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ABSTRACT 

 
This study compares the use of an identification task 
with the use of a discrimination task for training 
Japanese speakers on the English high front vowels. 
Seventeen Japanese speakers completed two sessions 
of identification training with feedback, using ‘ship’ 
and ‘sheep’ tokens that were manipulated to vary 
along the vowel duration and formant dimensions. 
Their results were compared with those of twenty 
Japanese speakers trained with an AX discrimination 
task. A two-alternative forced-choice identification 
task (without feedback) evaluated the participants’ 
use of temporal and spectral information before and 
after training. The results indicate that both training 
paradigms led to comparable improvement in the use 
of temporal and spectral information. Hence, 
previous research suggesting that the identification 
task provides superior results to the discrimination 
task may be due to mislabeling issues, rather than 
learners’ lack of improvement in the use of spectral 
information.  
 
Keywords: Phonetic training, cue-weighing, vowel 
perception, English vowels, Japanese. 

1. INTRODUCTION 

Phonetic training paradigms typically use an 
identification task [e.g., 7, 12, 13], although a few 
training paradigms have tested the use of a 
discrimination task [e.g., 8, 9, 17]. An identification 
task consists of presenting the second language (L2) 
learners with an audio recording of a word such as 
ship and asking them to identify whether they heard 
the word ‘ship’ or ‘sheep’. An AX discrimination task, 
on the other hand, consists of presenting the L2 
learners with an audio recording of two words (e.g., 
ship – sheep) and asking them to identify whether the 
two words were the same or different. Hence, a 
possible advantage of the use of a discrimination task 
over the use of an identification task is that it could 
be used with populations who are not literate in the 
L2, such as elementary school children learning their 
heritage language. An important concern, therefore, 
is whether the discrimination task yields similar 
results to the identification task. 

A few studies have compared the efficiency of 
discrimination training versus identification training. 
While some studies evaluating the acquisition of Thai 
tones by English speakers [18] and the acquisition of 
English coda consonants by Mandarin Chinese 
speakers [5] have concluded that both tasks are 
equally effective, studies with vowel contrasts have 
generally found that the identification task yields 
superior results [3, 4, 15]. A recent study, however, 
found that while the AX discrimination task was 
effective for increasing learners’ sensitivity to 
contrasts along the spectral dimension, there were 
some instances of mislabeling issues where 25% of 
the Japanese listeners associated the vowel /i/ with the 
word ‘ship’ instead of ‘sheep’ post-training [9]. 
Crucially, mislabeling issues do not mean the learners 
failed to develop separate vowel categories along the 
spectral dimension. Accordingly, the current study 
evaluated whether identification training yields 
superior results to discrimination training with the 
high front vowel contrast, when mislabeling issues 
are disregarded.  

While English speakers rely mainly on changes in 
the first (F1) and second (F2) formant frequencies to 
distinguish the high front vowels as in ‘ship’ and 
‘sheep’ [2, 6, 10], Japanese speakers tend to rely 
instead on vowel duration [6, 14]. Hence, the current 
study looked at the use of temporal (vowel duration) 
and spectral (formant) information for identification 
of the English high front vowels by Japanese speakers 
before and after either identification or discrimination 
training. 

2. METHOD 

2.1. Participants 

Thirty-seven right-handed native speakers of 
Japanese with no reported history of speech or 
hearing impairment and recruited at The University 
of Tokyo took part in the experiment. Twenty were 
assigned to the discrimination condition and 
seventeen to the identification condition. Those 
assigned to the discrimination training were between 
18 and 27 years old (M=20) and had never spent more 
than 8 weeks (M = 1.7 week) in an English-speaking 
country. Their results were first reported in [9]. Those 
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assigned to the identification training were aged 
between 18 and 23 (M = 21) and had never spent more 
than 3 weeks in an English-speaking country (M = 
1.25 week). The Japanese participants received a 
monetary compensation. 

The results of a group of forty monolingual North 
American English speakers recruited at The 
University of Victoria in Canada aged 17-28 (M = 
21), first reported in [9], are used as a baseline for 
comparison. They received course credit for their 
participation.  

2.2. Stimuli 

Twenty-eight tokens were created by manipulating 
the vowel of a ship sample produced by a female 
American English speaker. The recording was done 
in a sound attenuated booth with a Shure SM10A 
microphone, and saved directly to computer using 
Praat [1]. The first (F1), second (F2) and third (F3) 
formants were manipulated in 7 equal steps on the 
Bark scale [21] using a script [20], to go from ‘ship’ 
to ‘sheep’. The formant values of the 7 resulting 
vowels schematized in Figure 1 below are: token 1 
(679/2087/2999), token 2 (631/2203/3041), token 3 
(585/2326/3084), token 4 (540/2457/3128), token 5 
(497/2596/3172), token 6 (456/2744/3218) and token 
7 (415/2902/3264). 

After manipulation of the vowel quality, the 
duration of the 7 vowels was manipulated from short 
to long (90ms, 120ms, 150ms and 180ms) in 4 equal 
steps of 30ms using a script [19], to yield 28 tokens. 
The duration of the onset consonant was fixed to 
210ms, the closure of the stop consonant to 136ms 
and the release burst to 100ms, across all 28 tokens. 
The pitch pattern was altered to downward-rising to 
provide a more natural pitch contour. 

 
Figure 1: Distribution of the 28 stimuli used for the 
pre- and post-tests. The 16 stimuli used for training 
are presented in grey shading. 
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Only 16 of the 28 manipulated tokens, presented 
in grey shading in Figure 1, were used for training. 
These 16 tokens were selected from both ends of the 
spectral continuum, and testing with English speakers 
confirmed that they were the tokens most often 
categorized as ‘sheep’ or ‘ship’ (that is, they 
represented clear exemplars of each vowel category).  

2.3. Procedure 

2.3.1. Pre-test and post-test 
	
The pre-test and post-test were identical. The 28 
tokens used as stimuli were presented randomly 4 
times with the first round discarded from the analyses 
as a practice session. Each test was conducted in the 
form of a two-alternative forced-choice identification 
task. The tests were performed in a sound-attenuated 
room, with stimuli presented via high quality BOSE 
headphones. No feedback was provided during a test. 
The English participants completed the test only once 
and they did not do any training. 

 
2.3.2. Identification training 

 
After the pre-test, the seventeen Japanese listeners 
assigned to the identification condition went through 
one hour of training, which was divided into two 30-
minute sessions held on separate days. For the 
identification training, participants underwent the 
same two-alternative, forced-choice identification 
task akin to the pre-test and post-test but with 
feedback (a written message indicating whether the 
choice was correct). The 16 training tokens were 
presented randomly 32 times each, for a total of 512 
words heard during a session of identification 
training. 
 
2.3.3. Discrimination training 
 
The twenty Japanese listeners assigned to the 
discrimination condition went similarly through one 
hour of training, divided into two 30-minute sessions 
held on different days (their results were first reported 
in [9]). In the discrimination training, the 16 training 
tokens were presented through a ‘same-different’ AX 
discrimination task. The 16 training words were 
paired so that 16 combinations featured words that 
differed in terms of spectral quality, such as token 2 
in Figure 1 followed by token 6 (these should be 
labeled as 'different' by the participants), and 16 pairs 
featured words that may have different vowel 
duration, but the spectral quality was the same, such 
as token 1 and token 16 (these should be labeled as 
'same' by the participants). None of the words was 
paired with itself. Each word was presented 32 times, 
for a total of 512 words heard during a session of 
discrimination training.  

3. RESULTS AND DISCUSSION 

First, we confirmed that the participants improved 
their performance during training with both the 
discrimination task and the identification task. As 
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reported previously [9], the average scores on the 
discrimination task were 88.3% (std. dev.: 10.6) on 
the first training day, and increased to 93.6% on the 
second training day (std. dev.: 8.10), a significant 
improvement of 5.3% (t(19) = 4.09, p < 0.001). 
Participants assigned to the identification training 
paradigm also improved their performance from the 
first training day (93.2%, std. dev.: 6.57) to the 
second training day (97.2%, std. dev.: 2.70), a 
significant increase of 4% (t(16) = 2.96, p < 0.01). 

The goal of the current study was to assess 
whether identification training leads to greater 
changes in cue-weighting than discrimination 
training for categorization of the vowel contrast in 
‘ship’ and ‘sheep’ by native Japanese speakers. The 
following sections look, in turn, at changes in the use 
of vowel duration and at changes in the use of spectral 
information by participants in the two training 
conditions. Their performance post-training is also 
compared with that of native English speakers for 
reference. 

3.1. The use of temporal cues 

Figure 2 shows the use of vowel duration by the 
discrimination group and identification group before 
(pre-test) and after training (post-test), compared with 
English speakers’ performance. Both training groups 
used vowel duration to contrast the vowels on the pre-
test, whereas English speakers did not. At post-test, 
both training groups have learned to ignore the vowel 
duration contrast. 

The vowel duration data were analysed using a 
mixed-design ANOVA in R [16] with within-subject 
factors of Duration and Time (pre-test and post-test) 
and a between-subject factor of Condition 
(discrimination and identification). The package “ez” 
was used for the analysis [11]. Mauchly’s test 
indicated that the assumption of sphericity had been 
violated	 (W = 0.32, p < .001), therefore the degrees 
of freedom were corrected (ε = 0.58). Participants in 
the two training conditions behaved differently from 
pre-test to post-test, which was shown by the 
significant Time X Duration interaction; F(3, 105) = 
112.34, p < .001, ηp

2 = 0.43. However, the Time X 
Condition X Duration interaction was not significant; 
F(3,105) = 2.53, p = .095, ηp

2 = .016, and so there was 
no differential effect for training: Participants in the 
discrimination group used vowel duration in a way 
comparable to the identification group both in pre-test 
and post-test. 

Furthermore, the post-test performance on vowel 
duration of both training groups was comparable to 
that of the native speakers. A mixed-design ANOVA 
was performed with Duration as the within-subject 
and Condition (discrimination, identification, and 

English) as the between-subject factor. The data was 
not spherical (W = 0.40, p < .001), and so 
Greenhouse-Geisser estimate of sphericity (ε = 0.51) 
was used. The Condition X Duration interaction was 
not significant; F(3, 105) = 0.52, p < .582, ηp

2 = .007. 
Thus, the behaviour of both training groups was the 
same as that of the English native speakers after 
training.  

 
Figure 2: Comparative results between 
discrimination and identification training involving 
the 28 test tokens across all vowel duration values 
for the pre-test and post-test. English data are 
provided on both graphs for reference. 

 

3.2. The use of spectral cues 

In the discrimination training study, some cases of 
mislabeling issues were found on the post-test, where 
5 out of 20 Japanese speakers associated the vowel /i/ 
with the word ‘ship’ instead of the word ‘sheep’ [9]. 
No mislabeling issues were found with the 
identification training. As the focus in the current 
study is to compare the ability of Japanese speakers 
use of spectral information after discrimination 
versus identification training, the association between 
the vowel categories and their respective 
orthographic representations was disregarded. That is, 
the post-test data of the mislabeling participants in the 
discrimination condition were reversed by recoding 
as ‘sheep’ all instances labeled by the participant as 
‘ship’, and vice versa. Hence, the data used for 
analyses for the discrimination task includes all 20 
participants (whereas only 15 were used for the 
analyses in [9]). 

As shown in Figure 3, the use of the spectral cues 
by the discrimination and identification training 
group were comparable on the pre-test, with less 
reliance on spectral information than native English 
speakers in order to classify the vowels. On the post-
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test, however, both training groups had increased 
their use of spectral information towards that of 
native English speakers’ performance. And the 
improvement observed with the discrimination task 
was equivalent to the improvement achieved with the 
identification task, though neither achieved native-
like performance. 

The formant data were analysed using, once 
again, a mixed-design ANOVA with within-subject 
factors of Formant and Time (pre-test and post-test) 
and a between-subject factor of Condition 
(discrimination and identification).	 Mauchly’s test 
indicated that the assumption of sphericity had been 
violated	 (W = 0.05, p < .001), therefore degrees of 
freedom were corrected using Greenhouse-Geisser 
estimate of sphericity (ε = 0.45). Both of the training 
conditions changed their behaviour over time, which 
was shown by the significant Time X Formant 
interaction; F(6, 210) = 55.51, p < .001, ηp

2 = .34. 
However, the Time X Condition X Formant 
interaction was not significant; F(6, 210) = 0.85, p 
= .53, ηp

2 = .008, indicating there was no differential 
effect for training: both training groups exhibited 
comparable results. 
	

Figure 3: Comparative results between 
discrimination and identification training involving 
the 28 test tokens along the spectral continuum for 
the pre-test and post-test. English data are provided 
on both graphs for reference. 

 
 

The post-test formant data of both training 
groups were then compared with that of the English 
native speakers with Formant as the within-subject 
factor, and Condition (discrimination, identification, 
and English) as the between-subject factor. Again, 
Mauchly’s test indicated a violation of sphericity (W 

= 0.054, p < .001), therefore Greenhouse-Geisser 
estimate of sphericity (ε = 0.58) was used. The 
Condition X Formant interaction was significant; 
F(12, 444) = 16.83, p < .001, ηp

2 = .26. Both groups 
did not attain the same behaviour as native speakers.  

Understandably, the effect of training versus the 
effect of exposure to the stimuli need to be 
disentangled in the future by running a control group. 
Keeping this in mind, the results so far suggest that 
discrimination training and identification training 
may yield comparable results when looking at 
changes in the use of vowel duration and spectral 
information. Hence, previous studies demonstrating 
that identification training yields better results than 
discrimination training for the learning of vowel 
categories (e.g., [3], [4]) may have encountered 
mislabeling issues, which may have affected the 
results of the group assigned to the discrimination 
condition. As discrimination training does not 
provide information about phoneme-grapheme 
associations, mislabeling issues may be expected 
with this kind of training if no specific instruction in 
this regard has been provided. The long-term benefits 
of discrimination training as well as generalization to 
new tokens and talkers still need to be investigated by 
taking into consideration mislabeling issues.  

4. CONCLUSION 

The current study compared the use of an 
identification task with the use of an AX 
discrimination task for training with the English 
vowels in the words ‘ship’ and ‘sheep’ by native 
Japanese speakers. A cue-weighting task evaluated 
the use of temporal and spectral information by the 
two groups before and after one hour of training. 
Their performance was also compared with that of 
native English speakers. It was found that the learners 
assigned to the discrimination group and those 
assigned to the identification group equally reduced 
their reliance on vowel duration while equally 
increasing their sensitivity to spectral information 
towards native speakers’ performance. Participants in 
both training conditions performed like native 
speakers on the use of vowel duration after one hour 
of training, but still differed from native speakers on 
their use of spectral information, though their use of 
this cue became more categorical. 
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