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Abstract: This paper discusses how the recognition error 
of a voice-activated word-processor(VAWP) psychologically re-
lates to our document-composing behavior. Using a simulated 
VAWP, we experimented on how we are affected by input methods; 
monosyllable input and continuous speech input, from the view-
point of recognition accuracy and response time. Furthermore we 
estimated the VAWP of simulated continuous speech input and the 
word-processor(WP) connected to a monosyllable recognition sys-
tem we have developed. 
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INTRODUCTION 

There have been much efforts for voice 
recognition system because the system 
would be helpful for us to compose do-
cuments, letters, and memoranda. Peo-
ple can compose both any Japanese 
words and words of foreign origin by 
114 monosyllables. Hence a recognition 
of 114 monosyllables is enough for a 
voice-activated word-processor (VAWP) 
to substitute、 an ordinary word-
processor (WP) of manual typing. 

However recognition error always af-
fects us because the technology is not 
yet advanced enough for VAWP to have 
100% accuracy. Recent research for 
monosyllable recognition gives us an 
accuracy of about 80も (Kabasawa, et 
al. 1983). Furthermore we must utter 
syllables separately in the monosyl-
lable mode. Continuous speech does not 
have such constraint, but the continu-
ous is more difficult to recognize 
than the monosyllable because of co-
articulation, devocalization, and so 
on. 

Therefore the following discussion are 
important for us to develop VAWP; 

(1) Can the monosyllable recognition 
be used for composition if it has a 
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high recognition accuracy, for in-
stance, more than 95%? 

(2) Can the monosyllable recognition 
be used for composition if it ac-
tivates in real time? 

(3) Is the continuous speech in-
dispensable for VAWP even if its 
recognition accuracy is not so high? 

(4) How much of the accuracy should 
the continuous speech recognition 
have, at least? 

J .H.Gould, et al. studied on the human 
behavior of composing letters when 
people used a simulated word-
recognition system of large vocabulary 
(Gould, et al. 1983). Their study is 
based on the word recognition system. 
Their results are insufficient for us 
because we are developing a voice 
recognition system of infinite vocabu-
lary for VAWP. 

Using a simulated VAWP, we studied on 
how we are affected by input methods; 
monosyllable input and continuous 
speech input, from the view-point of 
recognition accuracy and response 
time. 

Considering the items above, the fol-
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lowing hypothesises were built up in 
our experiment; 

(Hypothesis-!) The continuous speech 
input would be preferable to the 
monosyllable. 

(Hypothesis-2) A difference in feeling 
between the continuous speech input 
and the monosyllable would depend on 
recognition accuracy and response 
time, and the difference would become 
little when recognition accuracy is 
high enough and response time is 
suffi.ciently short. ・ 

Recognition accuracy were 100%, 95も，
and 80も， andresponse time were 0.025 
sec and 1 sec in the experiment. A 
performance on the 100も accuracygives 
a basis for our experiment. The accu-
racy of 95も is the target in our 
development, and the 80% is the state 
of current technology, as described 
above. 

In the following section, we describe 
our experiment, its results and some 
discussion. 

Furthermore we continue estimating the 
VAWP of simulated continuous speech 
input and the WP connected to a 
monosyllable recognition system we 
have developed (Maehara, et al. 1983)・
We also describe the further experi一
ment and discussion. 

EXPERIMENT 

By a simulated VAWP, we examined how 
recognition accuracy and response time 
relate to input modes: monosyllable 
input and continuous speech input. We 
introduced the hypothesises described 
before in the experiment. 

subject: Twenty-four graduate 
school students of Naruto University 

of Education served as subjects. They 
consists of 14 males and 10 females. 
The age was about 28.5 year old in 
average. A half of them participated 
the monosyllable condition, and the 
another half was for the continuous 
speech. Both the ratio of males to fe-
males and the average age were equal 
in the two conditions. 

Design: A two X three X two ex-
perimental design with 12 subjects per 
group was used. The first factor was 
input mode: monosyllable input and 
continuous speech input. The second 
was recognition accuracy: 100も， 95も，
and 80も. The last was response time: 
0.025 sec and 1 sec. Only the first 
factor was among subjects because it 
was a heavy burden for a subject to 
participate both the monosyllable and 
the continuous speech. 

Material: We prepared six texts. 
Each text was picked out in a book for 
child psychology, edited to consist of 
50 BUNSETSUs(*), and made up of 246.5 
syllables in average. Table 1 shows 
an example of the texts. 

Equipment: We used a personal comput-
er: PC-9801 of NEC as a simulated 
VAWP, an audio tape deck: TECHNICS M77 
of National as a simulated voice input 
system, and a microphone: SM12A of 
SURE. 

Procedure: Subjects were instructed 
to read out the texts and to input it 
to the simulated VAWP. The input 
method was syllable by syllable, or 
BUNSETSU by BUNSETSU. In the monosyl-
lable condition, when they uttered a 
syllable and pressed a key appointed 
for input, a character came out on a 
display of the VAWP after an arranged 

(*) In this paper BUNSETSU means a 
smallest group of words with which we 
can recognize what it means. 

•Table 1 An example of texts 

子ども時代の／経験が／いつまでも／忘れられないのは／、記憶力が／さかんな／年頃の／

せいでもあるが／、見たり/111'1いたりする／ことに／はじめての／経験が／多いので／‘

強い／刺激だった／ためではないだろうか／。それから／、どうしても／必要な／ものは／

忘れにくい／。サルを／つかった／実験であるが／、えさを／かくした／場所を/1度／

兒せておいて／、数分後に／えさを／さがさせたところ／、空復な／サルほど／記憶が／

よかったと／報告されている／。ところが／、いくら／必要に／せまられていても／記憶した／

すぐ／あとに／強い／ショックを／あたえると／、記憶は／保たれない／。
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period: 0.025 sec or 1 sec. In the 
continuous speech input, when they 
read out the BUNSETSU and pushed the 
input key, a strings of characters 
appeared on the display with the fixed 
time delay. If the transaction was 
correct, they could go to next input. 
When the presentation was wrong, they 
had to repeat the same part and to 
press a key for revision. An accurate 
expression was.surely given once cor-
rected. For the monosyllable input, 
a key was assigned to an input of 
SOKUON, for example, which exists in 
GAKKOU (meaning school) in Japanese. 
Recognition errors of the 80% and 95% 
simulations happened randomly accord-
ing to pseudo random numbers. 

Table 2 describes a process of our 
experiment. At first subjects were 
given explanations of a mechanism of 
the VAWP and what they should do. 
Table 3 and 4 show their assignment. 
Before work、 they practiced on the 
VAWP. They can finish their work with-
out time limit. Subjects wrote down 
t~eir rating out of five grades on 
nine items shown in Table 5 as soon as 
finished a trial of the VAWP, and they 
went to next test. They read out six 
different texts according to the six 
distinct experimental design: three 
types for recognition accuracy and two 
conditions of response time. 

RESULTS AND DISCUSSION 

Figs. 1-9 show the mean rating value 
of each item in Table 5. Table 6 
shows significant main effects and in-
teraction given by analysis of vari-
ance. 

~he input mode was significant in all 
items except "difficult." 

The monosyllable input was a 
heavier load psychologically than the 
continuous speech. Moreover it is no-
ticeable that the interactions between 
the input mode and other factors were 

also significant. Psychological ef-
fect of the input mode varied with the 
recognition accuracy and the response 
time. 

Figs. 1-9 show little difference 
between the loads of the monosyllable 
input and the continuous speech in the 
condition of 100も and0.025 sec. The 
tendency in 95% and 0.025 sec is the 
same as the above. These two condi-
tions exhibited no statistically sig-
nificant difference. When the recogni-
tion accuracy was 80も， theload of the 
monosyllable input became large re-
gardless of the response time. On the 
other hand, the continuous speech was 
not under the influence of the recog-
nition accuracy and the response time. 

Moreover there were no significant in-
teraction between the recognition ac-
curacy and the response time. This 
was an unexpected outcome. This means 
that each of those factors affects us 
independently, and that they do not 
compensate each other. In other 
words, inaccuracy would not 
be allowable even if the re-
sponse time is quite short, 
and delay would not be ex-
cu sable even when the accuracy 
is high ・enough. 

The above discussion is summarized as 
follows; 

(1) Usually the monosyllable input is 
a heavier load to us than the continu-
ous speech. This verifies the 
hypothesis-1. 

(2) However, there is little differ-
ence between the loads of the 
monosyllable and the continuous speech 
if the recognition accuracy is high 
enough and the response time is quite 
short. This verifies the hypothesis- : 各妥裟
2. The difference becomes little :::::::::: 
enough when the accuracy is 95も. The ::::::::::. 
accuracy is not necessarily 100% for :::::::::~ 
disregard of the difference. People 

Table 2 Experimental Procedure 

(1) Guidance from the experimenter 

(2) Exercise 

(3) Work! 

I 
Rating 

• Work2 う
I 
Rating 

(4) Introspection 

Work3 ? 
I 
Rating 
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Work4~ 
I 
Rating 

Works • 
I 
Rating 

Work6 
I 
Rating 



can probably tolerate some 
tion errors. 

recogni-

(3) A slow response was a load to peo-
ple in some degree even if the recog-
nition is complete. 
A worse recognition than 80% would 
not be allowable in spite of a real 
time response. 

FURTHER EXPERIMENT 

The experiment described above con-
trasted the continuous 5peech input 

Table 3 Guidance for a sub-
ject in monosyllable condition 

(1) This system transforms 
your utterance through the mi-
crophone into letters. Howev-
er, KANA(*) -KANJI(**) trans-
lation can not be performed; 
KANA only, and it is without 
commas and periods. 

(2) Press "Input-Key" after 
uttering each syllable. The 
corresponding letter will ap-
pear on the CRT display. 

(3) When you fail to utter the 
syllable correctly, utter 
correctly again and press 
"Input-Key." 

(4) Always examine the 
correctness of the letter on 
the display, because the sys-
tem sometimes misrecognizes 
your utterance. 

(5) If recognition error oc-
curs, utter the syllable once 
again and press "Correction-
Key." The correction is effec-
tive only for each syllable 
just after uttering it. 

If you missed the 
error or noticed 
wards, leave it. 

recognition 
it , after-

(6) You can input small "tsu" 
(SOKUON) by pressing 
"Input-Key" after "tsu"-Key. 
That is, you hav,e to press two 
keys. 

(7) You do not necessarily 
have to finish the task quick-
ly. Be careful not to utter a 
wrong syllable and not to 
press a wrong key. 

with the monosyllable input. It is 
mainly to get a target for our 
development of VAWP. Furthermore, to 
compare the continuous speech and the 
monosyllable with manual typing, we 
continue evaluation of the VAWP of a 
simulated continuous speech input and 
the WP connected to a monosyllable 
recognition system we have developed. 

In this new experiment we compare the 
monosyllable input and the continuous 
speech with the input through a key-
board. The recognition accuracy of 

Table 4 Guidance for a sub-
ject in BUNSETSU condition 

(1) This system transforms 
your utterance through the mi-
crophone into letters. Howev-
er, KANA(*) -KANJI(**) trans-
lation can not be performed; 
KANA only, and it is without 
commas and periods. 

(2) Press "Input-Key" after 
uttering each BUNSETSU. The 
corresponding letters will ap-
pear on the CRT display. 

(3) When you fail to utter the 
BUNSETSU correctly, utter 
correctly again and press 
"Input-Key." 

(4) Always examine the 
correctness of the letters on 
the display, because the sys-
tem sometimes misrecognizes 
your utterance. 

(5) If recognition error oc-
curs, utter the BUNSETSU once 
again and press "Correction-
Key." The correction is effec-
tive only for each BUNSETSU 
just after uttering it. You 
have to utter the whole BUN-
SETSU even if only one syll-
able was wrong. 

If you missed the recognition 
error or noticed it after-
wards, leave it. 

(6) You do not necessarily 
have to finish the task quick-
ly. Be careful not to utter a 
wrong BUNSE'l'SU and not to 
press a wrong key. 

,
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~,' KANA means Japanese characters. 
KANJI means Chinese characters. 

the monosyllable depends on partici-
pants because the monosyllable recog-
nition system reacts to their utter-
ance. The average accuracy of the 
system is about 70も in the present 
system. We fix the accuracy of 
the continuous speech about 60% 
in the simulated continuous speech 
recognition system. 

At present, 
views; 

we get the following 

(1) Most participants prefer to the 
typing in comparison of the monosyll-
able to the manual typing. 

(2) The evaluation of the continuous 
speech vs. the typing is better than 
that of the monosyllable vs. the typ-
ing in spite of the inferiority of the 
accuracy of the continuous speech. 

CONCLUSION 

Voice recognition is helpful to us 
when we compose documents, but recog-
nition error alway:; affects us because 
the technology is not yet advanced 
enough for a voice-activated word-
processor to have 100% accuracy. It 
is important to know how the error re-
lates to our composing behavior. 

Using a simulated voice-activated 
word-processor, we experimented on how 
we are affected by input methods; 
monosyllable input and continuous 
speech input, from the view-point of 
recognition accuracy and response 
time. Recognition accuracy were 100%, 

Table 5 

95%, 
0.025 
and 80%, 
sec and 1 

We got 
results; 

the 

and response time were 
sec. 

following experimental 

(1) When recognition accuracy is 95も
and response time is 0.025 sec, the 
monosyllable input would be accept-
able. 

(2) When recognition accuracy is 80も，
the monosyllable input would not be 
acceptable regardless of response 
time. 

(3) The continuous speech input would 
be acceptable even when recognition 
accuracy is 80% and response time is 1 
sec. 

(4) Recognition accuracy and response 
time are psychologically independent 
factors; we could not say that some 
error would be acceptable if response 
time is short enough. 

Furthermore~e continue estimating the 
voice-activated word-processor of 
simulated continuous speech input and 
the word-processor connected to a 
monosyllable. recognition system we 
have developed. At present it can be 
said that the continuous speech input 
is preferable to the monosyllable in-
put even if the recognition accuracy 
of the continuous type is worse by 
about 10も thanthe monosyllable type. 
This further experiment is still con-
tinued, and we will present the 
results on the next opportunity. 

Rating Items 

Rate the work just done by 5-,point scales on the following items. 
Choose one alternative and encircle it. 

unfamiliar 
slow 
difficult 
irritating 
boring 
inconvenient 
troublesome 
unencouraging 
tiring 

very much 
rather 
a little 
barely 
never 

5
4
3
2
1
 

!l!l!li 

1
1
1
1
1
1
1
1
1
 

2
2
2
2
2
2
2
2
2
 

3
3
3
3
3
3
3
3
3
 

4
4
4
4
4
4
4
4
4
 

5
5
5
5
5
5
5
5
5
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Fig.7 Mean rating value of "troublesome" 
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Fig.8 Mean rating value of "unencouraging" 
(see Table 7)  

6u-i:.:xn 

5
 

4
 

3

2

1
 

● ● : monosyllable input 
0--0 : continuous speech input 

a
 

b
 
c
 
d
 
e f
 

Fig.9 Mean rating value of "tiring" 
(see Table 7 

l!l!l!lll!I! 

5
 

3
 

三
a
 

b
 
c
 

d
 
e 

f 

conditions a b C d e f 

recognition 
100 100 accuracy(%) 

95 95 80 80 

response 
0.025 time(sec) 1 0.025 1 0.025 1 

Description of conditions in Figs.1-9 
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Table 6 Significant main effects and interactions 

1) unfamil 1.ar : input mode 
recognition accuracy 
input mode X recognition accuracy 
input mode X response time 

2) slow: input mode 
recognition accuracy 

3) difficult : 

4) irritating : 

5) boring: 

6) . inconvenient 

7) troublesome 

8) unencouraging 

9) tiring 

input mode X response time 

recognition accuracy 

input mode 
recognition accuracy 
response time 
input mode X recognition accuracy 
input mode X response time 

input mode 
input mode X recognition accuracy 
input mode X response time 

input mode 
recognition accuracy 
response time 
input mode X recognition accuracy 
input mode X response time 

input mode 
recognition accuracy 
response time 
input mode X recognition accuracy 
input mode X response time 

input mode 
recognition accuracy 
response time 
input mode X recognition accuracy 
input mode X response time 

input mode 
recognition accuracy 
response time 
input mode X recognition accuracy 
input mode X response time 
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