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The effects of experiment variables on the perception of American English 

/r ,I/ for Japanese listeners 

-Response categories, classification of subjects, and stimulus range -

Reiko A. Yamada, and Yoh'ichi Tohkura 

ATR Auditory and Visual Perception Research Laboratories, Kyoto 619-02, Japan 

ABSTRACT 

The effects of experiment variables associated with the experiment tasks on the identification 

of American English /r ,I/ for native speakers of Japanese are investigated. The three variables studied are: 

response categories, classification of subjects, and stimulus ranges. Through experiments using 

synthesized American English /rait-lait/ series and naturally spoken stimuli, all three variables are 

revealed to affect the experiment results for Japanese listeners. The effects of these variables clarify some 

of the perceptual characteristics of /r,1/ for Japanese listeners. In the first experiment designed to 

determine the effects of response categories, it is suggested that Japanese listeners identify some of the 

stimuli on the /r-1/ continuum as /w/. In the second experiment, differences in perceiving synthesized 

stimuli are discussed by classifying the Japanese listeners. The results show a positive correlation 

between the perception of synthesized stimuli and naturally spoken /r,l,w/. Japanese listeners well able 

to identify naturally spoken /r, I, w/perceive the synthetic stimulus series categorically but they still have 

three categories, /r/, /w/ and /1/ on the series. In the third experiment, the stimulus range shows a striking 

effect on the identification results for Japanese listeners. The /r/ and N perception is strongly affected 

by the stimulus range, whilge the /w/ perception less so. This indicates that Japanese listeners tend to make 

a relative judgement between /r/ and N. The experiment variables studied in this paper are of great 
importance when considering modelling the acquisition process of non-native phonemes. 

This paper is submitted to Perception & Psychophysics on Feb. 1991. 

-1-



M皿yprecious studies have revealed that pho-

neme perception is modified by the linguistic environment 

. However, the process of acquiring phonemes, i.e. the 

way phoneme perception is actually modified by the 

linguistic environment, has not been investigated so far. 

This paper is concerned with the variables associated with 

experiment designs and tasks which affect the results 

when studying the acquisition of phonemes in a second 

language (L2). The process of acquiring phonemes in L2 

is much different from that in the fi江stlanguage (Ll), 

because of the difference in age of acquisition and the 

existence of the frrstlanguage phonological system, When 

studying the process of acquiring phonemes in L1, there 

are serious methodological problems because the ability 

to perform experimental tasks varies with age. Although 

some of such methodological problems can be avoided 

when studying the process of acquiring phonemes in L2, 

other variables, such as age when learning L2, quantity 

and quality of learning, etc., still affect the process. 

However, studying how such variables affect the acquiring 

process is thought to be efficient for further understand-

ing of the nature of phoneme acquisition. 

StudiesofhownativespeakersofJapaneselearn 

the phonemic distinction between American English (AE) 

/r/ and /1/ sounds provide clues to solving the problems of 

studying phoneme acquisition, because the influence of 

the phonemes in L 1 on the acquisition of phonemes in L2 

can be restricted. That is, in the phonological system of 

Japanese, the AE /r/ and /1/ contrast is not distinctive. 

Furthermore, neither AE /r/ nor AE /1/ resemble any 

Japanese phonemes. Thus, AE /r/ and /1/ contrast is 

difficult to acquire if the contrast is not learned before a 

certainage(Cochrane, 1980; Y amadaand Tohkura, 1989). 

Most Japanese speakers have considerable difficulty in 

acquiring those two sounds even though they start learning 

English in junior high school at about age 12. 

Four phonemes, /w/, /r/,/1/, and/j/, are classified 

as liquid in AE (0℃ onnor et.al., 1957; Lisker, 1957). In 

the Japanese phonemic system, there occurs no phoneme 

noted as /1/. Although there exists a phoneme noted as / 

r/ in Japanese (J /r/), this J /r/ is classified as a stop or flap 

depending on its vowel context It is much different from 

AE /r/ in its acoustic features, and is actually often 

confused perceptually with /t/ or /d/ for AE listeners 

(Price, 1981). In Price's study, AE listeners identified J 

/r/ more often as a flap (/t/ or /d/; 72 %) than as /r/ (20%) 

or /1/ (7%). Two other liquids, /w/ and /j/, occur in 
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Japanese. Japanese /w/ and /j/ are not equal but rather 

similar to AE /w/ and/j/, respectively, and these AE /w/ 

and /j/ are hardly confused perceptually with other pho-

nemes by Japanese listeners by Japanese listeners than 

AE/r/and几'・

Previous cross-linguistic studies using a synthetic 

/r-V stimulus series revealed that native speakers of 

Japanese had difficulties in perceptually differentiating 

these two phonemes, and that they perceive the synthetic 

/r-V series continuously, even though native AE speakers 

perceive them categorically (Goto, 1971; Liberman et al. 

1973; Miyawaki et al. 1973; McKain et al. 1981; 

Mochizuki. 1981; Shimizu & Dantsuji. 1983; Strange & 

Dittmann. 1984). Trading relations between the spec叫

cue and the temporal cue were also investigated cross-

linguistically (Po恥 etal.1985,;Underbakkeetal.1988).

Furthermore, M皿n(1986) demonstrated that Japanese 

listeners respond to the different acoustic patterns which 

convey /r/ and N. However, there still remain some 
important issues which have to be studied in detail. When 

studying the perception of phonemes in a non-native 

language, results of experiments can be influenced by 

many variables associated with the tasks and stimuli used 

in perceptual experiments, even though these variables 

have little or no effect on the perception of phonemes in 

the native language. However, the effects of these vari— 

ables have been often ignored in the previous cross-

linguistic studies, despite their importance, especially 

when studying the acquisition process of non-native 

phonemes. This paper is concerned with the effects of 

such variables on the perception of AE /r/ arid /1/ for 

Japanese speakers, focusing on the following viewpoints. 

(1) "Don't Japanese listeners perceive other 

sounds on the /r-V synthetic stimulus continuum?" There 

is a possibility that they perceive some sound besides /r/ 

andN on the /r-V series even when Americans do not In 

the previous studies (MacKain et al. 1981; Strange, and 

Dittmann 1984), two peaks were often observed in the 

discrimination results for Japanese listeners. These two 

peaks were inconsistent with the response results of the 

identification tests, in which listeners were asked to 

choose one of the alternatives, /r/ or /1/. From Mochizuki's 

study (1981) using the synthesized /r-V series, Japanese 

listeners identified more stimuli as /w/ than American 

listeners did when they were asked to choose one of three 

response categories, /r/, 州，and/w/.Authors'preliminary 

investigation, in which listeners were asked to identify the 



stimuli without being limited to certain response choices, 

also revealed Japanese listeners identified more stimuli as 

EXPERIMENT 1 

/w/ at higher response rates than American listeners did. Purpose 

Therefore, it is reasonable to assume the existence of the 

/w/ category on an/r-1/ continuum. When we hypothesize 

that Japanese listeners perceive the three phonemes, /r/, / 

1/, and /w / on the /r-1/ continuum, the two peaks observed 

in the discrimination test results can be interpretedconsis-

tently with the identification test results. 

(2) "How should individual differences of 

Japanese listeners be controlled?" When studying the 

perceptual characteristics of non-native phonemes which 

have not been acquired completely by the subjects but, on 

average, rather poorly, it is of great importance to study 

the details of how, and to what extent these phonemes are 

acquired. As it is assumed that the subjects differ in their 

ability to identify non-native phonemes, their perceptual 

characteristics differ individually to a large extent The 

experimental results have to be discussed, not on average, 

but by taking account of the individual differences among 

Japanese listeners. Some proper classification of subjects 

is needed to observe the acquisition process precisely. 

(3)'、Doesthe stimulus sets in the experiment 

session influence perception by Japanese listeners?" There 

is a possibility that Japanese listeners make a relative 

judgement among the stimuli presented in the experiment 

session. If they do, the results might be considerably 

influenced by the stimulus set, for example, the range of 

stimulus variation given in the experiment session. 

To answer these questions, we perfonned three 

types of experiments. Experiment 1 was perfonned to 

study issue (1), by comparing the two cases ofidentification 

test results with respect to response categories; a forced 

choice between two categories, /r/ and /1/, and a forced 

choicearnongthreecategories,/r/,/1/,and/w/forthesame 

stimuli. In Experiment 2 issue (2) was studied by clas-

sifying the subjects according to the identification score 

of naturally-spoken /r/, /1/, and /w / sounds. Experiment 3 

was designed to study the effects of the stimulus set on the 

identification. The following two identification test re— 

sults were compared: (1) the identification results when 

all the stimuli on a synthetic /r-1/ series were presented and 

(2) the results when those when only the stimuli on a part 

of the series were presented. 
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There is a possibility that Japanese listeners 

have a/w/ category on the AE /r-1/ continuum. If they do, 

further investigation byconsidering/w / category is needed 

to describe the acquisition of /r/ and N. As this issue is 

thought to be very important for further study of /r/ and/ 

1/ perception for Japanese listeners, the hypothesis that 

Japaneselistenershavethe/w/categoryon/r-Vcontinuum 

has to be examined frrst For this purpose, Experiment 1 

was designed to compare the results of the following three 

tests: (1) an identification test with two response categories, 

/r/, and N. (2) an identification test with three response 

categories, /r/, /1/, and /w/, and (3) a discrimination test. 

Metho4 

Stimuli. A pair of English words, "right" and 

"light" was selected as a minimal pair for the initial 

consonant A synthetic/rait-lait/ ("right-light") continuum 

was generated by the Klatt cascade formant synthesizer 

(Klatt; 1980) used in this experiment. The continuum 

consists of 19 stimuli (STl through ST19), and Fig. 1 

provides a schematic spectrographic representation of the 

initial CV portion /rai-lai/ for the stimuli. The acoustic 

parameters for both STI (idealized "right") and ST19 

(idealized "light") were derived from the naturally spo-

ken/rait/ and/lait/ uttered by a native male speakerof AE. 

Temporal patterns of stimulus spectra were represented 

by first five formant frequencies (Fl through F5) and 

bandwidths. To extract these formant parameters and to 

synthesize the stimuli, we used a speech research soft-

wareknownas SPIRE(ZueandCyphers, 1985; Cyphers, 

1985). The parameters thus obtained were modified by 

repetition of trial listening to synthesized stimuli to pro-

vide synthesized /rait/ and /lait/ of clear and high quality. 

To construct the stimuli on the /rait-lait/ con-

tinuum, three acoustic parameters, F2 and F3 onset fre-

quenciesandFl transition were varied. These parameters 

are identical to some of the previous studies on /r-1/ 

perception(e.g.PolkaandStrange, 1985). At the beginning 

of the sy liable, the formant frequency was fixed at 83 ms 

(See Fig.I). This portion is called the initial steady state 

(ISS) for stimuli. F2andF3 transition durations were kept 

constant and the fonnant frequencies were varied linearly 

within the transitions. From STI to STl 9, the F2 and F3 

onset frequencies were varied from 920 Hz to 1280 Hz in 
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Figure 1 Schematicrepresentation of frequency trajectories of Fl to FS 
for the synthesized stimuli. The frequency of F2, that of F3, and temporal 

pattern of Fl were varied from/r/-characteristics to /1/-characteristic for the 

initial steady and transitional part of the stimuli. 

20 Hz steps and from 1200 Hz to 3000 Hz in 100 Hz steps, 

respectively. WithrespecttoFl,steadystateandtransition 

durations were varied across the continuum, though the 

onset frequency was fixed at400 Hz. When Fl transition 

durations were varied from 67 ms to 13 ms in 3 ms steps, 

the Fl steady state duration varied from 83 ms (STl) to 

137 ms (ST19) also in 3 ms steps by keeping the total 

duration from the onset to the end of formant transition 

constant (i.e., 150 ms). On the other hand, the initial 

steady states for F2 and F3 were kept at 83 ms across the 

continuum. The duration of the /rai-lai/ part was 360 ms. 

The Fl, F2 and F3 frequencies at the end of transitions 

(i.e., onset of the vowel part/ai/) were 750, 1220 and 2465 

Hz, respectively. The F4 and F5 frequencies were kept at 

constant values, 3400 and 3950 Hz all through the stimuli. 

The fundamental frequency contour used to synthesize 

the stimuli was designed based upon the natural spoken/ 

rait/ and /lait/, and this same contour was used for all 

stimuli. The original waveform of It/ was copied from the 

It/ part of the naturally-spoken utterance, /rait/, from 

which the synthesis parameters were derived, and was 

added to all the synthetic /rai-lai/ stimuli to make the/rait-

lait/ continuum. 

In a preliminary experiment, all 19 stimuli were 

presented to one native AE listener and seven native 

Japanese listeners. The listeners were instructed not to 

make a forced choice among some phoneme categories, 

such as /r/ and /1/, but to report what they heard as the 

initial consonant of each stimulus. The result showed that 

all the listeners perceived one of three phonemes, /r/, 肌

or /w/, only. 

Throughout the experiments, the stimuli were 

synthesized and reproduced through 16-bitdigital-analog 

conversion at a sampling frequency of 20 kHz and low-

pass filtering with a cutoff frequency of 10 kHz. The 

experiment included sessions of identification tests and 

ABX discrimination tests. For identification tests, sev-

eral experiment sessions (i.e. with different stimulus 

randomizations) were recorded on a digital audio tape 

using a DAT recorder, SONY DTC-lOOOES. Each ses-

sion consisted of ten blocks of ten trials to make 100 trials 

in total. The 100 trials resulted from five randomly-

ordered repetitions of each of the 19 stimuli on the /rait-

lait/series with5 dummy stimuli (STl,5,10,15,and 19) at 

the beginning of the session. These dummy trials were 

intended as familiarization, and not scored. The inter-
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trial interval {ITI) was 3 seconds, and the inter-block 

interval (IBI) was 8 seconds. The block start signal was 

a beep sound recorded 2 seconds prior to the beginning of 

each block. 

For ABX discrimination tests, several sessions 

(i.e., with different randomizations of stimulus pairs) 

were recorded on a digital audio tape in triads. The 15 

four-step comparison pairs (STl vs ST5, ST2 vs ST6, — 
, ST15 vs ST19) were chosen from the 19 stimuli, and 

each pair was arranged in triads in the four possible ABX 

permutations (i.e., ABA, ABB, BAA, and BAB) for a 

total of 60 triads. In each trial, one of the 60 triads was 

presented once with an inter-stimulus interval (ISI) of 1 

second. Sixty trials were randomly arranged in six blocks 

of ten trials to malce one session with an汀Iof 3 seconds 

and an IBI of 8 seconds. The start signal was a beep sound 

recorded 2 seconds prior to the beginning of each block. 

These stimuli were presented to listeners bin-

aurally over headphones, ST AX. SR L Professional, in a 

sound-proofroom at a ftxed level of about 85 dB SPL at 

the peak intensity which was a comfortable level for the 

listeners. 

Subjects. Five native speakers ofJapanese (S 1-

S5) who had neverresided abroad served as listeners. The 

average age of the listeners was 22, and ranged from 21 to 

24. All listeners reported no history of hearing and 

speaking disorder. 

Procedure. For identification tasks, two con-

ditions, the RLW condition and the RL condition, were 

prepared. The RL W condition is a task with a forced 

choice among three categories, /r//1/, and /w /, and the RL 

condition is one with a forced choice between two cat-

egories, /r/ and N. Listeners were instructed to identify 
the word initial consonant, and to make a forced choice 

among the given categories by checking a corresponding 

response category on the answer sheet. 

In the ABX discrimination tests, listeners were 

instructed to indicate whether the third item (X) in the 

triad matched the first one (A) or the second one (B) by 

checking a corresponding response category, "1" or、'2",

on the answer sheet 

Listeners participated mainly in 12 sessions on 

two different days. On each day, the experiment consisted 

of three sessions of identification tests, followed by 

another three sessions of ABX discrimination tests. For 
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three subjects (Sl, S2, and S3), the identification tests 

were RL conditioned on the frrst day, and were RL W 

conditioned on the second day. For other two subjects 

(S4, and S5), the tests were RL W conditioned on the fIISt 

day and RL conditioned on the second day. 

Results 

The left panels in Fig.2 show identification 

results in the RL condition (top), RL W condition (middle) 

and ABX discrimination results (bottom), pooled across 

all five Japanese listeners. Identification perforn迅nceis

shown with response rates for each category, and dis-

crimination performance is shown with accuracy in per-

cent Fifty percent is the chance level for discrimination. 

Compared with the results given in the RL 

condition, those in the RL W condition were quite different. 

In the RL condition, where response categories were 

restricted to /r/ and /1/, the identification results seemed to 

indicate these five listeners had two distinctive categories, 

/r/ and /1/, because they identified STl to ST8 as /r/, and 

ST13 to ST19 as /1/ with high consistency. However, in 

theRL W condition, the frequent responses to /w / appeared 

fromST7toST12, withapeakatST9. Thediscrimination 

results showed one peak around ST5-ST9 or ST6-ST10. 

This peak corresponded more to the boundary between / 

r/ and /w/ in the RL W condition than that between /r/ and 

/1/ in the RL condition. 

The center and right panels in Fig.2 show the 

individual results for two listeners, Sl (center) and S3 

(right), who showed typical results about the/w/category. 

Comparing the RLW-conditioned results and the dis-

crimination results, it is clear that S 1 had three distinctive 

categories, /r/, /w/, and /1/, on this synthetic series. S 1 

seemed to perceive this series categorically as /r/,/w/, and 

/1/, with high response rates for each category: STl to ST6 

as/r/,ST9 toST12as/w/,andST15 toST19 as/1/,and two 

discrimination peaks, one around ST4-ST8 and another 

aroundST10-ST14. By way of contrast, the results of the 

RL-conditioned identification seemed to indicate that the 

other listener, S3, perceived this synthesized continuum 

categorically as /r/ and /1/. She identified STl to ST8 as 

/r/ and STlO to ST19 as/1/, with high response rates. The 

peak in the discrimination results corresponded to these 

identification results. However, from the results of the 

RL W-conditioned identification task, it is indic皿 dthat 

she had a distinctive category of /1/, but not of /r/. She 
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Figure 2 The pooled results in Experiment 1. The left panels show the results pooled across all the 

listeners while the middle and right panels show the individual results for S1 and S3, respectively. The 

upper panels represent the pooled identification rates for each stimulus in the RL-condition, where 

response categories were only /r/ and /1/. The middle panels represent the identification rates for each 

stimulus in the RLW-condition, where response categories were /r/, Ill, and /w/. 

represent the correct response rates for each stimulus-pair in the ABX discrimination test. 

The bottom panels 
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appeared to identify each STI to ST8, which she labelled 

as /r/ in the RL-condition, as /r/ and /w/ evenly for about 

a 50 % response rate, respectively. On the other hand, she 

identified STIO to ST19 as /1/ with a substantially high 

response rate in both the RL-and RL W-conditions. It is 

assumed that she perceived the stimuli categorically as/ 

Vandnon判 (i.e.,/r/ or /w{). The peak observed in the 

discrimination results is considered to be a boundary 

between N and non-/1/. 

Discussion 

These experiment results lead us to understand 

the importance of considering /w/ category when studying 

the perception of AB /r/ and /1/ for Japanese listeners. 

By taking account of the /w/ category, the dis-

crimination performance can be well predicted from the 

identification performance. For instance, the location of 

the peak observed in the discrimination test results for the 

Japanese listeners on average, have never been well 

understood when the identification was discussed in the 

RL-condition. However it is revealed in the RLW-

condition that the location of the peak corresponds to the 
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/r/-/w/ identification boundary (Fig.2, left panels). This 

relationship between the identification results and dis-

crimination results will be still more strongly supported 

when the individual results are studied. As a typical case 

of perceiving three phonemes, /r/, /w/, and /1/, on the 

present series, the results for listener S 1 are shown in the 

middle panels in Fig.2. The two discrimination perfor-

mance peaks can be explained only when the /w / category 

is considered. 

Furthermore, considerations of the /w / category 

have led us not only to a better interpretation of the 

relationship between the identification and discrimination 

test results mentioned above, but also a further insight into 

perceptual mode of individual listeners. From the aver-

aged and individual results it has been revealed that 

Japanese listeners often perceive a /w / sound between /r/ 

and /1/ on the /r-V continuum. As a typical case in which 

the perceptual mode might be misunderstood unless the/ 

w I category is not considered in the identification test, the 

results for S3 are shown in the right panels in Fig.2. The 

results of RL-conditioned identification and discrirnina-

tionmaybeindicatethatthesubjectiscapableofperceiving 

/r/ and /1/ categorically because her response rates in 

S3 

low • • high 

F2 frequency 

low • • high 

Figure 3. Schematic identification patterns on the F2-F3 plane for the listeners, S1 (left panel), 

and S3 (right panel). The identification boundaries between three responses, /r/, /I/, and /w/ are 

shown schematically witha plain line. Their-I/ continuum used in the Experiment 1 is on the dashed 

line. 
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identifying /r/ and州wereas high as 100% and discrimi-

nation results showed one peak (Fig.2, right-top and -

bottom panels). However, the results obtained from the 

RL W-condition identification test (Fig.2, right-middle 

panel) have given usan entirely new insight into the S3's 

perceptual mode. That is, what S3 can identify is not the 

contrast between /r/ and N but that between non-N and 

几．

The non判 responsesfor S3 seem to rest on two 

assumptions; (1) the subject has neither distinctive/r/ nor 

the /w/ category, and (2) the /r/-side half of the present 

series lies around a boundary between the /r/ and /w/ 

categories. However, the second assumption has been 

supported by another test which was designed to see the 

characteristics of /w / perception from a different viewpoint 

. All the listeners in this experiment (S 1-S5) participated 

in this additional test, and in that test, the perceptual cues 

of AE /r/, /1/, and /w/ for Japanese listeners were inves-

tigated in a way similar to another of the authors'studies 

(Yamada & Tohkura, 1990). As is shown in Fig.3, the 

stimuli for an identification test were generated by F2 and 

F3 combinations which coverareasonableareaon anF2-

F3 plane. Here, the /r-V series used in Experiment! was 

a cross section of the plane. The identification results can 

be drawn as patterns of the/r/,N, and/w/ categories on the 

F2-F3plane. TheidentificationpattemsforsubjectS3are 

represented schematically with the present /r-V series as 

the cross section in Fig.3. This schematic representation 

shows that S3 has three distinctive categories, /r/, /1/, and 

/w/on theF2-F3 plane, but the/r/-sidehalf of the present 

series is located in the neibourhood of the boundary 

between /w / and /r/, and the left half of the series lies in the 

N category. Thus, these results support the second 

assumption about S3's responses. For most of the Japa-

nese listeners, however, the present series does not lie 

close to a category boundary but crosses the /r/, /w/, and 

N categories (e.g. SI). 

When considering the /w/ category it is also 

important to note is that the experiment task with the /w/ 

category seemed more natural for Japanese listeners who 

even in the RL-condition, often claimed that they do 

perceive the /w/ sound for some stimuli. This, together 

with suggestions from previous studies, strongly motivated 

the hypothesis thatJ apanese listeners have the /w / category 

on the AE /r-V continuum. 

Despite the importance of considering the /w/ 

category described above, there still remain some issues 
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to be discussed further. The results in Experiment I might 

be much too complicated to give a simple understanding 

and description of the acquisition process regardless of 

new findings about the perceptual characteristics of the 

AE /r/ and/I/ for Japanese listeners蕊 auseoftheobserved

large individual differences among listeners. Note that 

the individual differences between two subjects S 1 and 

S3 who each showed an entirely different perceptual 

mode (Fig.2, center and right panels). It is very difficult 

and sometimes useless to discuss only average results 

across listeners. How should these individual differences 

be dealt with? One solution to this problem would be to 

have a proper classification of the subjects as described in 

Experiment 2. 

EXPERIMENT 2 

A large individual differences in the perception 

of synthesized AE /r•V continuum among Japanese lis-

teners has been observed in previous studies and also in 

Experiment 1. Most Japanese subjects with no exposure 

to an English-speaking environment are unable to iden-

tify the synthesized continuum consistently, and perceive 

it continuously. However, some of them perceive the 

continuum categorically even though they have neither 

lived in a foreign country nor received any special English 

conversation lessons. For example, S 1, one of the subject 

in the Experiment 1, perceived the continuum categori-

cally, even though he had categories of not only /r/ and/ 

1/, but also /w /. It is thought to be important to investigate 

the perceptual characteristics of such Japanese subjects, 

who may have rather distinct categories of /r/ and瓜

when the goal of the research is to understand the process 

of acquiring L2 phonemes, because the percept叫 mode

for such subjects may suggest how Japanese subjects' 

perceptual categories of /r/ and附areformed, and how 

differently such categories are acquired by Japanese 

listeners compared to native listeners. However, when 

the averaged results of Japanese listeners are discussed, 

the data from subjects with distinct categories are buried. 

Purpose 



The main purpose of this experiment is to observe 

such buried data by classifying them according to the 

identification ability of naturally spoken AE /r/, /1/, and/ 

w/. In addition, the following three points will also be 

studied: the difference between performance of native AE 

listeners and that of Japanese listeners, the detailed data 

about /w/ perception for Japanese listeners, which was 

investigated in Experiment 1, using a larger population of 

subjects, and the correlation between the performance in 

the experiment using naturally spoken words and that 

using synthesized speech. 

Method 

Stimuli. Both naturally spoken and synthesized 

stimuli were used. Synthesized stimuli were the same as 

used in Experiment 1. For naturally spoken words, 

sixteen word triads were used as speech materials. In each 

triad, words were different from each other only in the 

initial consonant, /r/, /1/, or /w/ (e.g. "red", "led", and 

"wed''). A total of forty-eight words spoken by two native 

AE speakers (one male and one female) to prcxluce a total 

of ninety-six stimuli. They were recorded on tape using 

a DAT recorder, and digitized at a 20-kHz sampling 

frequency with 16-bitaccuracy. For the identification test 

of naturally spoken stimuli, the stimuli were reproduced 

at a 20-kHz sampling frequency with a cutoff frequency 

of lOkHz, and several sessions with different random-

izations of stimuli were recorded on a digital audio tape. 

In each session, each of 96 stimuli occurred once in 

random order to malce 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 identi-

fication test of stimuli in Experiment 1. These stimuli 

were presented binaurally over headphones in the same 

way as in Experiment 1 at the fixed level which was 

comfortable for listeners. 

Subjects. Ten native AE listeners (Group-A: 

Al-AlO), 36 native Japanese listeners who had no ex-

perience living in a foreign country (Group-J: Jl-J36), 

and three native Japanese listeners who had resided in the 

U.S.A. (Group-JE: JE l-JE3) served as subjects. The age 

of listeners in Group-A was 30.2 on average, and ranged 

from 23 to 40, and that in Group-J was 20.1 on average, 

and ranged from 18 to 22. All the Group-A subjects were 

raised in the U.S.A. One of them had been living in Japan 
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for two years and others for less than one year when they 

participated in this experiment. The age at the time of the 

experiment and the age range while living in the U.S.A. 

for the Group-JE listeners were 26 and 6 to 8 for JEl, 26 

and 24 to 25 for JE2, and 23 and 21 to 22 for JE3, 

respectively. All listeners reported no history of hearing 

and speaking disorder. 

Procedure. The experiment consisted of three 

types of tests: identification tests of synthesized stimuli, 

ABX discrimination tests of synthesized stimuli, and 

identification tests of naturally-spoken stimuli. The 

procedure for the identification tests and the ABX dis-

crimination tests using synthesized stimuli were identical 

to those of the RL W-conditioned identification tests and 

the ABX discrimination tests in the Experiment 1. 

The procedure for the identification test of 

naturally spoken stimuli was similar to that of synthesized 

stimuli. Listeners were asked to identify the word initial 

consonants, and to make a forced choice among the given 

response categories, /r/, /1/, and /w/, even when it was 

difficult to choose one. They were also told that there 

might exist unfamiliar or meaningless words. 

Each listener participated in three sessions of the 

identification tests for the synthesized stimuli, six sessions 

of the ABX discrimination tests, and two sessions of the 

identification tests for the naturally spoken stimuli. 

Results 

Figure 4 shows the identification and ABX 

discrimination results for the synthesized /rait-lait/ con-

tinuum, pooled across all ten AE listeners (left panels), 

and 36 Japanese listeners (right panels). In Group-A, the 

listeners consistently identified six /r/-side stimuli (STl 

to ST6) as /r/ and six /1/-side stimuli (ST14 to ST19) as/ 

1/. The /w/ response appeared for Sn to ST13, and 

peaked at STl 1 even with low rates. These /w/ responses 

occurred for half of the AE listeners, but they did not 

occuratallfortherestofthem. The results from the ABX 

discrimination tests in Group-A peaked at around STlO. 

In Group-J, though response patterns are inconsistent 

among listeners, they tended to identify seven /r/-side 

stimuli (STl-STI) as /r/, seven N-side stimuli (ST13-

ST19)as柑atrates of(,() to 80 % , and some stimuli around 

STIO as /w/ with low rates. As is seen in the response 

patterns for each category, the three responses changed 
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Figure 4 The averaged results across A.E. listeners (left panels) and Japanese listeners (right 

panels) in Experiment 2. Pooled identification rates for each each stimulus are represented in 

the upper panels, and averaged correct response rates for each stimulus-pairs in the 4-step ABX 

discrimination test are represented in the lower panels. 

gradually and continuously in Group-J. The results from 

the ABX discrimination tests in Group-J seemed flat, and 

showed no clear peak, and the response rates to all 

stimulus-pairs stayed slightly higher than the chance level 

of 50% accuracy. 

The pooled correct response rates in identifica日

tion tests for naturally spoken stimuli (Cn) were 99.8% in 

Group-A, 65.4% in Group-J, and 85.3% in Group-JE. 

Group-J listeners were classified into the following four 

groups according to individual identification performance 

for the naturally spoken stimuli: Group J-50 (50% :,;;, and 

く60%in accuracy), Group J-60 (60% :,;;, and< 70% in 

accuracy), Group J-70 (70% :,;;, and< 80% in accuracy), 

and Group J-80 (80% :,;;, and< 90% in accuracy). All the 

listeners in Group-J belonged to these four groups. The 

number oflisteners and pooled Cn across listeners in each 

of four groups were 14 listenersand54.9% in GroupJ-50, 

10 listeners and 64.6% in Group J-60, 7 listeners and 

73.1 % in Group J-70, and 5 listeners and 84.1 % in Group 

J-80. 

Figures shows the results of synthesized stimuli, 

pooled across the listeners in each of the four groups, 

according to the above definition. A positive correlation 

between the perfonnance for the naturally spoken stimuli 

and that for the synthesized stimuli were observed. The 

response differentiation among the three categories, /r/, / 

1/, and/w/, in identification results was quite insignificant 

in Group J-50, and in Group J-60. The discrimination 

results seemed flat and had no peak in both Group J-50 

and J-60. Compared with these two groups, the identi-
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Figure 5 The pooled identification rates (upper panels) and correct response rates in the 4-step 

ABX discrimination test (lower panels) for four groups of Japanese listeners, Groups J-50, J-60, J-

70, and J-80, in Experiment 2. Japanese listeners are classified into above four groups according 

to the correct response rate in identifying the naturally spoken /r, I, w/ sounds. The J-50 group 

showed the lowest, and J-80 the highest accuracy in identifying naturally spoken stimuli. 

fication results appeared much more consistent and gave 

higher rates in Groups J-70 and J-80. In these two groups 

two peaks were observed in the discrimination results. 

The peaks were slightly higher in J-80 than in J-70. For 

each group, it was found that the two peaks corresponded 

to the two identification boundaries, one between /r/ and 

/w/, and the other between /w/ and瓜

The correlation between the identification per-

formance of naturally spoken stimuli and that of synthe-

sized stimuli across subjects was estimated as follows. 心

a value, Cs, which represents response consistency for all 

19 stimuli on the synthesized series, was defined as the 

averaged value of the highest response rates across the 19 

stimuli. Spearman's rank-order correlation between Cs 

and Cn across Group-J listeners showed a significant 

positive correlation (r = + .60, p < .0004). 
In Group-JE, the correct identification rates of 

naturally spoken stimuli were 97.9% for JEI, 81.7% for 

JE2, and 70.8% for JE3. On average, the relationship 

between results of naturally spoken stimuli and those of 

synthesized stimuli is similar to that observed in Group-

J. However, there were also observed large individual 

differences among these three listeners in Group-JE. JE 1 

perceived the synthesized /r-1/ continuum categorically 

like AE listeners did, JE2 perceived it non-categorically 

(i.e., with low identification rates and without clear peaks 

in the discrimination results), and JE3 identified the 

stimuli with higher consistency than JE2 did but without 

any clear peaks in the discrimination results. 

Discussion 

Comparing the perceptual mode of AE listeners 

and that of Japanese listeners on average across all the 

listeners in each group (Fig.4), a simple conclusion is 

obtained: AE listeners perceive the /r-1/ series categori-

cally, but Japanese listeners perceive the same series 

continuously. This conclusion is the same one which has 

been revealed in the previous studies. However, by 
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analytic observation of the experiment results, the fol-

lowing fmdings about the perceptual characteristics of the 

/r-1/ series for Japanese listeners were obtained. (1) 

Perceptual mode of Japanese listeners was clarified by 

observing the classified data according to the listeners' 

identification ability ofnaturally spoken stimuli. (2) The 

assumption that Japanese listeners perceive /w/ on the /r-

1/ series which had been found in the Experiment 1 was 

confmned. (3) The results of the experiment using 

naturally spoken stimuli are highly correlated to those of 

the experiment using the synthesized stimuli. 

With respect to the perceptual modes for each 

classified listener groups shown in Fig.5, in Groups J-50 

and J-60 whose ability to identify the naturally spoken 

words was low, the responses in the identification test 

showed no consistency, and those in the ABX discrimi-

nation test stayed almost at the chance level. In Groups J-

70 and J-80, who showed higher identification ability in 

the test using naturally spoken words, the responses in the 

identification test seemed consistent, and discrimination 

peaks appeared. These peaks seemed higher in Group J-

80 than that in Group J-70. These results imply that the 

acquisition process of /r/ and /1/ contrast for Japanese 

listeners. Japanese listeners who have poorly acquired 

the /r/ and/I/ contrast perceive the /r-V series continuously 

as has been proved in many previous studies. However, 

some of the Japanese listeners acquire the /r/ and /1/ 

contrast so well that they can identify the stimuli near the 

prototype with high accuracy. However, even these 

Japanese listeners still perceive a /w / sound on the series. 

The perception of /w / is supported by the results 

of the ABX discrimination test. There appeared two 

peaks in GroupsJ-70andJ-80. On the whole, these results 

confmn thefindingofExperiment 1, that/w/isperceived 

by Japanese listeners who have acquired AE /r/ and /1/ 

rather well. In contrast, Group-A showed (Fig. 4) one 

broad peak in the discrimination result. This broad peak 

resulted from the fact that half of the Group-A listeners 

perceived some stimuli on the continuum as /w/ and 

others did not The two notable peaks observed in 

Japanese skilled groups (J-70 andJ-80) might be caused 

by the shift of the category boundary between /w/ and 

other two phonemes, /r/ and/I/, from that of AE listeners. 

As has been discussed in Experiment 1, the present 

stimulus series crosses the /w/ category for Japanese 

listeners. It was also revealed that the present series 

slightly crosses the /w/ category for AE listeners by the 

authors (Yamada & Tohkura 1990). However, it should 

be noted that no prototype /w/ occurs on the series. The 

acoustic characteristic which distinguishes /w/ sound 

from other liquids is the low frequency of F2 (Lisker, 

1957). The value of the F2 frequency for the present 

stimulus series is higher than that for /w /. Therefore, the 

stimuli which were identified as /w/ by Japanese listeners 

are thought to be far from the prototype /w/. The rather 

low level of the identification rate for the /w/ category is 

presumably related to this characteristic of the stimuli. 

Even after such detailed investigation, there still 

remain two possibilities for the origin of the /w / responses 

for Japanese listeners; (1) the effect of the Japanese /w/ 

category, and (2) the effect of the response bias caused by 

using a forced-choice task among three response cat-

egories. In the fi江stassumption, the /w/ responses for 

Japanese listeners are thought to be affected by the fact 
that among the present three categories, only /w/ is similar 

to theJapanese/w/. Presumably, this/w/categoryacquired 

as one of the L1 phonemes is thought to be so robust as to 

have a strong influence on category learning ofL2 at older 

ages. In the second assumption, Japanese listeners tend to 

choose three response categories at similar occurrences in 

their answers, because they don't have distinctive cat-

egories of those phonemes and cannot make absolute 

judgements. In contrast, AB listeners are hardly affected 

by the stimulus set because they have distinctive categories. 

As a result, Japanese listeners are more easily affected by 

response bias caused by adding /w/ to the response 

categories than are AB listeners. Further investigation 

based on these assumptions is needed in order to under-

stand the /w / responses for Japanese listeners. The second 

assumption is somewhat associated with the experiment 

task, which is the main issue in this paper. Accordingly, 

the effect of response bias was investigated by studying 

the stimulus set effect in Experiment 3. 

When the success in classifying subjects is 

considered from a different viewpoint, it indicates a 

positive correlation between the performance in the ex-

periment using synthesized stimuli and that using natu-

rally spoken stimuli. This correlation has been revealed 

to be significant statistically. In general, however, it 

depends on the quality of synthesized speech, because 

there is a possibility that the experiment results are 

affected by the quality of synthesized stimuli especially 

when studying non-native phoneme perception. Further 

investigation is needed to see the general correlation 
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between the perception of synthesized stimuli and that of 

naturally spoken stimuli 

The results also showed that there are large 

individual differences in Japanese listeners'perception, 

even though the quality and quantity _of their English 

education in high school was similar, and none of them 

had lived abroad. This indicates that such large individual 

differences among Japanese listeners depend not only on 

the quality and the quantity of their English education but 

also on their individual attitude to such education. In the 

previous study (MacKain,etal.; 1981),Japanesesubjects 

who had moved to the U.S.A. as adults were classified 

into two groups (i.e., experienced, and non-experienced) 

according to the quality and quantity of their English 

conversation experience in the U.S. The results showed 

that the experienced group perceived /r/ and /1/ more like 

Americans do than the non-experienced group. However, 

this classification of subjects with respect to their English 

conversation experience might be too crude to investigate 

the individual perceptual characteristics of the subjects. 

Moreover, there still might be large individual differences 

in /rJ/ perception within the experienced and non-expe-

rienced groups. The effect of the quality and quantity of 

their employment of English in the U.S. on perception 

could be discussed more efficiently by taking account of 

the subjects'ability to perceive /r/ and /1/ contrast when 

they began living in the U.S. 

The experience of living in the U.S. is an im-

portant variable when studying /r/ and /1/ perception of 

Japanese listeners. JEl, a 26-year-old subject who had 

resided in the U.S.A. from age 6 to 8, showed the high 

identification ability of 97.9% correct in the test using 

naturally-spoken stimuli. The results from the test using 

the synthesized stimuli revealed that JEl does not have 

the /w/ category on the /r-V continuum used in the ex-

periment (i.e., she had no /w/ response in the identifica-

tion test, and there was one pe釦 nthe ABX discrimination 
test). In contrast, the other two experienced listeners, JE2 

and JE3 who had lived in the U.S., from age 24 to 25, and 

from age 21 to 22, respectively, perceived the series non-

categorically. This result indicates thatJE2 and JE3 could 

not have acquired the /r/ and /1/ contrast from their 
experience in the U.S. The perceptual mode difference 

between JE 1 and the other Japanese listeners in Group JE 

and Group J might be brought about by the fact that JEl 

residedintheU.S. fromage6to8while, when the others 

resided in the U.S., they were older (21 to 22, and 24 to 

25). JEl is thought to be exposed to the English speaking 

environment young and long enough to acquire the per-

ception of /r/ and /1/ equivalent to a native AE speakers. 
As the present study includes only three subjects who had 

lived in the U.S., the relationship between the acquisition 

of /r/ and /1/ contrast and the age and period of exposure 

to the AE speaking environment is still open to question. 

A detailed investigation to answer this question may lead 

us to a better understanding of how speech perception is 

modified by the linguistic environment. 

EXPERIMENT 3 

Purpose 

The AE listeners perceive the synthesized /r-1/ 

series categorically, but most of the Japanese listeners do 

not perceive it categorically as has been revealed in 

previous studies and the above two experiments in this 

paper. This finding implies the possibility that Japanese 

listeners'results are affected by the stimulus range pre-

sented in the experiment session even though the AE 

listeners'results are not affected because the AE listen-

ers'judgement is thought to be more absolute than the 

Japanese listeners'judgement. The main purpose of this 

experiment is to observe the effect of the stimulus range 

on the results for AE listeners and Japanese listeners. In 

addition, the following issues will be also argued. (1) Do 

Japanese listeners tend to choose given response categories 

relatively so that response occurrences for each category 

are balanced regardless of the stimuli in a given set? (2) 

Is there any difference between the effect of the stimulus 

range on the /r/ and /1/ responses and that on /w / response? 

(3) Do the /w/ responses for Japanese listeners which 

were observed in Experiments 1 and 2 appear as the effect 

of response bias by adding /w/ to the response categories? 

In order to argue these issues, the relationship between the 

judgement and the stimulus range was studied. 

Method 

Stimuli. The synthetic /rait-lait/ series which 

consisted of 17 stimuli (STl through STl 7) was used. 

The onset frequency ofF2 andF3 was varied from 960 Hz 
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to 1280 Hz in 20Hz steps, and 1400Hz to 3000Hz in 

lOOHz steps, respectively. These F2 frequency and F3 

frequency conditions for STl to STI 7 in this experiment 

correspond to ST3 to ST19 in Experiments 1 and 2. The 

durations of Fl steady state and transition were kept at 

80msec and 70msec for all stimuli. Other conditions for 

the stimuli are identical to those used in Experiments 1 

and 2. 

There were three stimulus set conditions: /r/— 

side set, /II-side set, and full set The /r/-side set and the 

/II-side set consisted of ten /r/-side stimuli (i.e. STI to 

STIO), and ten /II-side stimuli (i.e. ST8 to ST17), while 

the full set consisted of all 17 stimuli on the series. The 

stimuli in each set were arranged in random order with 

five time repetitions. At the beginning of each session, 

twenty dummy stimuli which consisted of the stimuli in 

each set were added for familiarization. Several sessions 

(i.e. randomizations) per set were recorded on digital 

audio tape under conditions identical to those in Experi— 

ments l and 2. 

Subjects and procedure. Seventy-three native 

speakers of Japanese who had never lived in foreign 

countries, and 5 native speakers of AE served as listeners. 

All the listeners were naive for this kind of experiments on 

/r/ and N perception. The Japanese listeners were mainly 
undergraduate students. The age of AE listeners was 25 

years old in average, and varied from 20 to 30 years old. 

All the listeners reported no history of hearing and speaking 

disorder. 

Each listener participated in two sessions. The 

total of Japanese listeners were divided into three groups, 

each of which participated in one stimulus condition in 

the first session; 27 listeners for the /r/-side set (/r/-side 

condition), 24 listeners for the凡sideset (/1/-side con-

dition), and 22 listeners for the full set (full condition). 

This full condition is the control to see the difference 

between the response pattern in the first session and that 

in the second session for Japanese listeners. The five AE 

listeners were divided into two groups, consisting of 3 and 

2 listeners, respectively. One group (3 listeners) partici-

pated in the /r/-side set (/r/-side condition) and the other 

(2 listeners) participated in the州-sideset仰-sidecon-

dition) in the fi江stsession. In the second session, all the 

listeners participated in the full set 

The stimuli were presented through headphones 

(STAX SR Lambda Professional) in a sound-proof room. 

The listeners were instructed to judge the initial conso-

nant of each stimulus, and forced to choose one of the 

three response categories, /r/, /1/, or /w/. They were told 

that they had to choose one of the response categories they 

heard in each trial regardless of the frequency of occur-

rence for each category through an entire session. 

Results 

The /r/-side condition. The identification curves 

for the /r/-side condition were shown in Fig. 6. For the AE 

listeners, identification rates for each stimuli in the /r/— 

side set are similar to those in the full set. They identified 

STl to ST6 as /r/ with high response rates of 93.3% to 

100%, STI as /r/ with 73.3%, ST8 as /r/ with about 50% 

in both /r/-side and full set sessions. This indicates that the 

stimulus set has only a small influence on the identification 

results for AE listeners. 

For the Japanese listeners, in contrast, identifi-

cation judgement was strongly affected by the stimulus 

set Identification rates for the stimuli in the /r/-side set 

were much different from those in the full set. The 

Japanese listeners identified STl to ST5 as /r/, /1/, and /w / 

with response rates of about 60%, 20%, and 20%, re-

spectively, in the full range set. However, they identified 

the same stimuli (STl to ST5) differently in the /r/-side 

set On the whole, they identified them less frequently as 

/r/ (40%-50%), and more frequently as /1/ (30-40%) than 

they did in the full set When the /r/, /1/, and /w/ identi-
fication curves are compared to each other, the /w/ 

identification curve for STl to STI O for Japanese listeners 

was much more similar between two sets than those of the 

/r/ and /1/ identification curves. Table 1 shows the 

differences in the identification rates for each of STI to 

STIO between two sessions for Japanese listeners. The 

differences between the two rates were evaluated statis-

tically by a Wilcoxon signed-rank test The /r/-identifi-

cation rates were significantly lower in the first/r/-side set 

than in the second full set for ST5 (z=2.9, p < .005), ST6 

(z=2.1, p < .05), and ST8 (z=3.1, p < .002). The /1/— 

identification rates were significantly higher in the first/ 

r/-side set than in the second full set for STI (z=2.3, p < 

.02), ST2 (z=2.4, p < .02), ST3 (z=2.1, p < .04), ST5 ( 

z=2.2, p < .03), ST6 (z=2.4, p < .02), ST9 (z=2.0, p < 

.05),andSTIO(z=2.7,p< .007). In the/w/-identification 

rates, in contrast, the significant difference was observed 

only for ST8 (z=2.1, p < .04). 

For the purpose of comparing the overall re-
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Figure 6 The results of /r/-side condition for A.E. listeners (left panels) and those for 

Japanese listeners (right panels) in Experiment 3. The upper panels show the pooled identifi-

cation rates for each response category in the rrrst /r/-side session, where only /r/-side ten stimuli 

(STl to 10) are pre認ntedto the listeners. The lower panels show the pooled identification rates 

in the邸condfull認tsession, where all the stimuli on the continuum are presented. 

sponse rates in each set, the averaged response rates for 

each response category across all the stimuli (STl to 

STlO) in the /r/-side set, STl to STlO in the full set, and 

all the stimuli (STl to STl 7) in the full set were shown in 

Table 2. The distribution of observed /r/, /1/, and /w/ 

response rates pooled across all the stimuli (STl-STlO) in 

thefi江stsession (Dl) was compared to that for STl-STlO 

in the second session (D2_reduced) and STl-STl 7 

(D2_fuU) in the second session using the chi-square test 

(df=2). The chi-square score between DI andD2_reduced 

was 1. 7 and lower than that between D 1 and D2_fu11 (x2 

= 43.9, p < .001) for A.E. listeners. In contrast, for the 

Japanese listeners, the chi-square score between Dl and 

D2_reduced was 5. 7 (p < .1) and higher than that 

between Dl and D2_full (x2 = 0.7). 

The N-side condition. The identification curves 

for the N-side condition were shown in Fig. 7. For the AE 

listeners, overall identification characteristics for the 

stirn uli in the /1/-side set were similar to those for the same 

stimuli (ST8 to STl 7) in the full set. A slight difference 

between the two sets was observed: the identification 

boundary between /r/ and /w / shifted from between STlO 

and STl 1 in the /1/-side set to around ST9 in the full set. 

They identified the N-side 6 stimuli (i.e., ST12 to STl 7) 

with high response rates of 90% to 100% in both the /1/-
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Table 1 Difference in the identification rates for each of the common stimuli 

between the first session and the second session (STl-STlO in the /r/-side 

condition, ST8-ST17 in the/1/-sidecondition,andSTl-STl 7 in the full condition) 

for Japanese listeners in Experiment 3. The response rate for each stimulus in 

the 2nd session was subtracted from that for the same stimuli in the first session. 

Difference(%) 

/r/-side condition 州—sidecondition full condition 

/r/ /1/ /w/ /r/ /11 /w/ /r/ /11 /w/ 
STl -9.6 14.i* -4.4 ー13.6 8.2 5.5 
ST2 -8.1 16.3* -8.1 0.0 1.8 ー1.8
ST3 ー11.9 14.8 ＊ -3.0 -4.5 3.6 0.9 
ST4 -13.3 14.1 -0.7 -11.8 * 5.5 6.4 
ST5 -24.4** 17.8* 6.7 ー10.9 4.5 6.4 
ST6 -11.0* 20.7 ＊ -3.7 5.5 3.6 -9.1 
ST7 -3.7 10.4 -6.7 9.1 0.9 -10.0 
ST8 -17.0** 5.2 11.9 ＊ 20.8* -5.0 -15.8 * -0.9 10.9 -10.0 
ST9 -8.9 11.9 * -2.9 14.2 1.7 ー15.8 1.8 1.8 -3.6 
STlO -8.1 14.1** -5.9 15.0 -4.2 ー10.8 10.0* 1.8 -11.8 * 

STll 18.3* -13.3 * -5.0 3.6 11.8 * -15.5* 

ST12 20.0・-19.2* -0.8 7.3 20.9* -28.2** 

ST13 18.3 -17.5 ＊ -0.8 1.8 13.6 -15.5 ＊ 

ST14 10.8 -13.3 2.5 -8.2 21.8**ー13.6**

ST15 10.8 -10.0 -0.8 6.4 2.7 -9.1 ＊ 

ST16 15.8* -20.0* 4.2 -1.8 3.6 -1.8 
ST17 20.8 * -20.8* 0.0 1.8 ー1.8 0.0 

"'ssiignifi gnificant at p < 0.05 
** cant at p < 0.01 
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Table 2 Pooled percentages of /r/, /I/, and /w/ identification across the stimuli for 
each condition in Experiment 3 are shown. For the /r/-side and /II-side conditions, 

the followin g three observed percentages are shown; (1) pooled across all the 

stimuli in the first session, (2) pooled across common stimuli between the two 

sessions in the second session, and (3) pooled across all the stimuli in the second 

session. For the full condition, pooled precentages across all the stimuli in each of 

two session are shown. The chi-square values between the frequencies in the first 

session and each of the observed frequencies in the second session are also 

presented. 

A.E. listeners J. listeners 
Response rate(%) X2 Response rate (%) x2 
fr/ /11 /w/ /r/ 几 /w/ 

LrL-side condition 
1st session (/r/-side set) 
STl-STlO I 78.7 3.3 18.0 37.2 31.8 31.0 
2nd session (full set) 
STl-STlO I 77.3 7.3 15.3 1.7 49.4 17.9 32.7 5_7§ 
ST1-ST17 45.9 42.7 11.4 43.9*** 39.5 34.9 25.6 0.7 

/J/..—side condition 
1st session (/1/-side set) 
ST8-ST17 I 26.0 65.0 9.0 38.9 39.3 21.8 
2nd session (full set) 
ST8-ST17 13.0 67.0 20.0 s.s・ 22.4 51.4 26.2 6.5* 
ST1-ST17 48.2 39.4 12.4 13.5** 37.0 36.7 26.3 0.6 

full condition 
1st session (full set) 
ST1-ST17 36.8 40.9 22.3 
2nd session (full set) 
ST1-ST17 37.1 34.1 28.8 1.4 

• signignififi cant at p < 0.05 
,.,. si cant at p < 0.01 
*** sigrninififi cant at p < 0.001 
§sigru cant at p < 0.1 
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Figure 7 The results of Ill-side condition for A.E. listeners (left panels) and those for Japanese 

listeners (right panels) in Experiment 3. The upper panels show the pooled identification rates for each 

response category, /r/, /I/, and /w/, in the first /II-side session, where only Ill-side ten stimuli (STS-17) are 

presented to the listeners. The lower panels show the pooled identificatoin rates in the second full set 

session, where all the stimuli on the continuum are presented. 

side and full-side sessions. In general, we can conclude 

that AE listeners'identification is hardly influenced by 

the stimulus set . 

For the Japanese listeners, identification judge-

ment was strongly affected by the stimulus set as was also 

observed in the /r/-side condition. The identification rates 

for the stimuli in theN-side set were much different from 

those in the full set. They identified STlO to ST17 as /r/ 

at about a 20% response rate in the full set, but at a 30%-

40% response rate in the N-side set. Instead, they 

identified the same stimuli (STl Oto STl 7) less frequently 

as /I/ in the /1/-side set than they did in the full set. Again, 

the /w/ identification curve for ST8 to STl 7 was much 

more similar between two sets than the /r/ and /I/ identi-

fication curves. The differences in the identification rates 

for each of ST8 to STl 7 between two sessions are shown 

in Table 1. The /r/-identification rates were significantly 

higher in the frrst肌sideset than in the second full set for 

ST8 (z=2.4,p<.02), STl 1 (z=2.4,p<.02), ST12 (z=2.3, 

p<.03), ST16 (z=2.0, p<.05), and STl 7 (z=2.5, p<.02 

) . The N-identification rates were significantly lower in 

the fust /1/-side set than in the second full set for STl 1 ( 

z=2.4, p<.02), ST12 (z=2.3, p<.03), ST13 (z=2.0, p<.05 

)，ST16 (z=2.5, p<.02), and STl 7 (z=2.5, p<.02). In the 

/w/-identification rates, in contrast, the significant dif-

ference was observed only for ST8 (z=2.0, p<.05). 

The averaged response rates for each response 

category pooled across all the stimuli in the frrst session 

(ST8-ST17) from the identification frequencies pooled 

across ST8-ST17 and STl-STl 7 in the 2nd session are 

shown in Table 2. The distribution of observed/r/, /1/, and 

/w/ response rates pooled across all the stimuli (ST8-

に
'
iー
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ST17) in the frrst session (Dl) was compared to that for 

ST8-ST17 in the second session (D2_reduced) and STl-

STl 7 (D2_full) in the second session using the test for 

independence. The chi-square score between D1 and 

D2_reduced (x2 = 8.5, p < .05) was lower than that 

between D1 and D2_full (x2 = 13.5, p < .01) for A.E. 

listeners. However, for Japanese listeners, in contrast, the 

chi-square score between D1 and D2_reduced (c2 = 6.5, 

p < .05) was higher than that between D1 and D2_full ( 

x2 = o.6). 

The full condition. The identification curves of 

the full condition for were shown in Fig. 8. Only Japanese 

listeners participated in this condition. On the whole, the 

identification curves were much more similar between 

two sessions than in the former two conditions'(Fig.6-8). 

The /r/ judgement was more consistent between two 

sessions than/1/ or /w/ judgement. Significant differences 

in /r/-identification rates were observed only at ST4 ( 

z=2.2, p<.04), and STlO (z=2.3, p<.02)(Table 1). The 

/1/ judgement and /w/ judgement were different between 

sessions at around STl 1 to STl 4. Significant differences 

in /1/-identification rates were observed at STl 1 (z=2.3, 

p<.03), ST12 (z=2.4, p<.02), and ST14 (z=3.l,p<.003 

), and those in /w/-identification were observed at STlO ( 

z=2.2, p<.03), STll (z=2.1, p<.04), ST12 (z=2.9, 

p<.004), ST13 (z=2.3, p<.02), ST14 (z=2.8, p<.006), 

and ST15 (z=2.1, p<.04). The listeners identified these 

stimuli around STl 1-STl 4 as /1/ at higher response rates, 

and as /w / at lower response rates in the first session than 

in the second session. No significant difference was 

observed between the distribution of /r/, /1/, and /w/ for 

pooled identification rates across all the stimuli in the frrst 

session and that in the second session (Table 2, x2 = 1 .4). 

Discussion 

Fromtheresultsofthisexperiment.,thefollowing 

three findings have been obtained about /r-1/ perception 

for Japanese listeners. 

First., the range of stimuli on the /r-1/ continuum 

presented to the listeners in one experiment session sig-

nificantly affects the identification judgement of Japa-
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Figure 8 The results of full condition for Japanese 

listeners in Experiment 3. The pooled identification 

rates for each reponse category, /r/, /I/, and /w/, in the 

first session (upper panel), and those in the second 

session Oower panel) are represented. All 17 stimuli 

on the continuum are presented in both sessions. 

nese listeners while it does not affect that of AE listeners. 

In the /r/-side condition, where the range of the stimuli are 

different between two sessions, the identification results 

for the/r/-side stimuli which are common for both sessions 

were significantly different from each other for Japanese 

listeners, but similar for A.E. listeners. Japanese listeners 

identified the /r/-side stimuli as /r/ at a lower rate and as 

Nat a higher rate in the /r/-side set than in the full set. In 

the促sidecondition, identification judgement for J apa-

neselisteners was also different between the two sessions. 

They identified the N-side stimuli as /r/ at a higher rate 

and as /r/ at a lower rate in the /1/-side set than in the full 

set. These results indicate that Japanese listeners'identi-
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fication judgement for the /r-1/ continuum is strongly 

affected by the range of the stimuli. In the full-condition, 

a significant difference in identification judgement be-

tween two sessions was observed around STI 1-STl 4 for 

Japanese listeners. This difference has to be discussed 

further because the full condition is a control condition to 

see whether the results are influenced by the session 

order. As the stimuli ST11-ST14 belong to the N-side of 

the continuum, the difference between two sessions in the 

肱sidecondition is compared with that in the full condition. 

As a result of the comparison, it is noted that the directions 

of the difference in the full and the N-side conditions are 

opposite to each other. In the N-side condition, a higher 

N and lower /w/ identification were observed in the 

second session than in the fi江stsession. For the full 

condition, in contrast, a lower N and higher /w/ identifi-

cation were observed in the second session than in the frrst 

session. Thus, these results in the full condition discussed 

above even strengthen the influence of the stimulus range 

on listeners'identification. 

Second,J apanese listeners identify some stimuli 

as /w/ rather independently of the stimulus range than 

they identify /r/ and N. When observing the range effect 

on Japanese listeners'results according to the response 

categories, the/r/ andNresponses are much more affected 

by the stimulus range than the /w/ responses. The /w/ 

identification rates were not significantly different between 

sessions in both /r/-side andN-side conditions, where the 

range of the stimuli differed. These results suggest that 

the /w / responses observed in Experiments 1 and 2 are not 

the result of response bias caused by adding /w/ to the 

response categories, because the /w / responses are rather 

independent of the stimulus range. 

Third, Japanese listeners tend to make a relative 

judgement between /r/ and N. In both /r/-side andN-side 

conditions, the identification patterns for the /r/, N and/ 

w/ categories in the fi江stsession were similar to those for 

the full range stimuli in the second session, but different 

from the partial identification patterns for the /r/-side and 

and /1/-side stimuli than to global rates for the full range 

stimuli in the second session (Table 2). In conclusion, as 

results of relative judgement between /r/ and肌 identi-

fication for each stimulus varies depending upon the 

stimulus range but the global identification patterns by 

Japanese listeners always tend to be kept similarregardless 

of the stimuli presented in experiment sessions. However, 

for the A.E. listeners the judgement between /r/ and /1/ 

appearsratherabsoluteandidentificationforeachstimulus 

is independent of the stimulus range. 

In regard to /w/ identification, it is noted that the 

stimuli categorized into /w/ for Japanese listeners are 

included in both the /r/-side and N —side conditions. In 

contrast with /r/ and N identification, /w/ identification 

seemed rather stable and was hardly affected by the 

stimulus range. This tendency suggests that Japanese 

listeners make an absolute judgement between /w/ and 

nonー/w/and a relative judgement between /r/ and /1/ 

among the stimuli categorized into nonー/w/.

In general, the relationship between the stimulus 

range and judgement is a salient case of contextual 

effects, which have been important issues in psychophysics 

(e.g. Algom and M紅ks,1990) after the adaptation-level 

theory by Helson (1964). In the speech perception area, 

the psychophysical contextual effect (not the vocalic 

context) has been studied in vowel discrimination (e.g. 

Repp & Crowder, 1990). In contrast. in experiments 

designed to measure the subjects'phonemic categories, 

the psychophysical contextual effect has not been argued 

so far. This might be because the phonemes are perceived 

categorically and judgement is hardly affected by the 

psychophysical context In the non-native phoneme 

perception, this contextual effect is thought to be of great 

significance. In previous studies, the experiments appeared 

to be designed to empirically balance the number of 

stimuli identified as each response category for native 

listeners, and the main issue for those studies was the 

location of phonemic boundaries. However, such a large 

effect of the stimulus range for Japanese listeners'iden-

/1/-sidestimuliinthesecondsession. IfJapaneselisteners tification observed in the present results leads us to 

are capable of making an absolute judgement between /r/ conclude that, in future non-native phoneme perception 

and /1/, the identification patterns obtained in the /r/-side experiments, it is important to discuss the identification 

andthe/1/-sideconditionshavetobesimilartothepartial pattern for each phoneme on a given acoustic space in 

identification patterns for the same /r/-side and /II-side addition to the absolute location of phoneme boundaries. 

stimuli presented among the full range stimuli. In fact, 

A.E. listeners'identification rates in the frrst session were 

rather similar to partial identification rates for the /r/-side_ 

’
~
、
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0. (1973). Cross-Language Study of the Percep-

tion of the F3 Cue for [r] vs. [l] in speech-and 

In this paper the effects of some variables which nonspeech-like patterns. Journal of Acoustcal 

are associated with experiment tasks on the perception of Society of Japan, 29, 315. 

AE /r/ and /1/ for native speakers of Japanese were Lisker,L.(1957) Minimalcuesforseparating/w,r,1,y/in 

Conclusion 

investigated. Through several experiments, these effects 

were revealed to have striking influences on the experi— 

ment results. By investigating the effects, the following 

fmdings about the perceptual characteristics of A.E. /r JI 

for Japanese listeners were obtained: 

(1) Japanese listeners identify some of the 

stimuli on the /r-1/ continuum as /w/. 

(2) Japanese listeners have large individual 

differences in perceiving A.E. /r,1/. However, by classi-

fying theJ apanese listeners according to their identification 

ability of naturally spoken /r,l,w/, Japanese listeners' 

perceptual mode for the /r JI is clarified. 
(3) Japanese listeners with high ability to identify 

naturally spoken /r, 1, w/ perceive the synthetic /r-1/ 

stimulus series categorically. However, these skilled 

Japanese listeners still have three categories, /r/, /w/ and 

/1/, on the series. 

(4) The stimulus range has a significant effect 

on the identification results for Japanese listeners. The/ 

r/ and /1/ identification judgement. is strongly affected by 

the stimulus range, but the /w/ perception is far less 

affected. When the stimulus range presented to the 

listeners in one experiment session is. narrowed, Japanese 

listeners'response for each stimulus change due to a 

relative judgement between /r/ and /1/. 
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