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EEG RESPONDENCE TO AUDITORY STIMULI WITH JAPANESE LETTERS OF
AN ALS-TLS PATIENT

Takenobu INOUE?, Yuya OTOWA?, Misato NIHEI?, Motoki SHINO?,
Hisaya TANAKA?, Minoru KAMATA?
1 The National Rehabilitation Center for Persons with Disabilities,
2 The University of Tokyo, 3 Kogakuin University

INTRODUCTION

ALS (Amyotrophic Lateral Sclerosis) is
progressive disease. The physical impairment
begins with muscular weakness of upper or
lower extremities. Then, it progresses to
respiratory insufficiency and facial muscle
paralysis. Finally, eye movement is impaired
and in TLS (Total Locked-in State). E ven
though such a se vere situation, they are still
alive. It is important to improve their QOL.

Brain computer interface (BCI) te chnology
has high potential to make communication for
TLS patients. However, most of BCI research
and development projects arebasedo n
technical interests and very few BCI
technologies are available for ALS-TLS patients
in practical situation. There aretwo BCI
systems commercially available for TLS patients
in Japan; one system uses EEG and another
system uses near infrared sensor. One of the
problems of their s ystems is that the y only
allow the users to select “yes” or "no”. It is
difficult for the users to express their thoughts
actively.

Inoue® pointed out a significant problem of
current BCI systems and built a new concept of
a BCI system for the ALS-TLS patients based on
need investigations with the users. Most of the
systems need visual function that the ALS-TLS
patients are lost. He proposed the BCI system
with auditory stimulation of Japanese letters
and acquisition of P300.

The purpose of this study is to confirm if the
auditory stimulation BCI system can detect
P300 signal from the ALS-TLS patient. In order
to doit, we first make sure appropriate
stimulus method and analysis method with able
bodied subjects. A nd then, we conducted
experiments with the ALS-TLS patients.
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AUDITORY STIMULUS BCI SYSTEM

Figure 1 shows the concept of the auditory
stimulus BCI system that we built. It randomly
outputs sounds of Japanese letters; “&H(A)”, “\»
(DH","5 )", “A(E)","8(0)"......; from a speaker
or head set. Simultaneously, EEG is me asured
from the user, and then, these data are
analyzed in order to detect P300. This system
recognizes the letter with the most P300 as the
target letter that the user wants to select.

METHODS

Experimental condition

There are three points to make sure with
this experiment as follows,

1) Analysis method Maximum analysis,
frequency analysis or regression model
analysis.

2) Stimulation voice : Male or female voice.
3) Stimulation rate : 1, 2, or 4 time(s)/sec.

The maximum analysis detects maximum
amplitude within certain window and then
calculates significant difference’. The
frequency analysis detects frequency power of

P300 Analysis
. t ‘(A’?

I

Random Stimulus

g
5[

Auditory Stimulus

Figure 1: Concept of auditory stimulus BCI
system



P3002, The regression model analysis
estimates wave model from the data®, and

detects the maximum amplitude, then
calculates significant difference.
Subject

A subject who cooperates with this

experiment was a 59 year old male. He had an
onset of ALS 20 years ago and has been in TLS
for 10 years. He sometimes uses Mactos
system (Technos Japan Co.Ltd) in daily life,
that is one of the EEG-base brain
communication system.

Procedure

A PC (Dell Precision M65, Microsoft Windows
XP), an A/D board ( National Instruments,
DAQCard-6024E), a 4-chanel amplifier (Digitecs
Institute, BA1104-E), 3 electrodes (Fz, Cz, Pz)
and a bone conduction hearing aid (Temco
Japan, Kiku-chan) constituted measurement
system.

After setting the measurement system, we
conducted odd-ball trials with 20% higher beep
sound and 80% lower beep sound twice.

Then, al etter selection experiment was
conducted. In this experiment, 5 a uditory
stimuli; “&(A)”, "\ (1)","5 (U)”, “2(E)","H(0)";
with 20% appearance ratio each was randomly
output from the hearing aid wuntil 100
stimulations occurred. We asked the subject to
select each letter twice. So, 10 sessions made
1 set for 1 condition. Totally, 6 s ets were
conducted; 2 voices by 3 rates.

RESULTS

Odd-ball trials

The results of the 2 odd-ball trials showed
100% recognition rate. There was no
deference among the analysis methods. These
results suggested that the sub jects activated
brain activities even though he’s been in TLS
for long time.

Analysis methods

Figure 2 s hows the results from each
analysis method. T he frequency analysis
indicated lower recognition rate with every
electrode position. Although there is no

significant deference between the maximum
analysis and the regression model analysis, the
result of re gression model analysis from Cz
data showed the largest average recognition
rate.

Stimulation methods

Figure 3 shows the results with the
regression model analysis from each
stimulation method. In terms of the voice, the
female voice indicated the tendency of higher
recognition rate than the male voice in every
stimulation appearance ratio.

In terms of the stimulation appearance ratio,
the 2 sti muli/sec with female voice indicated
the highest recognition rate; 67 %, and the 4
stimuli/sec with female voice indicated the
secondly highest recognition rate; 60%.

—~ ~ . @Pp
o\080 z

260

a
O

o

Recognition R
[\
o

Maximum  Frequency Regression
analysis analysis analysis

Figure 2 : Results from each analysis method.

Male voice

( B Female voice

— N W N o0 \O
SO OO ODOO O

Recognition Rate (%)

4 stim/Sec

2 stim/Sec

1 stim/Sec

Figure 3 : Results from each stimulation method with
regression model analysis.




DISCUSSIONS

Brain activities of the ALS-TLS patient

The results, that we acquired from these
experiments, are incredible data, because they
suggested that the brain of the subject, who
had been in TLS for over 10 vyears, was
activated according to the auditory stimuli.
The data from the odd-ball trials shows some
sorts of evidence. In a ddition, the results of
experiments with auditory stimuli of Japanese
letters also suggested the brain activities of this
subject. This trial was one letter selection from
5 letters. Random recognition rate must be
20%, however, the results showed over 60 %.
It indicated that the subje cts responded to
intended letter other than the rarely appeared
high tone sounds.

These are only pilot data. However, these
results showed important possibility of QOL
improvement of ALS-TLS patients.

Data analysis method and stimulation method

As the results of this study, the regression
model analysis was an effective analysis
method on the auditory stimulation BCI system.
The results also revealed that the 2 stimuli/sec
with the female voice was an effective
stimulation method. The appearance ratio is
related to selection time. The results of 4
stimuli/sec with female voice indicated secondly
high recognition rate. It means that 25
seconds are needed for one letter selection.
This seems . to be eno ugh fast for
communication. We need to take more data in
order to make sure the possibility of the 4
stimuli/sec.

Auditory stimulation BCI system with Japanese
letters

Japanese letters are very unique because all
of the letters have one speech sound. It is a
good advantage for the auditory stimulation
BCI system. One stimulus corresponds to one
letter.

However, it is difficult to select a letter from

46 Japanese letters using P300 signal detection.

So, hierarchy structure with 3 levels must be
needed. For instance, first we select first part
or second part of the letter table, next select a
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row from 5 rows, and then select a letter from
5 letters in the ro w. It assumes that higher
recognition rate than 67% is needed. We'll try
to confirm the pos sibility to take higher
recognition rate. In addition to it, searc hing
better application for the ALS-TLS patients with
such a low rate system is also important. Any
expression from the ALS-TLS patients is very
significant and impressive for the users, family
members and care givers.

CONCLUSIONS

This study tried to confirm if the auditory
stimulation BCI system can detect P300 signal
from the ALS-TLS patient. As the results, we
confirmed the brain activity of the ALS patient
who has been in TLS for over 10 years. The
results suggested that the r egression model
analysis and the stimulation condition with 2
stimuli/sec with female voice are effective
methods on this system.
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A Study about Support System for the Use of Communication Devices for
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Abstract We report the result of survey of support organizations for communication of people with disabilities to expose
issue in improvement of support system for the use of communication devices for people with disabilities. The result showed:
1) People with disabilities needed many supports such as rental service, adaptation for switch, instrument setup, and training of
operation before and after communication devices intervention, 2) Communication device dealers had important critical roles
in implementation of these supports, but dealers shouldered an enormous burden under present system of the supply of the
prosthetic appliances, 3) To improve support system for the use of communication devices for people with disabilities,
distribution of roles about support between experts about rehabilitation in public sector, dealers and volunteer computer
supporters must be explored.
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Abstract. This paper describes the standardization of the evaluation scale to
measure psychosocial impacts of assistive products. J-PIADS (Japanese
Psychosocial Impact of Assistive Devices Scale) was formulated with translation
of an English version of the PIADS developed by Jutai et al. This scale is
composed of 26 items: compelence subscale, adaptability subscale and self-esteem
subscale. The test-retest investigation and the intemal consistency tests that were
conducted on the users of eye glasses, contact lenses, wheelchairs and prostheses
proves the scale to be reliable enough. Seiting the obvious base line was effective
on the good reliability. In addition, the inspections that were conducted on the
users of eye glasses, contact lenses and dysphemia reducing products support
validation of the J-PIADS.

Keywords. Outcome measurement, Psychological evaluation, Evidence based
practice, Assistive products

Introduction

Assistive products, which have important functions in supporting the life of persons
with disability, are widely used through the benefits of assistive equipments and daily
life tools and through the lending or benefit system of long term care insurance in
Japan. At the same time, it is becoming an increasingly important issue to evaluate the
effects of using such products.

Since assistive products are tools that are close to the user’s life, it is necessary to
choose and develop them by putting oneself in the user’s place. For this reason, the
psychological evaluation of assistive products is essential. In addition, changes in the
user’s psychology sometimes result in more independence in their daily lives and the
reduction in care burden. But the standardized way of determination that explains such
situation is not yet established.

The goal of this research is to develop an objective evaluation scale that defines
the user’s psychosocial impact of assistive products. Therefore we focus on PIADS

! Corresponding Author: Takenobu Inoue, Research Institute, The National Rehabilitation Center for Persons
with Disabilities, 4-1, Namiki, Tokorozawa, Saitama, 359-8555, JAPAN; E-mail: inoue-
takenbou@rechab.go.jp

123



50 T. Inoue et al. / Standardization of J-PIADS

(Psychosocial Impact of Assistive Devices Scale), which is widely used in America
and Europe. We made a Japanese version and inspected its reliability and validity.

1. Formulation of J-PIADS

PIADS is the evaluation scale, which Jutai and Day developed1). There are 26 items in
the scale. The PIADS is translated into French, Swedish, Spanish, Chinese and so on.
The J-PIADS, which we translated into Japanese in this project, is an evaluation scale
that target users of assistive products, and evaluates how users feel himsel&/herself with
using their assistive products. The questions are the following.

Users answer 26 items (Competence, Happiness, Independence, Adequacy,
Confusion, Efficiency, Self-esteem, Productivity, Security, Frustration, Usefulness,
Self-confidence, Expertise, Skillfulness, Well-being, Capability, QOL, Performance,
Sense of power, Sense of control, Embarrassment, Willingness to take chances, Ability
to participate, eagerness to try new things, Ability to adapt to the activities of daily
living, Ability to take advantage of opportunities) with seven-level rating system (-3 to
+3). Figure 1 shows a part of the J-PIADS form. There are shades put on three reverse
items (Confusion, Frustration, Embarrassment) in order to avoid scoring mistakes. We
also added an explanation about base line. The J-PIADS asks to rate the scale of each
item for the target device, comparing to the situation that the users imagine to lose the
target device at this moment.

Scores on the PIADS are summarized in 3 important quality of life domains which
are subscales of the PIADS: Adaptability (reflecting inclination or motivation to
participate socially and take risks), Competence (reflecting perceived functional
capability, independence and performance), Self-esteem (reflecting self-confidence,
self-esteem, and emotional well being). The J-PIADS also has same three subscales.

BHABOBEGA 4y —IL (PIADS)

ik, EBEIRATULSHIZ, ThALIEMCIYO LI RERLLELLTULS 243N
EH5&124L0TY, GrofHIZLT, AEIZEIZEST, HREOEAG OGN EOREEL
Litsie, TORBERL L2 GRIET LY ~DBA T, vAOPII” VT REOHILEHY FEL, HAKE, ©
1) @A K, DX &Y 07 L, FINIHASTT BN AFLUBmLELRLS
NSB/EIET 37T AL DT TTFE L, W OMDEBIIR U A Lail AN, 26 BHAY<T
CIEEFSG, ML YL TLAORCEISLE 07 TR T F Sy

HRPUREBLS b g ol U g - R W)
-3 -2 -1 0 1 2
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2) EEOIBRE (FHR) o o o o g o o
3) f)izf O o Q o o o o
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Figure 1. A part of J-PIADS form
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2. Reliability and Validity Tests

2.1. Method

In this project, we examined the reliability and the validity by investigating the users of
eye glasses, contact lenses, wheelchairs and prostheses. We also inspected the validity
by evaluating with this scale after the introduction of dysphemia reducing devices. The
subject attribution of each product is shown on Table 1. All data were acquired
through face to face interview or telephone interview.

For the reliability test, test-retest method was conducted with 3-week interval.
Each subject answers J-PIADS twice and the second data was acquired after 3 weeks of
the first data acquisition. Then, these Pearson’s correlation coefficients were calculated
to evaluate the test-retest results. The first data were also used to calculate Cronbach’s
coefficient alpha in evaluating internal consistency. These evaluation methods were
according to the standardization process of the English version of the PIADS.

The validity tesis were conducted with 2 steps. At the first step, the J-PIADS
scores of the eyeglasses and the contact lenses were calculated, then these results were
compared to the Jutai’s results of the English version 1). The second step was an
intervention study using the dysphemia reducing devices. Four subjects, who had
difficulty in daily conversation, participated in this study. Two of them had used the
ear metronome as dysphemia reducing devices, and the other two subjects had used
DAF (Delayed audory feedback). Frequencies of stuttering during telephone speech
were taken by speech pathologists in order to evaluate the efficacy of these devices.
The J-PIADS data were acquired when the speech pathologists figured out that the
efficacy of these devices were stable. Periods of use for each subject were as follows;
subject A : lyear and 8 months (metronome), subject B : lyear and 6 months (DAF),
subject C : 1year (metronome) and subject D : 6months (DAF).

Table 1. Subject attribution

Products Number of Subjeets Age Remarks
{Male, Female)
Eye glasses 22(3,19) 26.4x1.9
Contact lenses 20 (0, 20) 26.4+1.9
Wheelchairs 22 (20, 2) 40.2£7.6 Manual:7, Electric: 15
Prostheses 1413, 1) 57.9+12.9 Above knee: 9, Below knee: 3,
Below knee and above kaec:1,
Both arms: |
Dysphemia 4(2,2) 30.5+14.2 Mectronome:2,
reducing devices DAF (Delayed Auditory

Feedback) 2

2.2. Results of reliability tests

The results of the test-retest reliability and internal consistency, which are instituted on
the users of eyeglasses, contact lenses, wheelchairs and prostheses, are shown on Table
2. Most of the values of the test-retest evaluation are over 0.7 except 0.63 of the
wheelchair’s competence score and 0.69 of the wheelchair’s self-esteem. All scores of
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Table 2. Results of reliability tests

Eye glasses  Contact lenses  Wheelchairs Prostheses
Test-retest Total 0.82 0.92 0.74 0.87
Pearson Competence 0.83 0.86 0.63 0.94
Coeflicient Adaptability 0.93 0.94 0.78 0.96
Self-esteem 0.75 0.91 0.69 0.80
Internal Total 0.96 0.97 093 0.94
Consistency Competence 0.92 0.95 0.87 0.84
Cronbach a Adaptability 0.92 0.93 0.84 0.94
Self-esteem 0.89 0.90 0.79 0.75

contact lenses and prostheses were larger than or equal to 0.8. All values of the results
of internal consistency showed over 0.7. The lowest value was 0.75 of the prostheses’
self-esteem. These results reveal that the J-PIADS is on a highly reliable scale.

2.3. Results of validity tests

Figure 2 shows the J-PIADS score of eye glasses and contact lenses as a result of the
first step of the validity tests. All scores of contact lenses are larger than these of eye
glasses. Comparing differences between the eyeglasses and the contact lenses of each
subscale, the adaptability score was larger than the competence, and the self-esteem
score was larger than the adaptability. These tendencies make sense taking into
account of the function of the eyeglasses and contact lenses. These two devices have
almost same function for visual compensation. Difference between these two devices
appears on a point of view how the user looks like. It should make large impact on
self-esteem and also could make impact on adaptability for participation. These results
indicated similar trend to the results of English version of PIADS1). So, validity of J-
PIADS is supported by these results.

Table 3 shows the results of the second validity tests. All subjects had reduced the
frequency of stammering. In particular, subject C and D indicated less than 20 % and
their reduction rates are larger than subject A and B. On the other hand, the J-PIADS
total score of subject C and D indicated larger than subject A and B. It revealed that
subjects who have more reduction of the frequency of stuttering tend to indicate larger
psychological impact. These results prove the scales to be valid.

3
2.2 [ Eye glasses
1 ? B Contact
0.5 lenses

0

Figure 2. J-PIADS score of eycglasses and contact lenses
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Table 3. Results of dysphemia reducing devices

Subject Frequency of stammering (%) PIADS
Before After total score
A 24 5-25 27
B 35 22 17
C 62 4-12 42
D 40 11-18 38

3. Discussion

The results of reliability tests with the eyeglasses, the contact lenses, the wheelchairs
and the prostheses showed that the total score and each subscale of the J-PIADS had
high reliability. In addition to it, the results of Cronbach’s coefficient alpha indicated
that the J-PIADS had high reliability of internal consistency among each item of it.
These results from two points of view revealed the reliability of the J-PIADS that we
developed.

The results of validity tests with the eyeglasses and the contact lenses showed
similar tendency to the results of the English version. In addition, the difference in
each subscale between two devices makes sense of users’ way of thinking. These
results support a part of the validity of the J-PIADS. The results with the dysphemia
reducing devices showed a trend of the J-PIADS score related to the devices’ efficacy
on the users. These second results also support the validity of the J-PIADS. From
these two points of view, the validity of the J-PIADS was revealed. However, these
validity tests were not enough in order to indicate high level of validity of the J-PIADS,
because we need to investigate its validity from more various points of view. It will
take more time to do it.

The J-PIADS is only one tool to directly measure the psychosocial impact of the
assistive products on the users. Some other scales to measure psychosocial impacts or
QOL cannot eliminate the other effect on the users than the target assistive products.
On the other hand, it is difficult to acquire the stable answers about the psychosocial
impact. The reliability of the J-PIADS is relatively high with taking this difficulty into
account. One of the reasons of it is to set the obvious base line, which is the assumed
situation without the target device. The interview data acquisition is also effective on it.
These cautions, that are original of the Japanese version, are important to take the J-
PIADS data. It is also one of the valuable knowledge that we found in this research.

4. Conclusions

We formulated a J-PIADS as a scale that evaluates the psychological impact of
assistive products. This scale is composed of 26 items: competence subscale,
adaptability subscale and self-esteem subscale. The investigations that were conducted
on the users of eye glasses, contact lenses, wheelchairs and prostheses proves the scale
to be reliable enough. Setting the obvious base line was effective on the good
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reliability. In addition, the inspections that were conducted on the users of eye glasses,
contact lenses and dysphemia reducing products support validation of the J-PIADS.
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