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ABSTRACT 
How does the perception of a new phoneme contrast develop? Are differences found across 
age groups? In answering these questions, we use two alternative hypotheses: i) Acquired 
Distinctiveness: before learning, differences between and within phoneme categories are 
relatively hard to discriminate. Through training, the phoneme boundary is learned. ii) Acquired 
Similarity: before learning, differences between and within phoneme categories are relatively 
well discriminated. Due to training, only the phoneme boundary remains discriminable. We will 
discuss two perception experiments. In experiment I, Dutch adults learned the British-English 
pseudowords ‘thif’ and ‘sif’ (the first consonant in ‘thif’, /θ/, is not a phoneme of Dutch). Between 
pretest and posttest with materials from one speaker, participants were trained with speech from 
five other speakers. This forced them to form abstract phoneme categories. The results show 
that trained listeners seemed to perform better than control listeners in the posttest. However, in 
general, the control group, who received no training, was difficult to distinguish from the trained 
listeners. In experiment II, a small group of 12-year-old Dutch children was tested on the same 
contrast. They received a restricted amount of training. With respect to our question of how the 
perception of a new phoneme contrasts develops, it appeared that similar learning paths were 
used by both age groups: discrimination levels increased as a result of learning. 

INTRODUCTION  
Learning a language implies learning to perceive unknown phoneme contrasts. But how does 
the perception of a new phoneme contrast develop? We start from two hypotheses that have 
originally been posed to test learning of native phonemes (Liberman et al., 1961). The first, 
Acquired Distinctiveness, says that, before learning, differences between and within phoneme 
categories are hardly discriminable. Through training, the phoneme boundary is learned. 
Jamieson and Morosan (1986) report results in line with this hypothesis. Secondly, according to 
Acquired Similarity, differences between and within phoneme categories are well discriminated 
before learning. Due to training, only the phoneme boundary remains discriminable. Learning by 
infants, even though this may not be at the phonemic level, has been mentioned as consistent 
with this hypothesis (Pisoni, 1991). A second question we want to answer is: do different age 
groups learn new contrasts in similar ways? Children up to 12 years of age may still be 
acquiring their native-language phonemes (Hazan & Barrett, 2000), which could influence their 
learning of foreign languages, as opposed to adults, whose native language is already in place.  

This paper will discuss the perceptual development of the /θ-s/ contrast from British-English by 
Dutch adult and 12-year-old listeners. Generally, the Dutch begin learning English as a second 
language early. But, as Collins and Mees (1999) observe, they often replace /θ/ with /s/ in 
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production. The adults are expected to follow Acquired Distinctiveness, which will probably also 
be the way the 12-year-olds learn the new phoneme contrast. 

EXPERIMENT I: ADULTS 

Method 

Materials  
Continua of eight stimuli were synthesized from the British-English phonemes /θ/ and /s/ by 
means of linear spectral interpolation (van Hessen, 1992). The phonemes occurred in the onset 
positions of a pair of (both Dutch and English) nonsense words: thif – sif. Continua were based 
on speech from six British-English, male and female, speakers. The phoneme boundary in each 
continuum had been determined in a classification study with 31 native British-English listeners. 

Participants 
In the test 34 students participated, all native speakers of Dutch. None of them were students of 
English. The first 17 subjects received training between pretest and posttest. The other 17, the 
control group, took only part in pretest and posttest.  

Design 
A pretest-posttest design was used. In both pre- and posttest 4IAX discrimination and absolute 
identification with speech from one male speaker were run. 4IAX discrimination was expected to 
reflect both phonemic and auditory perception of the stimulus pairs (Pisoni, 1975; Gerrits, 2001). 
Learning by Acquired Distinctiveness would become most apparent in a 1-step test, since the 
discrimination level in this test was expected to be low from the beginning. Learning by Acquired 
Similarity would show in a 3-step test, since its initially high discrimination levels could fall as a 
result of training. In absolute identification the listener has as many response options as there 
are stimuli. The test reflects the listener’s grasp of the continuum. Classification training was 
chosen to direct the participants’ attention towards the two categories (e.g. Jamieson & 
Morosan, 1986). Training materials were continua from five speakers other than the test 
speaker, encouraging robust category formation (Lively et al., 1993). 

Procedure 
All experiments were run in a quiet room at the Utrecht Institute of Linguistics OTS. A laptop 
computer was used both to present the stimuli at random and to register responses. Listeners 
were tested individually. Stimuli were presented over headphones at a comfortable listening 
level. The pretest was completed on the first day. On subsequent days, training sessions were 
run until the listener classified the new phoneme contrast correctly in at least 85 % of the trials. 
On the final day the posttest took place. In all tests breaks were given at regular intervals, 
response times were unlimited, and trial order was randomized. 
 
4IAX Discrimination: On each trial, a stimulus pair was presented in one of eight possible orders 
(AB-AA, AA-BA, BA-AA, AA-AB, BB-AB, BB-BA, AB-BB or BA-BB). This test was given twice, 
once with 1-step (i.e. 1-2, 2-3, …) and once with 3-step stimulus pairs (i.e. 1-4, 2-5, …) and their 
order was balanced across subjects. Listeners received written instructions asking them to 
indicate whether the first or second word pair consisted of the same stimuli. It was stressed that 
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differences could be small. The task introduction consisted of eight four-step stimulus pairs from 
the same continuum. ISI’s were 300 ms and inter-pair intervals 500 ms. All orders per stimulus 
pair were each presented four times. 
 
Absolute identification: Listeners received written instructions, asking them to indicate which 
stimulus from the continuum they had heard. The instructions included a picture of eight 
numbered buttons. Over the first and last button, pictures of men were plotted. It was explained 
that each button hid a unique word and that words changed in steps from the name of the first 
man (behind button 1) to the name of the second man (behind button 8). Next, the stimuli were 
introduced five times in various sequences. During testing, stimuli were presented 20 times. 

Classification training: Listeners had to reach at least 85% correct identification over two 
subsequent training tests before proceeding to the posttest. On each training session, one to 
four training tests of 480 trials each were run. The test was introduced by both endpoint stimuli 
from each of the five training speakers. Listeners received immediate feedback on each trial, 
informing them of the correctness of their choice, and were also regularly shown their 
percentage of correct responses so far. Training tests contained 12 repetitions per stimulus.  

Results 
Repeated measures ANOVA’s were run with within-subjects factors Test (2) and Stimulus Pair 
(7) or Stimulus Number (8), and between-subjects factor Listener Group (2). 

4IAX discrimination 
Main effects of Test (F[1,30]=14.9, p=.001) and Stimulus (F[6,180]=10.2, p<.001) were found. 
The results are shown in figure 1. Listeners’ mean scores increased from pretest to posttest (57 
to 61%), but participants did not distinguish all stimulus pairs equally well. No effect of Listener 
Group was found, which means that the trained listeners did not perform significantly better than 
the controls. A post-hoc ANOVA on the posttest data did reveal an effect of Listener Group 
(F[1,224]=7.5, p=.007): the trained listeners scored better than those in the control group. 3-step 
4IAX discrimination showed similar results. Main effects of Test (F[1,30]=13.4, p=.001) and 
Stimulus Pair (F[3.4,101.4]=9.3, p<.001) were found. Percentages correct increased from 88% 
before to 93% after training. Again, no effect of Listener Group was found. Within the posttest 
data, trained listeners did perform better than controls (F[1,155]=10.8, p=.001). 

Absolute identification 
A Test x Stimulus interaction (F[4.5,136]=3.9, p=.003) was found. At the /θ/-end of the 
continuum, participants became better at identifying the stimuli, while this was not the case at 
the /s/-end. Furthermore, main effects of Test (F[1,30]=28.2, p<.001) and Stimulus (F[2.6, 
78.3]=794.1, p<.001) were found. But again, no effect of Listener Group was present. The mean 
response variances also showed main effects of Test (F[1,30]=20.6, p<.001) and of Stimulus 
(F[4.3,129.7]=5.5, p<.001). Posttest variances were smaller than those in the pretest, which 
means that participants had become better at identifying the stimuli. 
In summary, differences between pretest and posttest were present. Trained listeners’ progress, 
however, was not easily distinguished from that of controls.  

The amount of training needed to reach criterion varied among test listeners: some needed only 
960 training trials, while others needed as many as 7680 trials. It is conceivable that listeners 
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who needed more training also show larger differences between pre- and posttest. Therefore, 
the trained listeners’ data were retested, this time with Training Amount as a covariate. The 
findings differing from the effects described earlier are reported here. For 3-step 4IAX 
discrimination, a Text x Training Amount interaction was found (F[1,15]=4.8, p=.044), as well as 
a main effect of Training Amount (F[1,15]=16.4, p=.001). The rise in correct responses between 
pre- and posttest was generally larger as the amount of training increased. The mean response 
variances in absolute identification also showed a main effect of Training Amount (F[1,15]=5.5, 
p=.033). Apparently, the more training a listener needed, the larger the effects were. 
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Figure 1. 4IAX discrimination of 1-step stimulus pairs by adult listeners in pretest 
(dashed) and posttest (solid), with a reference line at 50 % correct. 

Discussion 
Differences between trained and control listeners were small. Within the posttest data, however, 
the groups differed in a way consistent with learning by the trained group. But improvement was 
not restricted to the phoneme boundary; increased perceptual sensitivity was mostly found 
within phoneme categories. 

EXPERIMENT II: 12-YEAR-OLDS 

Method 
A group of thirteen 12-year-old children participated: eight in the training group, and five 
controls. The same materials as in experiment I were used. 

Procedure 
All experiments were run in a relatively quiet room at the children’s school. The procedure was 
similar to that of the adults with two exceptions: (i) the amount of training children received was 
restricted to three 280-trial sessions, and (ii) children completed 4I-oddity discrimination with 
500 ms ISI’s instead of 4IAX discrimination. 4I-oddity has a smaller number of stimulus 
permutations (ABAA and AABA), making it less time-consuming. According to Gerrits (2001) the 
4I-oddity test reflects auditory rather than phonemic discrimination. We therefore expected to 
find no differences between pre- and posttest discrimination results. 

 /θ/                                             /s/  /θ/                                             /s/ 



Heeren.  Perceptual development of phonemes 

 

From Sound to Sense: June 11 – June 13, 2004 at MIT                         C-35                           

Results 
Data from three trained children were not included in the analyses. Two of them did not improve 
during training. A third child did not complete the tests due to illness. 

4I-oddity discrimination 
A main effect of Test was found (F[1,8]=7.4, p=.026). On average, posttest scores (59%) were 
higher than pretest scores (54%). Mean percentages of correct responses in 3-step 
discrimination did not increase significantly (pretest 77% to posttest 80%). 
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Figure 2. Absolute identification by 12-year-olds in pretest (dashed) and posttest 
(solid) with a diagonal representing ideal absolute identification. 

Absolute identification 
Figure 2 shows the mean responses to each of the stimuli in absolute identification. The mean 
responses showed a Test x Stimulus interaction (F[4.0,32.2]=5.2, p=.002), as well as a main 
effect of Stimulus (F[1.5,11.7]=41.9, p<.001). Furthermore, a marginally significant Listener 
Group effect was found (F[1,8]=4.6, p=.065). Even though both groups became more accurate 
at the /θ/-end of the continuum, this effect was larger for the trained listeners. The mean 
response variances showed a Test x Listener Group interaction (F[1,8]=9.9, p=.014) and a main 
effect of Test (F[1,8]=16.2, p=.004). Trained listeners became more accurate at most stimuli, 
whereas control listeners did not improve. Post hoc ANOVA’s revealed main effects of Listener 
Group in both pre- and posttest (F[1,64]=5.4, p=.023, F[1,64]=7.2, p=.009, respectively): trained 
listeners’ variances were smaller than those of the controls in the posttest data whereas they 
had been larger in the pretest. 

Discussion 
Despite the small number of participants and limited training, differences between trained and 
control listeners were found, mainly in absolute identification: trained listeners became more 
accurate in their responses, as reflected by their variances, whereas the controls did not. 

/θ/                                                   /s/  /θ/                                                  /s/ 
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DISCUSSION AND CONCLUSIONS 
Both adults’ and 12-year-olds’ discrimination levels increased as a result of learning. Most 
improvement, however, was found within phoneme categories. The results are most consistent 
with learning by Acquired Distinctiveness, but do not strongly support the hypothesis since an 
increase in discrimination scores at the phoneme boundary was not clearly found. This effect 
may have been caused by relatively high pretest scores by the adults and by the nature of the 
discrimination tasks. The adult control group has shown that improvements in test performance 
were reached without training with multiple speakers: to them, the pretest may have been a 
training in itself. They also had more experience with English opposed to the child controls, who 
hardly improved without training. 
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