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. ABSTRACT 

This-Siudy investigates the age effect on 

acqutsrtion of American English (AE) lr/ 

and Il! perception by native speakers of 

Japanese who have once been exposed to 

the AE Speaking environment. A perceptual 

experiment designed to test the ability to 

identify naturally spoken [r, l,w/, and de- 

termme perceptual cues when identifying 

those phonemes using synthesized stimuli 

was performed for native AE subjects, and 

native Japanese subjecrs with and without 

the experiences of living in the US. The 

results show that some of the Japanese 

subjects who had resided in the U.S. acquired 

/r/ and Ill perception, and that acquiring 

capability of acquiring decreases from 7 to 

13 years of age. 

1. INTRODUCTION 

Many studies have revealed that 

phoneme perception is modified by the lin- 

guistic environment. The perception of 

American English (AE) A'! and Ill sounds 

for Japanese speakers is one of the strongest 

pieces of evidence that this is so. In the 

phonological system of Japanese, the AE 

Irland Ill contrast is not distinctive, and 

neither AE lt! and/ll resemble any Japanese 

phonemes. Thus, most Japanese speakers 

have considerable difficulty in acquiring lr/ 

and/ll contrast even though they start leam— 

ing English in junior high school at about 

age 12. 

_ Previous cross—linguistic studies 

usrng a synthetic Ir-ll stimulus series re- 

vealed that native speakers of Japanese had 

difficulttes in perceptually differentiating 

the se two phonemes, and that they perceive 

the synthetic lr-l/ series continuously, even 

though native AE speakers perceive them 

categorically (c.g. [S, 6, 7, 9]). Further- 

more, the perceptual cue for distinguishing 

[r] from Il! is different between AE speakers 

and Japanese speakers: AE speakers use F3 

frequency as a predominant cue, and Japa- 

nese speakers use both F2 and F3 frequen— 

cres [12]. The effect of being exposed to an 

English speaking environmenthas also been 

studied [ 1]. This study revealed the effect of 

age on the lrJ/ acquisition. However, fur- 

ther control of the starting age and period of 

exposure are needed to understand the na- 

ture of acquisition process. Furthermore 

the age of the subjects during participation; 

m the-experiment should also be controlled 

(e.g. tt varied from 3 to 45 years of age in 

[11), because the performance of children 

and adults may be expected to differ consid- 

erably. 

This paper investigates the age cf- 

fect on acquisition of AE fr! and/l] phonemes 

for native adults of Japanese by controlling 

the starting age and period of exposure to the 

AE speaking environment more precisely 

than. previous studies. To determine the 

precise perceptual mode of the subjects, the 

identification tests not only of naturally 

spoken stimuli, which were designed to see 

overall identification ability, but also of 

synthesized stimuli, which were designed to 

investigate the perceptual cue, were per— 

formed. Furthermore, in this paper, the lw/ 

phoneme is considered in addition to M and 

[1], because Japanese listeners often identify 

some of the /r/ and II! sounds as [w] [13]. 
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2. STIMULI 
4 

Synthesized [rait—lait! se- 

ries generated by Klatt‘s cascade 

formantsynthesizer,andnaturally :; 3 N 

spoken stimuli were used. Figure & 

l provides a synthetic spectro— "' 

graphic representation of the ini— ë 2 

tiai CV portion, [rai-lai], for the g l l 

synthesized stimuli. The acoustic % r 

parameters for idealized "right" a: 1"" 

and “light" were derived from the Ir / 

naturally spoken lraitl and flight! 

uttered by a native male speaker of 0 

AE. When generating the stimuli, 0 

three acoustic parameters, F2 and 

F3 onset frequencies and F1 n'an- Fig…“ 

sition, were varied. To construct 

the stimuli on F2-F3 plane, a vari- 

ety of F2 and F3 onset frequency combina- 

tions were used. The F2 and F3 onset 

frequencies were varied independe ntly from 

800 Hz to 1400 Hz in 200 Hz steps, and 1200 

Hz to 3000 Hz in 200 Hz steps, respectively. 

There were 37 combinations in total, ex— 

cluding some contradictory combinations 

in which the F2 frequency was equal to or 

higher than the F3 frequency. F1 transition 

duration was varied from 70 ms to 16 ms in 

6ms steps as the F3 onset frequency was 

varied from 1200 Hz to 3000 Hz. In all 

synthesized Stimuli. the acoustic parameters 

for the vowel pan/ai! were common, and the 

duration of the [rai-lai! part was fixed at 360 

ms. The stimuli were synthesized and re- 

produced through 1 6—bit di gital-analog con- 

version at a sampling frequency of 20 kHz 

and low-pass filtering with a cutoff fre- 

quency of 10 kHz. Several experiment 

sessions (Le. with different stimulus ran- 

domizations) were recorded on a digital 

audio tape using a DAT recorder, SONY 

DTC-1000ES. Each session consisted of 

eleven blocks of ten trials and one block of 

one trial to make 111 trials in total. The 11 1 

trials resulted from three randomly ordered 

repetitions of each of 37 stimuli. The inter- 

trial interval was 2 seconds, and the inter- 

block interval was 8 seconds. The block 

start signal was a beep sound recorded 2 

——F5 

—F4 

F3 

F2 

lr/4.—-> Ill 
1 

100 200 300 400 

TIME (ms) 

e 1 Schematic representation of frequency 

trajectories of Fl to F5 for the synthesiœd stimuli. 

seconds prior to the be ginning of each block. 

Naturally spoken stimuli contained 

sixteen combinations of English words. 

Each combination consisted of three words 

which were different from each other only 

in the initial consonant, i.e., [rl, [l./, or lw/ 

(e.g. “red", “led“, and “wed“). The {ony- 

eight words were Spoken by two native AE 

speakers (one female and one male) to pro— 

duce a total of ninety-six stimuli. They 

were recorded and convened from analog 

to digital at a 20—kHz sampling frequency 

with 16—bit accuracy. These stimuli were 

reproduced and were recorded on digital 

audio tape. ln each session, each of 96 

stimuli occurred once in random order to 

make 96 trials in total, and these 96 trials 

were arranged in nine blocks of ten trials 

and one block of six trials. Other conditions 

were identical to the identification tests of 

the synthesized stimuli. 

3. SUBJECT S 
_ 

One hundred and twenty native 

speakers of Japanese who have never lived 

abroad (Group J), l09 native speakers of 

Japanese w h o  have resided in the 

U.S.(Group JE), and 9 native speakers of 

AE (Group A) served as subjects. Crite rion 

for participation in the experiment as Group 

JE subjects was to fulfill all the following 

conditions: (1) native speaker of Japanese, 
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(2) had once lived on the U.S. mainland for 
more than 1 year, (3) had never lived in a 
foreign country other than the U.S., (4) 
speaks AE all the time at school, pre-school 
or kindergarten, or in business, (5) goes to 
school or conducts business under condi— 
tion (4) at least 5 days a week, (6) received 
no special training for speaking AE in Japan. 
The Stan of their residence in the U.S. can 
roughly be thought to coincidence with the 
start of their exposure to the AE speaking 
environment because English education in 
Japanese high schools is biased toward 
grammar, reading, and writing, and is mainly 
conducted by Japanese teachers. The age of 
the subjects in Group J is 19 on average, and 
ranged from 15 to 23, that in Group JE is 20 
on average, and ranged from 13 to 40, and 

that in Group A is 25 on average, and ran ged 
from 20 to 41. All the subjects reported no 
history of hearing or speaking disorder. 

4. PROCEDURE 

Each listener patficipated 
in two sessions of identification 1 " '  

tests for synthesized stimuli, and 

one session of identification test 
for naturally spoken stimuli. In 
these tests, listeners were in- 
structed to identify the word 
initial consonant, and to make a 
forced choice among the given 
categories regardless of the fre— 
quency of occurrence for each 
category through an entire ses- 
sion by checking a correspond- 
ing response category on an au- 
swer sheet. In the identification 
test for naturally spoken stimuli, 
listeners were also told that there 
might exist unfamiliar or mean— 
ingless words, but they should 
only identify the initial conso- 
nant. 
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were obtained as perceptual ability scores of 
synthesized stimuli and that of naturally 
spoken stimuli, respectively. As AE listen- 
ers identify the stimuli whose F3 onset fre— 
quencies were higher than 2000Hz as [ll and 
those which were lower as /r/ (Yamada & 
Tohkura, 1990), the Cs represents the aver- 
aged response rates of ll/ for the stimuli 
whose F3 onset frequencies were equal to or 
higher than 2000117. and /r/ for the other 
stimuli (0 S Cs S 1 ). The C n is the averaged 
correct response rates across all the naturally 
spoken stimuli (0 S Cn S l ). 

The averaged Cs across Group A 
subjects was .91, and ranged from .75 to 
1.00, that across Group J subjeCts was .48, 
and ranged from .21 to .76, and that across 
Group JE subjects was ‚74, and ran ged from 
.32 to .99. The averaged Cn across Groups 
A was 1.00, that across Group J was .67, and 
ran ged from .44 to .95 , and that across Group 
JE was .87, and ranged from .55 to 1.00. In 

the histograms of both Cs and C n values, two 

M 
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°‘o': Living Periods in the U.S. ] 
-o-1 year (N-33) i 
ne-z - ayears (14.23) 4 

-0-4 - 5 years (N-20) 

"0-6 - 7 years (N-22) ] 

l 
i 

10-14 1519 20-24 24-28 
Starting Age 

Figure 2 Capability of acquiring lr,l/ phonemes for 
Japanese speakers who have once been exposed to the 
AE speaking environment. The proportion of the sub- 

5. RESULTS 

After the identification 
rates for each stimulus were cal- 
culated, the values Cs and Cu 

jects’ number who have acquired /r‚l/ peroeption for '  
four groups of living periods (1 year, 2 - 3 years, 4 - 5 
years, and 6 - 7 years) are represented as a function of 

starting age. As moving averages for each 5-year period 
are represented, the abscissa shows the average period. 
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peaks were observed in Group JE, even 

though only one peak was observed in Group 

A and J. 
The Group JE subjects were divided 

into two groups according to their Cs and Cn 

values as follows: acquired group ( subjects 

whose Cs and Cn values are; 0.75 S Cs, and 

0.90 $ Cn ), and non—acquired group (the 

other subjects). In order to observe the 

correlation between the acquisition perfor- 

mance and the age of exposure to the AE 

speaking environment, the probabilities of 

acquired group subjects among subjects who 

have started living in the U.S. at the same age 

were calculated. JE subjects were classified 

into groups according to their living periods, 

and the following four groups was repre- 

sented in Figure 2: subjects lived in the U.S. 

for 1 year, 2 - 3 years, 4 - 5 years, and 6 - 7 

years. As the living conditions (starting age 

and period of residence) are not fully con- 

trolled, and the number of subjects for each 

data point was not insufficient, we plotted 

the moving averages under the following 

conditions: the average age upon taking up 

residence was 5 years, and the shift period 

was 1 year. Age noticeably age affected 

acquisition performance. The acquisition 

probability decreased rapidly from 7 to 13 

years of age. This result is especially obvr- 

ous in the 2 — 3 years old, in which living 

conditions are better controlled than in the 

other groups. Eleven subjects have resided 

in the U.S. more than 8 years, only one of 

them, who have resided in U.S. for 8 years 

from 25 years old, failed to acquire /r,l/ 

perception. 

6. DISCUSSION . . 

Showing that result that the acquisi— 

tion probability decreased with age was con- 

sistent with many previous studies of pho- 

neme acquisition (e.g. [ l ,  2, 3, 4, 10]). The 

age when the capability of acquisition de- 

creases in the present study was also similar 

to results of previous studies on second 

language production (e.g. [& 11]). The 

relationship between acquisition of percep— 

tion and that of production is of great inter— 

est. The productions of /r,l/ phonemes for 

all the subjects in the present experiment 

were recorded after the perception test. We 

also plan to analyze the production charac- 

teristics of the present subjects and to study 

the relationship between acquisition of per- 

ception and that of production. In addition, 

further efforts to obtain data from Japanese 

subjects with greater variations in living 

conditions are required. 
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