducted with the 15 subjects
using the developed AAC device with the necklace-type
button switch and the EMG switch. The program used for
communication was named “My AAC.” The subjects were
fully familiarized with the device before the feasibility test.
They used the developed AAC device and were asked to
answer questions about satisfaction with the usability of the
developed AAC devices using a 5-point Likert scale. The
feasibility test items were largely categorized into the set-
ting, usability, and storage of the AAC device, and the sub-
jects were asked to answer 12 questions with sub-categories
(Table 1). Moreover, additional interviews were conducted
with the subjects to investigate their opinions about incon-
veniences identified by the feasibility test. The results were
then reflected in the further development of the AAC device.

The first feasibility test was conducted at the develop-
mental stage, while the second and third feasibility tests
were conducted after improving the first product and the
final development, respectively. In the first feasibility test,
two adult hemiplegic stroke survivors and three quadriplegic
children or adolescents with cerebral palsy participated. The
second feasibility test was conducted in the same way as the
first feasibility test, using the improved AAC device based
on the results of the first feasibility test. The participants
included two adult hemiplegic stroke survivors and three
quadriplegic children or adolescents with cerebral palsy.
The third feasibility test was conducted in the same way
as the previous two feasibility tests, using the AAC device
improved based on the results of the second feasibility test.
The participants included three adult hemiplegic stroke sur-
vivors and two quadriplegic children or adolescents with cer-
ebral palsy. A total of three feasibility tests were conducted,
and the AAC device continuously improved according to the
results of each feasibility test.

Results

The general information regarding the subjects from the fea-
sibility tests was as follows (Table 2).

The subjects’ Likert-scale answers to each question were
as follows (Table 3).

First feasibility test

Regarding the satisfaction with the use of the AAC device,
the mean Likert-scale score for the necklace-type button
switch was found to be 3 points. Both subjects 1 and 2,
who were adult hemiplegic stroke survivors, answered
that they could not press the necklace-type button switch
accurately because the movements of their heads on the
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Table 1 Contents of feasibility test

Category Items Likert scale
Setting of AAC device
1 Is it possible for the user to set the hardware of AAC device?
2 Is it convenient for the user to set the hardware of AAC device?
3 Is it possible for the user to set the software of AAC device?
4 Is it convenient for the user to set the software of AAC device?
Use of AAC device
5 Is it possible for the user to select a desired letter, word, or picture with the AAC device?
6 Is it convenient for the user to select a desired letter, word, or picture with the AAC device?
7 Is it possible for the user to output a desired letter, word, or picture with the AAC device?
8 Is the time taken until the user selects and outputs a desired letter, word, or picture with the AAC
device suitable?
9 In case of using the AAC device, are the volume and weight of the device suitable?
Storage of AAC device
10 Is it possible for the user to unset the AAC device?
11 Is it convenient for the user to unset the AAC device?
12 Are the carriage and storage of the AAC device suitable?

Table 2 General characteristics of subjects

Variables First feasibility test Second feasibility test Third feasibility test
S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 SI11 S12 S13 S14 S5

Age (year) 76 78 14 8 11 68 73 8 14 15 76 53 70 17 10
Gender (M/F) F F M F M M F F M F F F M M
Etiology (H/I/CP) H 1 CP CP CP H 1 CP Cp CpP I H 1 CP CP
Paralysis location (R/L/Q) R R Q Q Q L L Q Q Q R L R Q Q
Disease duration (year) 5 1 14 8 11 3 4 8 14 15 5 7 5 17 10
S, subject; M, male; F, female; H, hemorrhage; I, infarction; CP, cerebral palsy; R, right; L, left; Q, quadriplegia
Table 3 Results of feasibility test

First feasibility test Second feasibility test Third feasibility test

Necklace-type EMG switch Necklace-type EMG switch Necklace-type EMG switch

button switch button switch button switch
Subject 1 3(1-3) 2 (1-3) Subject 6 3(24) 3(14) Subject 11 5 (1-5) 5(1-5)
Subject 2 3(14) 2 (1-5) Subject 7 3(3-3) 5 (1-5) Subject 12 5 (4-5) 5 (4-5)
Subject 3 4 (1-5) 2 (1-5) Subject 8 4 (2-5) 3 (1-5) Subject 13 5(3-5) 5(3-5)
Subject 4 4 (1-5) 2 (1-4) Subject 9 5 (4-5) 3 (1-5) Subject 14 4 (3-5) 5(3-5)
Subject 5 5 (1-5) 3(1-4) Subject 10 5(3-5) 3(1-5) Subject 15 3(2-5) 3(2-5)
Total median 3 (1-5) 2 (1-5) Total median 4 (2-5) 3(1-5) Total median 4 (1-5) 5(1-5)

Values are presented as median (range)

less affected side was different to that on the more affected
side. Both subjects 1 and 2 evaluated the switch at a score
of 3 points. At the same time, subjects 3 and 4 (quadriple-
gic cerebral palsy children in adolescence) answered that
the device was bulky and heavy to wear continuously, and
that it was difficult to operate because it was not exactly
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fastened to the body. Both subjects 3 and 4 evaluated the
switch with 4 points. Subject 5 (quadriplegic child or ado-
lescent with cerebral palsy) evaluated the switch with a
score of 5 points because the switch was smaller in volume
and lighter than the existing button switch, although it had
room for improvement.
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The Likert-scale score for the EMG switch was 2 points
on average. Subjects 1 and 2 (hemiplegic stroke survivors)
pointed out that it took too long to connect to the communi-
cation app and the communication device and they did not
know how much movement they should make, as it was not
possible to know the exact extent of the EMG signal while
measuring it. Conversely, subjects 3, 4, and 5 (quadriplegic
children or adolescents with cerebral palsy) answered that
they felt the device was inconvenient because in order to
use it, they had to maintain high muscle tone, so they could
not find the reference point for the threshold. Additionally
they reported that it was necessary to check the EMG signal
visually, even for a single movement because it was difficult
to make isolated movements. Therefore, subjects 3, 4, and
5 evaluated the device with scores of 2, 2, and 3 points,
respectively. However, they made favorable comments about
its small volume and lightness. Moreover, they shared the
opinion that it was too difficult for them to connect the EMG
switch to a computer, and then to a smart device again.

Second feasibility test

Regarding satisfaction with the use of the AAC device, the
Likert-scale score for the necklace-type button switch was
found to be 4 points on average. Subjects 6 and 7, who were
adult hemiplegic stroke survivors, answered that they had
difficulty in repeated button touches for a desired direction
for head movements (less affected side), and that they hoped
for an adjustment to fit the face surface. Both subjects 6 and
7 evaluated the switch with a score of 3 points. Subjects 8,
9, and 10 (quadriplegic children or adolescents with cerebral
palsy) said that while operating the necklace-type button
switch repeatedly, the switch lost its original position and
continued to move, which was inconvenient. However, they
answered that the reduced volume and weight were posi-
tive. Subjects 8, 9, and 10 (quadriplegic children or adoles-
cent with cerebral palsy) evaluated the switch at 4, 5, and 5
points, respectively.

The Likert-scale score for the EMG switch was 3 points
on average. Subjects 6 and 7, who were hemiplegic stroke
survivors, answered that signals were not picked up well
from muscle activation on the more affected side. There-
fore, they said that an improvement to signals acquisition
was necessary. Subjects 6 and 7 evaluated the switch at 3
points and 5 points, respectively. Subject 7 appreciated the
switch highly with a score of 5 points, because it was able to
measure the muscle signals on the more affected side, albeit
inaccurately. Subjects 8, 9, and 10 said that the function
of the device as a switch was insufficient for small move-
ments because they had difficulty in making detailed adjust-
ments to the threshold, although they attached the device to
the desired regions and made movements to activate EMG

signals. Subjects 8, 9, and 10 evaluated the switch with a
score of 3 points.

Third feasibility test

Regarding the satisfaction with the use of the AAC device,
the Likert-scale score for the button switch was 4 points on
an average. Subjects 11, 12, and 13, adult hemiplegic stroke
survivors, reported that the difficulty in desired repeated
button touches was remedied by the improvement of the
device. Specifically, they found it more suitable for the face
and for movements on the more affected side. However,
they answered that when using the device for a long time,
the attachment of the fixture correcting the movement of
the device portion had a tendency to weaken problemati-
cally. Subjects 11, 12, and 13 gave a score of 5 points. In
the same way as subjects 11, 12, and 13, subjects 14 and 15
also evaluated the adjustment as a positive change; however,
they answered that additional improvement in weight would
be necessary for it to be used by children for a long time.
Subjects 14 and 15 evaluated the switch with 4 and 3 points,
respectively.

The Likert-scale score for the EMG switch was 5 points
on average. Subjects 11, 12, and 13 strongly appreciated
the fine adjustability of the threshold after acquiring EMG
signals, even with small movements on the more affected
side. In addition, they gave very positive responses to the
change from the existing process, where the device had to
be connected to a computer to adjust the threshold and then
re-connected to a smart device in a process through which
all the settings and direct use of the app could be accessed
through a smart device. Subjects 11, 12, and 13 evaluated
the switch with a score of 5 points. Similar to subjects 11,
12, and 13, subjects 14 and 15 (quadriplegic children or ado-
lescents with cerebral palsy) also evaluated the adjustment
as a positive change; however, they answered that the pro-
cess of connecting to the Bluetooth communication device
would need to be simplified for children with no knowledge
of smart devices. Subjects 14 and 15 evaluated the switch
with scores of 5 and 3 points, respectively.

For the necklace-type button switch, satisfaction with the
use of the developed AAC device was 3 points in the first
feasibility test, 4 points in the second feasibility test, and
4 points in the third feasibility test. For the EMG switch,
the satisfaction was 2 points in the first feasibility test, 3
points in the second feasibility test, and 5 points in the third
feasibility test. Although the necklace-type button switch
had greater user satisfaction in the first and second feasibil-
ity tests than the EMG switch, the EMG switch had higher
scores in the third feasibility test. Required major improve-
ments of the necklace-type button switch included reduction
in volume and weight, fixation, and the adjustment of button
position according to movements of the face or the more

@ Springer



848

Australasian Physical & Engineering Sciences in Medicine (2019) 42:839-851

affected side. As a result of improving the above-mentioned
issues, the score for the feasibility test increased by one point
from 3 points in the first test to 4 points in the third test. For
the EMG switch, the desired improvements were related to
minimizing the volume, simplifying connection protocols,
and adjustment methods after EMG signal measurement
and visual checking. As a result of addressing the above-
mentioned issues, the score for the feasibility test increased
from 2 points in the first test to 5 points in the third test.

Discussion

In modern society where the ability to communicate with
others is essential, new and diverse strategic approaches are
required to allow persons with limitations in communica-
tion due to disability to share equal communication meth-
ods [14]. Among the major causes leading to disorders of
language or the ability to speak are neurological disorders
resulting from degenerative diseases such as cerebral palsy
(CP) and amyotrophic lateral sclerosis (ALS), traumatic
brain injury (TBI), stroke, and physical dysfunctions. More-
over, it has been reported that approximately 0.2—-0.6% of the
world population [15] and approximately 1.4% of population
of the US need AAC systems because of serious communi-
cation problems [16]. Therefore, guidance on communica-
tion is essential for individuals with disabilities to improve
their quality of life and allow independent living in society
and engaging in social interaction with non-disabled per-
sons, and the AAC approach has recently been emphasized
worldwide for this purpose [14].

McNaughton and Light [17] stated that an iPad and
other mobile technologies could become effective tools to
improve communication for disabled persons. Explaining
this, they cited that the social perception and acceptance of
AAC devices should be facilitated by universally-employed
tools, thereby, contributing to the social integration of disa-
bled persons, and that these technologies could be used in
a variety of ways for speaking, writing, information gather-
ing, social relationship promotion, and so on, thereby easily
satisfying the diverse communication desires of disabled
persons [17]. In developing AAC devices, it is necessary
to reflect the various characteristics of users (e.g. age, gen-
der, time of evolution, lesion location, premorbid cognitive
status, setting) [18]. When all variables are properly consid-
ered, the enhanced communication through these devices
may provide even modest improvements in the severe emo-
tional reactions these vulnerable patients’ and contribute
to healthcare decisions, thereby having a major impact on
well-being [19]. In this study, we developed an AAC device
by fully reflecting the opinions of users in the development
process and attempted to use it as a communication device
for people with disabilities.

@ Springer

Hodge et al. reported their opinions on the existing
AAC devices for children and adult users. They write that
most of the existing AAC devices needed to be secured to
a wheelchair for successful communication. However, it
was reported that having their usage limited to a wheelchair
caused frustration to users whose physical movements
were slow or inefficient while secured to a wheelchair [20].
reported their opinions on the existing AAC devices for
children and adult users. They write that most of the exist-
ing AAC devices needed to be secured to a wheelchair for
successful communication. However, it was reported that
having their usage limited to a wheelchair caused frustration
to users whose physical movements were slow or inefficient
while secured to a wheelchair [20]. To improve this problem,
this study developed a necklace-type button switch, which
was intended to allow use everywhere, breaking away from
the existing method of fastening such devices to a wheelchair
arm. However, in the first feasibility test, satisfaction with its
usability barely reached 3 points on the Likert scale. How-
ever, the fact that it was usable regardless of location was
relatively well received compared to fastening the device to a
wheelchair. Hemiplegic stroke survivors said that they could
not press the button switch precisely due to differences in
head movements on the less affected side and more affected
side during the use of the necklace-type button switch.
Moreover, it was reported that the device was too bulky and
heavy for quadriplegic children with cerebral palsy to wear
continuously, and that it was difficult to operate because it
was not secured to the body precisely. Regarding the EMG
switch, satisfaction with its usability was 2 points in the first
feasibility test. Although its light weight and small volume
were highly appreciated, most of the users pointed out that
the method of using the EMG switch was too difficult. In
particular, the complicated procedure to use the device was
presented as a problem for parents as well as for children
with cerebral palsy. McNaughton et al. also noted that insuf-
ficient knowledge of new technology has negative effects on
the use of the device from the standpoint of both parents and
users. In addition, they commented that these devices need
to be as simple as possible, noting that learning to use the
devices can be a great challenge. McNaughton et al. [21].
also noted that insufficient knowledge of new technology has
negative effects on the use of the device from the standpoint
of both parents and users. In addition, they commented that
these devices need to be as simple as possible, noting that
learning to use the devices can be a great challenge.

For the EMG switch developed in this study, the thresh-
old value for then EMG signal was set by connecting the
device to a computer before connecting to a smart device,
and then connection was made again to the smart device
where an AAC app was installed. It seemed that the pro-
cess of connecting the device to a computer again to reset
the threshold of an EMG signal was seen as complicated.
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Moreover, it was reported that there were also many limita-
tions in checking variations between the EMG signal in the
resting state and an EMG signal during movement, which
made it more difficult to set the threshold value of the EMG
signal to select the movement. The main problem reported
in the first feasibility test was that the device lacked portabil-
ity, a simple procedure for use, and a convenient method of
operation to choose a desired function. Kong et al. reported
that satisfaction with AAC devices used currently or in the
past is 54%, and that steps to achieve higher satisfaction
included: implementing simple methods for operating and
selecting a desired function, and better portability obtained
through volume and weight reduction [14]. reported that sat-
isfaction with AAC devices used currently or in the past is
54%, and that steps to achieve higher satisfaction included:
implementing simple methods for operating and selecting
a desired function, and better portability obtained through
volume and weight reduction [14]. Therefore, measures to
address the above-mentioned issues were reflected in the
further development and improvement of the AAC device
prior to the second feasibility test.

In the second feasibility test, satisfaction with the usabil-
ity of the necklace-type button switch was 4 points on aver-
age. The satisfaction increased one point from that in the
first feasibility test, and investigation showed that the reason
was the reduction of the device’s volume and weight. How-
ever, hemiplegic stroke survivors reported that on their less
affected side, they had difficulty in repeated button touches
for a desired direction due to the reduction of its weight
and volume. In addition, it was proposed that adjustments
should be made to improve the attachment to the face, since
it was inconvenient when the button switch moved continu-
ously from its original position during repeated operation.
An external battery was used to reduce the weight of the
device and the button switch was miniaturized to reduce the
volume. However, this seemed to reduce the fixation of the
button switch. Satisfaction with the improved EMG switch
in the second feasibility test was found to be 3 points on
average, one point higher than in the first feasibility test. The
easily recognizable visualized (graph or number) method for
setting the threshold of an EMG signal seemed to have posi-
tive effects. It was reported that the process of connecting
to a smart device after connecting to a computer and setting
the threshold was still complicated, and it was also difficult
to make detailed adjustments to the threshold unit, even
though EMG signals were activated by attaching the device
to desired regions. A previous study, in which 60% of the
subjects, mostly disabled persons, suffered from difficulty
in hand functions as well as problems of language disorder,
suggested that the configuration of an operation interface
and the connectivity to an external input device should be
as simple and convenient as possible [14]. However, in the
second feasibility test we found major inconveniences to

include a lack of fixation in the configuration of the opera-
tion interface in the case of the button switch as well as the
need to connect to an external input device in the case of
the EMG switch. Therefore, before the third feasibility test,
methods for addressing these issues were reflected in the
improvement of the AAC device.

In the third feasibility test, satisfaction with the usability
of the necklace-type button switch was 4 points on aver-
age. The result was the same as that of the second feasibil-
ity test, but hemiplegic stroke survivors reported that the
difficulty in desired repeated button touches was remedied
by the improvement of the device portion so that it might
be suitable for the facial topography and detecting move-
ments on the more affected side. Moreover, it was noted
that the movement of the whole necklace-type button switch
could be fully improved by applying non-slip pad materials
to the surface of the necklace. However, it was proposed
that quadriplegic children with cerebral palsy would need
further reduction in the weight and volume of the device.
Although connection to an external battery was employed
in the second feasibility test to reduce weight, the button
switch developed for the third feasibility test employed an
embedded battery. Consequently, while the simplification
of battery connecting lines, thanks to the embedded bat-
tery, received high scores, the increase in the weight of the
battery for the sufficient time of usage was found to be an
appreciable burden to children with cerebral palsy. Cooper
et al. [22] stated that insufficient battery capacity could be
a significant burden to the users of AAC devices. However,
the increased battery weight required to increase battery use
time would make it necessary to develop an external battery
that could be selected by users. From the third feasibility
test, satisfaction with the usability of the EMG switch was
found to be 5 points on average. This 5-point score, one
point higher than that of the second feasibility test, is the
degree of satisfaction closest to a perfect score. The EMG
switch used in the first and second feasibility tests received
high satisfaction scores, mostly due to its small volume and
light weight; however, the process of setting the threshold
and the criterion for selection and movement were found to
be inconvenient. In contrast, in the third feasibility test, the
EMG switch was accompanied by an app that could be used
on smart devices (Android and iPhone OS). This meant that
Bluetooth connection was made directly to a smart device,
without the need to connect to a computer; EMG signals
were measured, and the threshold value (the criterion for a
signal), could be set by means of the developed bio-signal
transmission/reception software app. The developed app
allowed the threshold value to be set very precisely and
made it easy to visually identify the degree by which the
EMG signal value exceeded the set threshold value. In addi-
tion, an external battery was used to minimize volume and
maximize use time. As a result, very high satisfaction was
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obtained in the third feasibility test. Despite the very high
satisfaction, some users suggested that the program should
be integrated with AAC systems currently popularized, i.e.
it would be preferable if a bio-signal transmission/reception
software app capable of setting EMG signals were also to be
incorporated into one communication program.

This study developed a necklace-type button switch and
an EMG switch for augmented and alternative communica-
tion based on a total of three sessions of feasibility test-
ing. In the process of development, the necklace-type but-
ton switch, which used the mechanical inputting system,
was found to have the advantages that it was rarely non-
functional, like the existing button switches, it was cheap,
and it could be easily repaired. Despite the advantages
of the mechanical switch, however, it required a certain
level of physical functional ability for the movement nec-
essary for exact choice [5, 7, 8]. To supplement this, the
EMG switch may be usefully employed for those who have
more limited physical functional levels. However, existing
commercialized EMG switch products are expensive and
family members have great difficulty in understanding the
technical aspects of the devices [23]. In contrast, in the
development of this type of switch, this study used a com-
munication app on existing smart devices and developed
an EMG signal-setting app; thereby making it possible to
supply the low-cost EMG signal device at an affordable
price. Therefore, users could use the necklace-type button
switch and the EMG switch alternately according to their
requirements. In addition, the devices were also minimized
in volume. In the study of Cler et al. [2], the authors sug-
gested that EMG devices should be minimized in volume
and light for convenience, and in addition, should be com-
patible with other devices in software and interface. In
this respect, the necklace-type button switch and the EMG
switch from the present study may be useful in clinical
settings.

The feasibility tests of this study investigated satisfac-
tion with usability, convenience, and stability, but did not
compare the developed product with the existing AAC
devices with respect to message-generating hours. In addi-
tion, by using the Likert test as the measure of feasibil-
ity, the satisfaction of the patients with the device was
confirmed. However, the preferences for some questions
could not be investigated by this test. Finally, one of the
limitations of this study was its small sample size. We
conclude that for the popularization of the necklace-type
button switch and the EMG switch developed, it is neces-
sary to compare them with currently available products in
the studies conducted in the future.
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