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ABSTRACT 2. PRINCIPLES BEHIND THE
EXPERIMENTS

This study demonstrated that the time-scale expansion of
speech with the constant pitch (henceforth, expanded spee?)l S ial .
enhanced the speech recitigm of Japanese learners of < - equential processing

English in contrast to the previous studies in which the timgg, jistening to the speech sounds, the flow of speech prohibits
scale expanded speeches did not contribute to the SPegel jisteners to stick to one point or to review the previous
recognition chiefly because of the severe distortion of Or'g'n%hrases and forces them to process the speech sequentially.
speech and pitch change [1]. Experiments were administergfq foreign language learners who are notiliamwith the

with the stimuli of original normal speech and they,y order of the language have difficulty in this way of
corresponding expanded speech. These results showed that essing.

expanded speech stimuli were intelligible to many of the

subjects. The hypotheses are that the expanded speéchstener’s processing time plays an important role in auditory
enhances a listener’s speech processing and it also enablessiieech processing of the foreign language. There are several
listener to call into play virtual memory capacity for an on-lindactors that would affect his or her processing time, speech rate,
speech processing, which are more apparent in a longaticulation clarity, the length of a sentence, and so on.
stimulus. The expanded speech worked well with most subjects.

Another prescriptions should be prepared for the rest of ti22. Speech rate and articulation clarity

subjects for whom the expanded speech was not solely much . )
effective. Slow speech is less than 160 words per minute (henceforth,

[wpm]), normal speech ranges from 160 to 190 [wpm],
1. INTRODUCTION moderately fast speech from 190 to 210 and fast speech is
more than 210 [4]. When the matching of the transmission

Performance of auditory speech processing is determined tates between a talker and a listener are not established, the
various factors, one of which is speech rate. Matching of tHistener feels understanding the other is fairly difficult. Besides
transmission rates between a talker and a listener is not alwdlye matching of the transmission rates between talkers and
established. Generally, it is made possible by the effort of Isteners, the distortion of the sounds in a fast speech
listener who tries to adjust his rate of speech communication deteriorates the listener’'s comprehension, especially in a
that of the other party [1]. Most foreign language learnerfreign language speech recdgm.
frequently feel that a speech they are listening to is too fast for
them to understand. They even find that incoming sound.3. Sentence length
sequences are inseparable, which is thought to make lexical .
access more difficult. An adult native speaker of English will N& sentence length can be measured by duration [ms], the
be able to respond immediately that a statement like “You c&mber of words and syllables. In the present study, it is
start a fire with a match.” is true, while “People eat througf’€@sured by the number of words, because the word is
their noses.” is false. Therefore the degree to which a forei%r?ns'dered as a basis for processing speech. The effort has
language learner approximates to the native speakirirsk P€€N made to avert the multisyllabic words to minimize the
evaluating such statements might enable us to assess his ordifgrence of the sentence length counted by the number of
ability of auditory processing [2]. With recent development o¥Vords and syllables. In general, the longer the sentence is, the
speech technology, various methods have been developedTgre difficult for the listener to process it.

enhance auditory speech processing [3]. 2.4. Time-scale modification of speech

Time-scale modification of speech (henceforce, TSM) can
mean both expansion and compression. Although effects of
compression on foreign language learning have been studied
[5], we will focus here on time-scale expansion. Apparently,
speech rate can be easily altered by varying the rotating speed
of a disk player or tape recorder, it is accompanied by a pitch



change in proportion to the change of rate, and thus the lossctdssified into two types of statements: true and false
speech intelligibility is inevitable. In order to solve thisstatements. Consider the following examples.

problem, various methods to modify the time-scale have been True statement: You can start a fire with a match.

proposed and perceptual experiments have been reported. False statement: People eat through their noses.

Among them, some studies are focused on speech iidoagn Syntactic structures of these sentences were restricted to those
of a foreign language [6]. The time-scale modification methothught in junior high schools and in part taught in high schools.
developed by Misaki, M. and his co-workers is able to solv&hey are four kinds of stimulus: original speech of true/false
the fundamental problems associated with these conventioséhtement and corresponding expanded speech of true/false
time-scale modification methods in that the expanded speestatement. Expanded speech was TSM 2.00.

still keeps almost the same pitch as the original speech. In

addition, the distortion caused by time-scale modification is Original TSM 2.00
quite small [1]. Average length [sec] 2.75 5.50
. Average speech rate [wpm 200.0 100.0

The experiment reported in Nakayama, K. et al. 1998, 1998 lia . : —
press employed stimuli of original and expanded speech [3, ﬂgble 1: Comparison of original/expanded speech

TSM ratio of 1.50 (henceforth, TSM 1.50). The experimentsphe sypjects listen to the sentence of the same meaning twice,
reported here employed the expanded speech (TSM 2.0Bhe is the original speech and the other is the expanded speech.
which is considered to expand the processing time which Weapetition effects were not observed as in Nakayama et al.

thought to play an important role. In agion, longer stimuli 1998 in press [7], however, the order of stimuli is

were employed than those in the previous studies [3, Wounterbalanced among the original speech and expanded
Although we must admit that articulation (clarity) decreasegpeech stimuli.

when TSM ratio is larger than 1.50, we still believe that the
subjects would better understand speech whose ratio is lar@e8.3 Procedures
than 1.50 or 2.00, when people want to understand the spe%:

h . .
better subject was asked to judge that the statement was true or

false. S/he was seated in front of a computer display and wore

a headphone. When s/he was ready, s/he clicked the start
3. EXPERIMENT 1 button on the display. Then after two seconds, the stimulus was
. presented binaurally. It was presented only once. S/he listened
3.1. Screenmg test to it and clicked a circle (meaning true) or a cross (meaning

All subjects received a screening test with five stimuli in thé2!Se) within five seconds. The stimulus is presented in the
methods employed in the experiment. Those who understofRilowing sequence.
the procedures and responded more than or equal to 60 percent

correctly were qualified as the subjects of the experiment. "

. : . Stimulus Next
Throughout the test, each subject tuned the volume with which Response Stimulus
they like to listen to the stimuli. Start Time IS
3.2. Purpose 2sec— <« bsec — | «2sec—
The experiment was designed to demonstrate the enhancement

observed in the expanded speech stimuli. There is 0||1I tands for inter-stimulus int |

hypothesis to be investigated in experiment 1, that th stands forinter-stimufus interva

expanded speech enhances a listener’'s speech processing, i

English. %4 Results
Out of 289, the sum of correct responses to the original speech

3.3. Methods and those to the expanded speech were 193 and 199,

3.3.1 Subjects respectively. The statistical test p.erformed on the nqmpgr of
the correct responses of each stimuli showed no significant

Subjects were 17 university students (12 males, 5 females). difference (t (6)=0.61, p>0.05).

3.3.2. Stimuli Among eight students showed better performance with the

) L ) o ) expanded speech, two of them were conspicuous as shown in
Thirty-six simple English sentences consisting of five tqne following figures.

thirteen words were chosen for the experiment. They can be



4.3.1 Subjects

Subjects were four graduate students (2 males, 2 females), and

: five university students (3 males, 2 females).
e ——TSM o
\./ B original 4.3.2. Stimuli

Forty-four simple English sentences consisting of 10 to 20
words were chosen for the experiment 2. Even though the most
effort has been made to avert the multisyllabic words to
minimize the difference of the sentence length counted by the
Sentence length in words number of the words and that of the syllables, the shortest
sentence is 11 syllables and the longest sentence is 27 syllables.
The informant was asked to keep the speech rate as constant as
Figure 1: Correct responses of two kinds of stimuli possible. The pauses longer than 200 [ms] are extracted. One
of the characteristics of the read-out speech employed in
experiment 2 was that “normal” phrasal intonations were
controlled; the informant was asked to read each stimulus
N sentence without emphatic intonation. There are 44 stimulus.

The original speech stimuli were expanded (TSM 2.00).
—— TSM

e —— original Original TSM 2.00
\/ Average length [sec] 4.35 8.70

Correct responses
o =N oW R OO

Sw-7w 8w-10w 11w-13w

*

Correct responses
[ T R O S = )

Average speech rate [wpm 209.0 105.0
Sw-Tw  8w-10w 11w—13w Table 2: Comparison of original/expanded speech
Sentence length in words 4.3.3 Procedures

The experiment 2 followed the same procedures as experiment
Figure 2: Correct responses of two kinds of stimuli L

3.5. Discussion 4.4. Results
The overall correct response increased with the expandSyt Of 198, the sum of the correct responses to the original

speech, compared with the corresponding original speec?P,eeCh and those to the expanded speech were 112 and 120,

though not statistically significant. The scores of the Originarlespectlvely. Two statistical tests were performed. Differences

speech tend to decrease as the sentences get longer. Ipigreqhuenc:?strt])etween tZedcorrect rhesponses 0{ thte tprt'.gml?l
predicted that the scores of the expanded speech will be higﬁ‘gPeC an € expanged speech were not stanstically

than those of the expanded speech. As shown in figure 1 anqs)gnificant (¢(8)=0.68, p>0.05). Differences in frequencies
etween the correct responses of the original speech and the

expanded speech both in the first presentation showed
4. EXPERIMENT 2 tendency (t (8)=1.40, p<0.10).

4.1 Screenlng test Five students showed better performance with the expanded

All the subjects received a screening test with the san®@€€ch, two of which are shown below.
procedure as the experiment 1. Those who understood t
procedures and responded more than or equal to 60 perce
correctly were qualified as the subjects of the experiment. Tw
of the subjects who scored less than 60 percent, however, we
included in the experiment 2 to observe the performance of th
elemental level (as far as auditory processing is concerne
language learners.

&

™ A
N\ ——TSM

ﬂ\>/ —8— original

Correct responses
=R N TR N

4.2 Purpose 10w-  13w- 16w 19w
12w 15w 18w 20w

There is one hypothesis to be investigated in experiment 2, th
Sentence length in words

TSM enables the listener to share more processing time thg
original speech, which would be reflected in the scores of tht
expanded speech.

4.3 Methods

Figure 3: Correct responses of two stimuli



converted into fast or slow one. The series of experiments with
intersectional study should be carried out to determine the best
rate of the expansion to enhance the listener to process foreign
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Sentence length in words

language speech.
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4.5. Discussion

The overall correct response increased with the expanded 1.
speech compared with the corresponding original speech
stimuli though not statistically significant. It is a coherent
tendency observed in the previous experiments [3, 7] and
experiments 1 and 2. The number of the correct responses tend,
to increase statistically (t(8)=1.40, p<0.10) with the expanded
speech of the first presentation compared with the
corresponding original speech stimuli of the first presentation. 3.

Most of the subjects including those who obtained high scores
preferred the expanded speech for the test taking occasions. In
the interview after the experiment, some subjects reported that
the expanded speech is intelligible butabk more time to
normalize the speech sound, that is, to access the right word in 4.
their mental lexicon.

5. CONCLUSION

Our goal in this experiment was to compare the subjects’ S-
processing of two types of the stimuli: the original speech of
moderately fast speech and the expanded speech of very slow
speech. Intelligibility, including familiarity of a certain initial
section of a sentence seems to greatly influence subjects’
success in understanding the stimuli. The methods can be
extended to sentence intelligibility test in a foreigngaage,

which can avoid difficulty of evaluation. They can also be
extended to a part of auditory rehabilitation program of 7,
sentence comprehension. Thus the experimental studies
described here would lead to a computer-based testing system
with high validity and reliability. Alhough true/false
judgement of an utterance is an important part of interpretation,
itisn’'t all.

This study shows some advantages of speech technology. A
speaker can slow down the speech when asked. But in this slow
speech, prosodic features become degenerate while clarity in
articulation appears to be intact. In addition, it is usually
difficult for the informant to speak at the speech rate as they
are asked to. With TSM, an utterance can be gradually
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