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Key Words: Abstract. Aphasia is a disorder involving the disruption of language ability owing to brain injury. Prac-
Aphasia tical communication support tools for adults with aphasia have been proposed, some of which are used
Caregiver in therapy and daily communication. The recent development of specialized applications and information
Computerized communication aid technology, especially tablet computers and other portable devices, can improve communication between
Morphological analysis adults with aphasia, their caregivers, therapists, and others. The present study aimed to identify the needs
Questionnaires of adults with aphasia and caregiving family members concerning communication aids. This paper ana-
Utterance lyzes the behavior of adults with aphasia in a community to clarify the preliminary requirements of com-

puterized communication aid in Japanese for aphasics and their caregivers. The study data were obtained
through (1) responses to questionnaires conducted on aphasics and their caregiving family members and

Received: 11 March 2017 (2) a morphological investigation of aphasics in community-based rehabilitation training. The principal
Accepted: 2 May 2017 results can be summarized as follows: (i) adults with aphasia and their caregiving family members have
Published: 30 June 2017 difficulty communicating in various situations in their daily lives; among these, the most serious issue is

the ability to share the conditions of the adult with aphasia; (ii) the noun utterances of the participants
were diverse in terms of the frequency and content of uttered nouns; and (iii) the verbs frequently uttered
by the adults with aphasia were limited in number. Based on these findings, the preliminary conceptual de-
sign of a computer-based communication support tool is discussed as follows: (a) in addition to language
impediments, adults with aphasia are more or less paralyzed; however, portable tablet PCs incorporating
communication support software represent a promising communication aid; and (b) since the tendencies
of verb and noun utterances differed among the participants, at least two different types of communication
software should be implemented on tablet PCs.

© 2017 The Author(s). Published by TAF Publishing.

INTRODUCTION

Aphasia is a disorder involving the disruption of language ability owing to brain injury
that disturbs all language skills, including speaking, hearing, reading and writing [1, 2].
In most cases, aphasia is caused by stroke; therefore, individuals with aphasia tend to
be older adults. It is important for persons with aphasia to pay attention to their activ-
ity and participation levels, as opposed to their level of impairment [3]. The purpose of
the present study was to identify the needs of adults with aphasia and caregiving family
members in terms of communication aids. This paper presents an analysis of the behav-
ior of adults with aphasia in a community to clarify so the preliminary requirements of a
computer-based communication aid for aphasics and their caregivers. Section Il reviews
related literatures of aphasia. Section III describes the research methodology of this pa-
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per. Section IV describes the activities of a researched community-based aphasic group,
where, in addition to running a rehabilitation program, volunteers and Speech-Language-
Hearing Therapists (STs) try to create a communication-friendly environment for adults
with aphasia by meeting other aphasics on a regular basis. Section V describes the results
of an analysis of responses to the questionnaire survey conducted on aphasics and their
caregiving family members.

Section VI describes the results of the utterances of aphasics at meetings from 2012 to
2016. Section VII discusses the preliminary requirements of a computer-based communi-
cation aid in Japanese for adults with aphasia in a community and their caregivers. Finally,
Section VIII summarizes the obtained research results. The author has been carrying out
participative observation in a community-based aphasia support group for more than four
years. The study data were obtained through:

(1) Responses to questionnaires conducted on aphasics and their caregiving family mem-
bers.

(2) A morphological investigation of the utterances of aphasics in community-based reha-
bilitation training.

Although [4, 5] researched the same aphasic group investigated in the present study,
the novelty of the present research is as follows:

(1) The questionnaire survey revealed necessary items for communication between adults
with aphasia and their caregivers to clarify the requirements of a computer-based commu-
nication aid, which are described in Section V.

(2) The study period of the present research is longer than that of the previous two stud-
ies; therefore, the present study was able to compare the utterance activities of the first
two years to that of the second two years, which is described in Section VI.

(3) The above results reveal conceptual considerations for a computer-based communi-
cation aid in Japanese for adults with aphasia and their caregivers, which are described in
Section VII.

LITERATURE REVIEW

Previous studies have examined a variety of perspectives regarding aphasia, including as-
sessments and interventions for rehabilitation [6, 7, 8] communication training [9, 10, 11]
community support [12, 13, 14, 15, 16, 17] verb and noun utterances and other language-
related aspects [18, 19, 20, 21] and computer and communication aids [22, 23, 24, 25, 26].
Aphasics tend to have reading, writing, listening, and speaking disabilities. If an aphasic
has a physical disability in their writing hand, speaking becomes even more important in
expressing their will, even though they still tend to have difficulties in articulation, verbal
frequency, word-finding, and syntax, among others. The role of computer-based technol-
ogy for aphasia rehabilitation and communication support is becoming increasingly im-
portant.

An assessment of aphasia using an iPad-based application has been carried out in
English-speaking countries [22] and the effects of word order on therapy and Japanese
comprehension have been investigated [10, 18]. However, previous research has revealed
the limited aspects of communication aids for the Japanese language. To the author’s
knowledge, there has been no report on the requirements of a computer-based communi-
cation aid for adults with aphasia and their caregivers in a Japanese community based on
the survey on them as well as the analysis of utterance of the aphasics.
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RESEARCH METHODOLOGY

This section describes a research procedure for the requirements of a computer-based
communication aid for adults with aphasia and their caregivers in a Japanese community.
The procedure is as follows:

(1) The activities of a researched community-based aphasic group for Japanese adults with
aphasia by meeting other aphasics on a regular basis. (Section 1V)

(2) The questionnaire survey conducted on aphasics and their caregiving family members
in a Japanese community and the analysis of their responses. (Section V)

(3) The morphological analysis of the utterances of aphasics at monthly meetings in four
years. (Section VI)

(4) The discussion on the preliminary requirements of a computer-based communication
aid in Japanese for adults with aphasia in a community and their caregivers. (Section VII)

Researched Community-Based Aphasic Group

The WHO advocates shifting attention in treatment to activity and participation levels as
opposed to the level of impairment [27]. In the field of aphasia rehabilitation, this means
that concepts such as functional communication and communicative roles are becoming
increasingly important for clinicians and researchers, and recent publications have shown
an increased focus on activity and participation levels [3]. Some rehabilitation programs
and activities for aphasics have been organized under the framework of the International
Classification of Functioning Disability and Health (ICF) model proposed by the WHO. The
ICF model synthesizes the medical and the social approach to health care for people with
chronic diseases in daily life.

The Yokohama Aphasia Partner Group in Yokohama, Japan, is an example of this ap-
proach [28]. The participants of the present study were members of the Yokohama Apha-
sia Partner Group, their families, STs, psychiatric social workers, and volunteers from Yoko-
hama. After the onset of brain hemorrhage and hospital treatment for a certain period, the
adults with aphasia returned to living in their communities. At the time of this study, 20
adults with aphasia, most of whom were in their 50s or 60s, were registered as group
members. About 10-15 members typically attend each monthly meeting. The monthly
meetings include the following four programs:

Program 1: “Warm-up physical exercises and vocal training” conducted by STs,

Program 2: “Individual oral presentations of recent activities” with the support of other
members, STs, and volunteers (more time is typically devoted to this program).

Program 3: “Language games for training”.

Program 4: “Singing Japanese children’s songs together”.

It should be noted that at the meetings, some aphasics are assisted by STs or volun-
teers in giving their presentations.

RESEARCH RESULTS

Research Results 1, Questinnaires conducted on Aphasics and their Caregiving Familiy

Members

An investigation of members with aphasia and their caregiving family members was car-
ried out using questionnaire surveys sent to all members and their families in 2015 [28].
The questionnaires were completed and returned by 10 of the 20 members, some of whom
needed assistance from their family members to complete the surveys.
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Members with aphasia

The questionnaire survey conducted on aphasics included the following items:
1) Motivational factors for attending the monthly meetings.

2) Effective programs in the monthly meetings.

3) Frequent community activities.

Figures 1, 2, and 3 show the aphasics’ motivational factors for attending monthly
meetings, effective programs in the monthly meetings, and frequent community activities,
respectively. The results indicate that, in addition to medical or biological treatment, apha-
sics are interested in community-based mutual support, which improves their activity and
participation levels in the ICF model.

Information exchange among aphasics' family members

Obtaining informatien on aphasia

Rehabilitation for aphasia and the recovery of language functions

Number of members

FIGURE 1. Aphasics’ motivational factors for attending monthly meetings
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FIGURE 2. Frequent community activities

Aphasics’ caregiving family members

The questionnaire survey conducted on the aphasics’ caregiving family members included
the following items:

1) Useful messages from a caregiver to an aphasic if portable communication assistance is
available.

2) Useful messages from an aphasic to a caregiver if portable communication assistance is
available.

3) Caregiving family members’ requests to the welfare administration.
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Figures 4, 5, and 6 show the results of the above three items, respectively. The results
indicate that portable communication assistance is important because communication be-
tween aphasics and their caregiving family members is essential for promoting increased
activity levels.

Money-related issues

General requests to aphasics
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FIGURE 3. Useful messages from caregivers to aphasics through portable communication
assistance
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FIGURE 4. Useful messages from aphasics to caregivers through portable communication
assistance
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FIGURE 5. Caregiving family members’ requests to the welfare administration

Research Results 2, Morphological Investigation of Aphasics Speech

The oral presentations of recent activities given by members at monthly meetings were
recorded for analysis over a four-year period from June 2012 to May 2016. The members
were four males in their 50s and 60s (Members A, B, C, and D). Table 1 summarizes the
utterances of the four members. Although all four members were more or less able to un-
derstand one another, their fluency levels differed. The four male members tended to the
show the symptoms of Broca’s aphasia, namely problems in their oral expression ability.
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The measurement and analysis tools employed are as follows:

a) A voice recorder.

b) A PC with Microsoft Word.

c) The following data processing software:

c-1) R (open-source software for statistical analysis)[29].

c-2) MeCab (open-source Japanese language morphological analysis software) [30].

c-3) Microsoft Excel (table calculation software). The analysis procedure was as follows:
A. At monthly meetings

a-1) utterances at monthly meetings were recorded.

a-2) uttered key phases or words were recorded in text files.

B. After monthly meetings

b-1) a complete meeting record draft was composed as a text file.

b-2) another volunteer corrected the meeting record where necessary.

b-3) the meeting record was printed and distributed to the members, STs, and volunteers
for confirmation.

b-4) the utterance data of Program 2: “Individual oral presentations of recent activities”
of members A, B, C, D were extracted for analysis. *b-5) R open-source software for statis-

TABLE 1. Attributes of the four male

members
Items /Members A B C D
Onset age (years) 61 59 NA 59
Current age (years) (*) 66 64 NA 63
Evaluation Hearing 3 3 3 3
Fluency 2 3 1 2
Sociality 1 3 3 2

Notes

NA= not available, but over 60

(*) Ages in 2015

Evaluation: 1 severly imapried, 2 = some what impaired, 3 = midly impaired,
Hearing: ability to understand to understand spoken speech,

Fluency: ability to utter and communicate thoughts,

Socially: activities outside the homewith an an acquaintance

tical analysis and R with MeCab open-source software were used to analyze the utterance
data of the four members.
b-6) the analyzed results were stored in an Excel file.

Figure 7 shows the number of talks given in Periods I and II, with Period I cover-
ing June 2012 to May 2014, and Period II covering June 2016 to May 2016. The number
of talks increased from Period I to Period II. This might have been because the members
became increasingly used to their living environments, and/or because the STs and volun-
teers gained a better understanding of the members’ individual characteristics. Although
Member A showed a passive attitude toward communication, he still responded to the in-
quiries from other members. Members B and C talked spontaneously. Member D’s attitude
was considered as being between Member A and Members B and C.
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FIGURE 6. Number of talks in Periods I and II
Period I: June 2012 to May 2014
Period II: June 2016 to May 2016
Morphological investigation of nouns
Table 2 shows the results of the noun analysis, including the number of extracted nouns
and the number of different nouns (as opposed to the total number of uttered nouns).
Figure 8 shows the number of nouns uttered in Periods I and II, with Period I covering
June 2012 to May 2014, and Period II covering June 2016 to May 2016. Since aphasics have
limited speaking ability, simple word categorization was introduced; namely, nouns were
grouped into “common nouns” and “proper nouns”. The results suggest that the utterances
of the four members were diverse in terms of the frequency and content of their uttered
nouns. These differences might reflect their own disabilities and living environments.
TABLE 2. Summary of uttered nouns
Items A B C D
Numbers of attended meetings 34 44 36 33
Numbers of extracted nouns 259 1546 774 369
Numbers of different nouns 181 685 409 202
Numbers of Nouns > 1 % 17 5 9 18
Nouns Ty-Fr-Rat- Nouns Ty-Fr-Rat- Nouns Ty-Fr-Rat- Nouns Ty-Fr-Rat-
Mountain C-8-0.03 Baseball C-32-0.02 Meeting C-16-0.02 Today C-17-0.05
Elder sister C-8-0.03 Japan P-22-0.02 Rapport P-13-0.02 Grandchild C-14-0.04
Television C-6-0.02 Championship  C-20-0.01 Alcholic C-12-0.02 Home C-9-0.02
News C-6-0.02 High School C-19-0.01 Beer C-11-0.01 Daughter C-9-0.02
Bus C-5-0.02 Final game C-14-0.01 Yokohama P-12-0.02 Age C-8-0.02
Home C-5-0.02 Shin-Yokohama  P-12-0.02 Boy C-8-0.02
Talk C-5-0.02 Year €-10-0.01 Thing C-7-0.02
Ireland P-4-0.02 Number of times  C-10-0.05 Frquency C-7-0.02
Gumyoji P-4-0.02 Friend C-9-0.01 Girl C-7-0.02
Station C-3-0.01 Young age C-5-0.01
Foreign Contries C-3-0.01 Architect C-5-0.01
Now C-3-0.01 Examination C-5-0.01
Walk C-3-0.01 Time C-5-0.01
Zushi P-3-0.01 Older age C-5-0.01
Sumo C-4-0.02 Name C-5-0.01
Train C-3-0.01 First Thing C-4-0.01
Friend C-3-0.01 House hold C-4-0.01
Plan C-4-0.01
notes
Ty = noun type, C: common noun, P: proper noun
Fr= utterance frequancy
Rat= utterance ratio
ISSN: 2517-9616 S TAF
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Morphological investigation of verbs

Table 3 shows the results of the verb analysis, including the number of extracted verbs,
the number of different verbs (as opposed to the total number of uttered verbs), and the
frequency of uttered verbs (higher than 1%). Since aphasics have limited speaking ability,
verbs were roughly classified into those that express either “states” or “actions”. The re-
sults also show that five verbs (“go
uttered by all four members, and three verbs (“see” or “watch”, “become”, and “walk”) were
frequently uttered by three members. Figure 8 shows the total number of verbs and dif-
ferent verbs in Periods I and II, with Period I covering June 2012 to May 2014, and Period
I covering June 2016 to May 2016. It shows that the number of different verbs among the

” o« » «

, stay’,

» o«

four members was almost the same in Periods I and II.

TABLE 3. Summary of uttered nouns

exit”, “come”, and “carry out”) were frequently

Items A B C D
Numbers of attended meetings 34 44 36 33
Numbers of extracted verbs 164 384 307 158
Numbers of different verbs 13 16 14 24
Numbers of verbs > 1 % 13 16 14 24
Verb Ty-Fr-Rat- Verb Ty-Fr-Rat- Verb Ty-Fr-Rat- Verb Ty-Fr-Rat-
Go (4) A-39-0.238 Stay (4) $-78-0.203 Go (4) A-112-0.365 Stay (4) $-41-0.259
Stay (4) S-25-0.152 Do something (4) A-68-0.0177 Do something (4) A-43-0.14 Exist (4) S-17-0.108
Exist (4) A-21-0.128 Become (3) $-48-0.125 Stay (4) $-36-0.117 Come (4) A-19-0.12
Seeor watch (4)  A-19-0.116 Exist (4) $-39-0.102 Drink A-27-0.088 Do something (4) A-14-0.089
Do something (4) A-15-0.091 Go(4) A-38-0.099 Exist (4) S-18-0.059 Speak A-7-0.044
Speak A-10-0.061 Think A-25-0.065 See or watch (4)  A-15-0.049 Go (4) A-8-0.051
Walk (3) A-9-0.0.55 See or watch A-13-0.034 Come (4) A-15-0.049 Pass A-5-0.032
Eat A-7-0.043 Begine A-13-0.034 Caryy out (3) A-8-0.026 Be injected A-5-0.032
Come (4) A-5-0.03 Walk (3) A-11-0.029 Become (3) S-7-0.023 Become (3) S-4-0.025
Hear A-5-0.03 Finish A-9-0.023 Get together A-6-0.02 Be born S-4-0.025
Climb A-4-0.024 Play Sports A-8-0.021 Walk A-6-0.02 Give something A-3-0.019
Go out A-3-0.018 Carry out A-8-0.021 Go back A-6-0.02 Perform A-3-0.019
Live S-2-0.012 Be done A-7-0.018 Sing A-4-0.013 Carry out A-3-0.019
Win A-7-0.018 Get down A-4-0.013 Think A-3-0.019
Come (4) A-6-0.016 Live S-3-0.019
Be settled A-6-0.016 Time goes by A-2-0.013
Receive A-2-0.013
Getup A-2-0.013
30
25 DI
]
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FIGURE 7. Number of uttered verbs in Periods I and II
Period I: June 2012 to May 2014
Period II: June 2016 to May 2016
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DISCUSSION ON PRELIMINARY CONCEPTUAL DESIGN OF COMPUTER-BASED COM-
MUNICATION SUPPORT

Section V described the results of an analysis of responses to the questionnaire survey
conducted on aphasics and their caregiving family members. Section VI discussed the
morphological analysis of the utterances of aphasics. There have been some reports on
Japanese adults with aphasia in connection with therapy and Japanese language compre-
hension [10, 18]. However, previous research has discussed the limited aspects of commu-
nication aids for the Japanese language. This Section discusses the preliminary require-
ments of a computer-based communication aid in Japanese for adults with aphasia in a
community and their caregivers. The principal results of Sections V and VI are summa-
rized as follows:

(i) adults with aphasia and their caregiving family members have difficulty communicat-
ing in various situations in their daily lives. Among these, the most serious issue is sharing
the conditions of the adult with aphasia.

(ii) the noun utterances of the subjects were diversified in terms of their frequency and
content.

(iii) the verbs frequently uttered by the adults with aphasia were limited in number.

Based on these findings, the preliminary conceptual design of a computer-based com-
munication support tool for adults with aphasia, especially Broca’s aphasia, is discussed.
The following three characteristic points of Broca’s aphasia should be considered:

(1) individuals with Broca’s aphasia find speaking fluently substantially more difficult than
hearing or comprehension.

(2) phonograms (katakana and hiragana in Japanese) are more difficult to understand than
ideograms (Kanji in Japanese), whose forms originated from actual figures. Moreover, it is
easier for adults with aphasia to recognize pictograms and pictures than Kanji.

(3) aphasia in most adults is due to stroke, including cerebral thrombosis, infarction, and
subarachnoid hemorrhage. Therefore, in addition to language impediments, adults with
aphasia are more or less paralyzed. As shown in Table 1, the age of onset was over 50
years for all four members. They were frequently paralyzed on the right side of their bod-
ies, which often causes difficulties in writing for right-handers.

Considering the above characteristic points regarding Broca’s aphasia, the principal
usage requirements for communication aids are as follows:

(1) communication participants: aphasics and their caregivers.

(2) caregivers: aged persons who are not skilled at using computers and components such
as keyboards; voice recognition software is preferable as an input device.

(3) aphasics: visual symbols and illustration-based input devices.

Portable tablet PCs with communication support software are promising candidates

as a communication aid. Such devices have the following requirements:

(A) base computer: a tablet PC with a touch panel, microphone.

(B) computer-human interface for aphasics: a touch panel that enables aphasics to draw
figures, write characters, and use other visual communication aids.

(C) computer-human interface for caregivers: a microphone that can produce speech out-
put.

(D) processed contents: voice, words, maps, graphics, and other visual aids.

Since the verbs and noun utterance tendencies differed among the investigated mem-
bers, at least two different communication-support functions should be implemented in a
tablet PC. The following iPad applications potentially meet these requirements.

(a) Talking aid - symbol input version (U-PLUS, Japan)
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(b) SpeechCanvas (FEAT, Japan)
(c) Digital map (supplemental software)

“Talking aid - symbol input version” (U-PLUS, n.d.) was developed for persons who
have difficulty in verbal communication. A user selects small illustrations shown on a
touch panel that represent verbs or nouns. A selected word sequence is shown on the
display. Itis also converted to a synthesized voice so that a person without disabilities can
understand them in a multimodal way. “SpeechCanvas” [31, 32, 33] was initially developed
as a communication aid between deaf and mute individuals and those without disabilities.
It converts the voices of people without disabilities to letters that deaf and mute individ-
uals can understand by looking at the display. In addition, deaf and mute individuals can
draw figures or write characters on the touch panel using their fingers to communicate
with others. “Digital map” is a touch display application that can be freely expanded and
reduced.

FIGURE 8. Left hand fingers touching to tablet PC screens. (a)Taking aid-symbol input version,
(b)SpeechCanvas

Since the functions of these applications are limited and they compensated each other,
the adults with aphasia should select an application in accordance to what kind of a mes-
sage they want to express. Figure 8 (a) and (b) show left hand fingers touching to tablet
PC screens of “Talking aid - symbol input version” and “SpeechCanvas” so that the adults
with aphasia effectively express their messages non-verbally respectively. Figure 9 shows
a schematic illustration of communication between an aphasic and a caregiver based on
the above design considerations.

CONCLUSION

This study aimed to describe an analysis of the behavior of adults with aphasia in a com-
munity. The following data were analyzed:

(1) the responses to questionnaires conducted on aphasics and their caregiving family
members.

(2) amorphological investigation of the utterance of Broca’s aphasics in community-based
rehabilitation training.
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Based on the results, a preliminary conceptual design for a computer-based communica-
tion support tool was discussed. The obtained research results are summarized as follows:
(1) aphasics are interested in community-based mutual support, which, in addition to
medical or biological treatment, improves their social environment and other contextual
life factors of the ICF model.

(2) portable communication assistance could potentially be useful because communica-
tion between aphasics and their caregiving family members is essential for promoting in-
creased activity levels.

(3) a preliminary conceptual design for a computer-based communication aid for Broca’s
aphasics and their caregivers was proposed. An iPad with an application that supports
communication for those with disabilities was found to be a potential candidate.

The noun utterances investigated in the present study were diverse in terms of fre-
quency and content. A computer-based communication aid system can be easily and dy-
namically adapted to personal needs. The proposed system provides the following three
possible ways:

(i) drawing pictures or writing characters on a touch panel display using the fingers.

(ii) selecting small illustrations on a touch panel and converting them to a synthesized
voice so that a person without disabilities can understand them in a multimodal way.

(iii) “Digital map” can show a location freely by expanding and reducing the area of the
touch panel. Furthermore, the uttered verbs were not as diverse as the uttered nouns.
Therefore, (i) and/or (ii) above might be more convenient.

In a future study, we plan to conduct further investigations to confirm the effectiveness of
a computer-based communication aid. Such investigations could include:

(a) field tests of communication between adults with Broca’s aphasia, who have difficulties
with oral expression, and caregiving family members to clarify the usability of the commu-
nication aid.

(b) an investigation involving adults with Wernicke's Aphasia, who have serious difficul-
ties with comprehension.

(c) the application of a computer-based communication aid to those with other disabilities
who have difficulties in communication.

Aphasic

Communication Careqiver
. support tablet

i

LI LI B ]

FIGURE 9. Schematic illustration of communication between an aphasic and a caregiver

(d) an investigation in regard to artificial intelligence and novel human interface technolo-
gies such as brain-computer and other augmentative interfaces [25, 26].
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