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Abstract

How does the perception of a nonnative phoneme contrast 

develop? In answering this question we test whether 

development follows acquired distinctiveness or acquired 

similarity. The specific question that the present study dealt 

with is: how do Dutch listeners learn to perceive the /t-t /

quantity contrast from Finnish, whereas Dutch does not use 

phonological length contrastively? A phoneme training study 

with a pretest-training-posttest design was run. The Finnish 

pseudowords ata (/ /) and atta (/ /) were manipulated 

into phoneme continua by varying stop closure duration in 

productions from six speakers. Control data from Dutch 

untrained listeners as well as from six Finnish listeners were 

collected. Trained listeners learned to classify the new length 

contrast in a more native-like manner, whereas control 

listeners showed no progress. With respect to 2IFC 

discrimination, neither trained listeners nor controls 

developed a perceptual sensitivity pattern similar to that of 

the Finnish controls. Thus, short-term training on a nonnative 

phoneme contrast may not successfully alter perceptual 

sensitivity. Comparison of Dutch and Finnish discrimination 

results leads us to the conclusion that learning most likely 

follows acquired distinctiveness. 

1. Introduction 

In quantity languages, segment length is phonologically 

contrastive, and is acoustically cued by segment duration. 

Throughout the world’s languages, vowel length contrasts are 

found more often than consonant length contrasts [1]. 

Consonant length contrasts occur, for instance, in Italian, and 

a language such as Finnish or Japanese has both contrastive 

vowel and consonant length.

Dutch is not a quantity language, but it does have 

segments that contrast in length. The language has short-long 

vowel pairs that are, however, also cued by spectral 

differences between the vowels. The long vowels are 1.5 to 2 

times longer in duration than the short ones [2, 3]. Dutch has 

no short-long contrast for consonants, but consonant duration 

can be influenced by the length of a preceding vowel [2, 4, 

but see also 5]. The reported differences, however, were in 

the range of only 5 to 12 ms, whereas double consonants in 

quantity languages are about twice as long as singletons. 

Consonant duration in Dutch can further be influenced by 

surrounding consonants [6]: the more complex the onset or 

coda, the shorter the duration of the consonants constituting 

it. These small durational differences between consonant 

realisations in Dutch, however, are not thought to be relevant 

in perception. Thus, even though Dutch does employ some 

durational differences on the segmental level, it does not use 

consonant length contrastively in the way quantity languages 

do. Accordingly, it is expected that Dutch listeners will have 

difficulty discriminating pairs of words differing in consonant 

duration alone, at least in comparison with, for example, 

Finnish listeners, whose native language uses consonant 

length contrastively. 

The present study addressed the question of how Dutch 

adult perception of the Finnish quantity contrast /t-t /

develops. We hypothesize that learning occurs through 

acquired distinctiveness or through acquired similarity [7]. In 

case of acquired distinctiveness, the nonnative listener 

initially has difficulty discriminating the nonnative phonemes, 

but learns to distinguish speech sounds that he is trained to 

categorize differently. In case of acquired similarity, the 

nonnative listener initially discriminates between-category 

and within-category speech sounds. As a result of training, 

however, only speech sounds that he is trained to categorize 

differently remain easy to discriminate. In other words, the 

main question is whether the perception of a nonnative 

phoneme contrast develops through an increase in perceptual 

sensitivity at the newly learned phoneme boundary, or 

through a decrease in sensitivity within the newly learned 

phoneme categories. 

There is some evidence for development of a new 

phoneme contrast through acquired distinctiveness from 

earlier training studies [8, 9]. French-speaking learners of 

English showed an increase in discrimination scores at their 

newly learned phoneme boundary between the categories / /

and / / [8]. Dutch learners of English / -s/ showed increased 

perceptual sensitivity as a result of training, but not only at 

the newly learned phoneme boundary [9]. Furthermore, 

learners differed only minimally from untrained control 

listeners. With respect to quantity contrasts it was found that 

language learners’ identification of quantity contrasts 

improves with language exposure [10, 11]. English listeners 

were found to be less accurate in identifying Japanese length 

contrasts than Japanese listeners [10]. Trained English 

listeners performed better than untrained ones, but did not 

reach native levels of performance after 15 training sessions 

spread over five days. Another study showed that advanced 

L2 learners acquired Finnish quantity contrasts [11]. 

However, differences in performance between native and 

nonnative listeners remained. Improvement in identification 

behaviour suggests that adult learners’ perceptual sensitivity 

increases with language exposure. It is therefore expected that 

Dutch adult listeners learn a Finnish quantity contrast through 

acquired distinctiveness. 

A pretest-training-posttest study was run in which Dutch 

listeners learned to perceive the Finnish quantity contrast /t-

t /. The effect of training on identification of the newly 

learned speech sounds and on perceptual sensitivity was 
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studied. The research method is explained more elaborately in 

section 2. 

2. Method 

In a training study, Dutch listeners learned to classify the 

nonnative speech sounds /t/ and /t / into two phoneme 

categories similarly to native Finnish listeners. A pretest-

training-posttest design was used. Before training, baseline 

perception was measured in a classification and a 

discrimination test. After training, these same tests were run 

again. Furthermore, control data were collected from Dutch 

listeners who did not learn the Finnish phoneme contrast.  

2.1. Materials 

The Finnish pseudoword pair ata-atta (/ - /) was 

recorded as spoken by six different, male and female, native 

speakers of Finnish. The speakers’ ages varied from 20 to 55 

years. A significant difference between the durations of the 

final / /’s in the two word forms was found. Before 

manipulation, this difference was neutralized to the mean 

duration of the final vowels. Next, 6 phoneme continua of 7 

stimuli each were synthesized by shortening the closure 

duration of /t / to /t/ in equal steps. One female speaker’s 

continuum was used as test continuum, consisting of closure 

duration steps of 131, 166, 201, 236, 271, 306 and 341 ms. 

The other speakers’ continua were used as training materials. 

The location of the phoneme boundary in each continuum had 

been determined in a classification experiment with native 

Finnish listeners. 

2.2. Participants 

A group of 28 students from Utrecht University participated, 

all native speakers of Dutch without hearing problems. Their 

mean age was 23 years. Half of them formed the test group, 

completing the entire procedure – pretest-training-posttest – 

whereas the other half were the controls, doing only pretest 

and posttest without receiving any training. 

2.3. Design 

In pretest and posttest, listeners only heard the test speaker. 

Firstly, listeners completed classification of the /t-t /

continuum, followed by 2IFC discrimination at 1- and 2-step 

stimulus distances. During this discrimination task, 

participants respond by giving the presentation order of two 

different stimuli taken from the continuum, so either AB or 

BA. The two step sizes were used to give both hypotheses, 

acquired distinctiveness and acquired similarity, a chance. If 

discrimination performance improves as a function of training 

(reflected by an increase in the percentage of correct 

responses), this may show up mainly in 1-step discrimination, 

since 1-step differences are initially difficult to discriminate. 

On the other hand, if discrimination performance falls as a 

result of training, this may mainly show in 2-step differences 

that are initially relatively easy to discriminate. The posttest 

was administered one day after the last training. It was not 

run directly after the last training in order to measure effects 

of learning, and not of phonological priming. 

As training, classification sessions with feedback were 

run using phoneme continua based on speech from 5 

speakers. The speaker variation encourages listeners to form 

robust phoneme categories [12]. Feedback informed 

participants on the correctness of their responses, but did not 

provide explicit instructions. 

2.4. Procedure 

Tests were run in a quiet room. A laptop computer was used 

both to present the stimuli in a random order and to register 

responses. Stimuli were presented over closed-ear 

headphones at a comfortable listening level. Listeners were 

tested individually and received written instructions. 

In the pretest, listeners classified the continuum by 

labeling each stimulus as containing a ‘short t’ or a ‘long t’. 

As a short introduction the continuum’s endpoints were each 

presented twice as category exemplars. The test itself 

consisted of 10 stimulus repetitions, i.e. 70 trials, and 

included a break halfway. Classification lasted about 4 

minutes. Next, 2IFC discrimination with 1-step and 2-step 

stimulus pairs was administered. The inter-stimulus interval 

was 200 ms. Listeners responded by indicating which 

presentation order they had heard: ‘the first word contained 

the shorter [t] and the second one the longer [t]’ or the other 

way around. As an introduction, a few examples of 6-step 

stimulus pairs were presented, followed by 11 practice trials 

at 1-step and 2-step stimulus differences. The actual test 

consisted of 20 repetitions per stimulus pair (10 in each 

order). Stimulus order was randomized and three breaks were 

included at regular intervals. The test lasted for 15-20 

minutes.

Between pretest and posttest, listeners received 

classification training with feedback on the correctness of 

their responses until they reached a score of 90% correct 

responses in two subsequent 350-trial training sessions. A 

session contained 10 repetitions  7-stimulus continua  5 

speakers. A maximum of two training sessions per day was 

given. The posttest consisted of the same tests as the pretest. 

3. Analysis and results 

Pretest and posttest classification results are represented as 

percentages of /t / responses to each of the duration steps per 

listener. These percentages were transformed to z-scores, 

which were subjected to linear regression analyses, per 

listener and per test. From the regression fits, the phoneme 

boundary and boundary width were derived. The phoneme 

boundary was fixed at the 50% point where z = 0. The 

boundary width was determined by subtracting the 25% point 

(at z = -.674) from the 75% point (at z = .674). The 2IFC 

discrimination results are given in percentages of correct 

responses to each of the stimulus pairs. One-step and 2-step 

results are presented separately. The mean amount of training 

necessary for proceeding to the posttest was 1625 trials, 

ranging from 700 to 3150 trials. This roughly corresponds to 

a mean of five training sessions per participant. 

3.1. Classification of the test continuum 

The phoneme boundaries and boundary widths are given in 

Table 1. For reference, the Finnish phoneme boundary and 

boundary width are shown as well. The effect of training on 

the boundaries and boundary widths was addressed in 

repeated measures analyses with within-subjects factor Test 

(pretest vs. posttest) and between-subjects factor Listener 

Group (trained vs. control).
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The phoneme boundaries showed a main effect of 

Listener Group, F(1,26) = 7.2, p = .013. On average, trained 

listeners put the phoneme boundary closer to the Finnish

boundary than controls. The pretest difference between the 

listener groups’ mean boundaries, however, was not

significant. The posttest difference between the listener 

groups was significant. Trained listeners’ phoneme

boundaries shifted towards the Finnish boundary (from 223 to 

215 ms) as a result of training. The control listeners’ phoneme

boundary remained at the same location. 

Table 1: Phoneme boundaries and boundary widths in 

pretest and posttest, for the trained listeners and the 

controls. The Finnish values are given as a reference. 

Phoneme

boundary (ms) 

Boundary

width (ms) 

Dutch trained Pre 223 39

Post 215 33

Dutch controls Pre 233 38

Post 233 38

Finnish 203 35

The boundary widths revealed a main effect of Test and a 

Test  Listener Group interaction [F(1,26) = 5.2, p = .031 and 

F(1,26) = 4.9, p = .035]. The mean boundary width of the 

trained listeners decreased as a result of training (from 39 ms

to 33 ms), whereas this was not the case for the controls (38 

ms in both tests). This means that trained listeners became

more consistent in their responses as a result of training. 

In sum, differences in classification responses between 

the Dutch trained and control listeners were found. Trained 

listeners’ classification of the Finnish quantity continuum

became more native-like through training with continua from

five other speakers, whereas this was not the case for the

control listeners. 

3.2. 2IFC discrimination of the test continuum

The classification results showed that listeners benefited from

training and as a result gave more native-like responses. The 

discrimination test was included to reveal changes in

perceptual sensitivity along the test continuum as a result of

training. The expectation was that trained listeners’ sensitivity

would develop through acquired distinctiveness. 

The results of 1-step and 2-step discrimination were 

separately subjected to repeated measures ANOVAs with 

Test (pretest vs. posttest) and Stimulus Pair (1-step: 1-2 to 6-

7, or 2-step: 1-3 to 5-7) as within-subjects factors and

Listener Group (trained vs. control) as between-subjects 

factor. If necessary, degrees of freedom were Huynh-Feldt

corrected.

In 1-step 2IFC discrimination, a main effect of Stimulus 

Pair and a Test  Stimulus Pair interaction were found, 

[F(4.3,112.2) = 21.3, p < .001; F(5,130) = 4.4, p = .001].

Overall, trained listeners’ mean percentages correct increased

somewhat from pretest to posttest (69% to 71%), whereas

results for control listeners showed a small decrease (70% to

69%). No effect of Listener Group or Test  Listener Group

interaction was found. This means that trained listeners’

perceptual sensitivity did not show obvious changes between 

pretest and posttest compared to the controls’ sensitivity.

Pretest results per listener group are shown in Figure 1, 

posttest results are given in Figure 2. Data from six Finnish 

listeners are shown as a reference line. 

It was expected that the trained listeners would develop 

heightened perceptual sensitivity around the location of their 

phoneme boundary, i.e. near stimulus pair 3-4 (201-236 ms).

This peak is not present, but trained listeners did tend to give 

more correct answers to stimulus pairs 3-4 and 4-5 after 

training, i.e. the region around the phoneme boundary. This

may mean that their perceptual sensitivity shifted to the

relevant region, but the change was not significant within the 

group of trained listeners. In comparison with control

listeners, however, trained listeners did reach higher posttest

discrimination scores for stimulus pair 3-4. The control 

listeners’ discrimination results show a small peak at stimulus 

pair 2-3 (166-201 ms) that lies significantly higher than their 

pretest responses to that stimulus pair. This increase, 

however, does not occur in the region where a higher 

perceptual sensitivity would be expected, i.e. near their 

perceived boundary at 233 ms. 
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Figure 1: One-step 2IFC discrimination pretest results. The 

Finnish discrimination pattern is given as a reference. 
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Figure 2: One-step 2IFC discrimination posttest results. The 

Finnish discrimination pattern is given as a reference. 

As for 2-step discrimination, main effects of Test and

Stimulus Pair were found [F(1,26) = 9.8, p = .004; F(3.5,

90.8) = 42.4, p < .001]. Trained listeners’ mean percentage

correct increased from 84% to 88%, which was a significant
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increase. At stimulus pairs 1-3 and 3-5 trained listeners 

became more accurate. Control listeners’ mean percentage 

correct increased from 84% to 86%, but this was not 

significant.

4. Discussion 

The present experiment was designed to study how perception 

develops while Dutch adults learn the Finnish quantity 

contrast /t-t /. It was expected that Dutch listeners would learn 

to perceive the new phoneme contrast through acquired 

distinctiveness, and not through acquired similarity. 

The classification results showed that training with 

multiple speakers was effective, as had been found earlier 

[13]. Trained listeners partially transferred the newly learned 

phoneme boundary from the training speakers to the test 

speaker. These findings are in line with other results on 

quantity learning [e.g. 11]. Trained listeners’ phoneme 

boundaries moved closer to the Finnish boundary, whereas 

this was not the case for controls. Moreover, the trained 

speakers’ boundary width decreased, reflecting an increase in 

their consistency, which was not found for the controls.  

Classification training had improved nonnative listeners’ 

classification of the test continuum. It was expected that 

perceptual sensitivity along that continuum would also 

develop as a result of training. One-step discrimination 

results, however, hardly changed towards the native 

sensitivity pattern: the trained listeners did not show a peak in 

perceptual sensitivity near the newly learned phoneme 

boundary. Nevertheless, in the posttest trained listeners gave 

more correct responses at the stimulus pair straddling their 

phoneme boundary than control listeners did. Moreover, in 2-

step discrimination, percentages of correct responses 

increased significantly for the trained listeners, but not for the 

controls.

The results from the pretest-training-posttest experiment 

provide little direct evidence in favour of development 

through acquired distinctiveness, since the changes in 

discrimination behaviour were small. More indirectly, the 

evidence does point in the direction of learning through 

acquired distinctiveness. In the first place, the Dutch 

listeners’ discrimination scores in the 1-step test were 

relatively low before training and showed some increases 

through training. Secondly, no decrease in 2-step 

discrimination levels was found that could have supported 

learning through acquired similarity. Therefore, the findings 

did seem to confirm the expected results. 

The question that emerges is why the changes in 

perceptual sensitivity as a result of learning were so small. A 

possible explanation is that much more experience is 

necessary to reliably change perceptual sensitivity. This 

contrasts with the relative ease with which identification 

behaviour may be altered. A second possible explanation is 

that native-like sensitivity along a nonnative continuum 

cannot be achieved. These explanations will be addressed in a 

follow-up study with native-Dutch advanced students of 

Finnish. It is expected that advanced students who have had 

ample exposure to the target language will show a perceptual 

sensitivity pattern that is more native-like. 

5. General conclusion 

The perceptual development of Dutch listeners learning the 

Finnish quantity contrast /t-t / was studied. The question was 

whether nonnative perception develops through acquired 

distinctiveness or through acquired similarity. It was shown 

that Dutch learners of Finnish needed only a few days of 

training to make their classification of words containing 

either /t/ or /t / more native-like. However, Dutch listeners’ 

perceptual sensitivity along the newly learned phoneme 

continuum hardly changed towards native sensitivity. The 

evidence, however, did point towards development through 

acquired distinctiveness. Furthermore, it is expected that 

much more experience is needed to achieve native-like 

perceptual sensitivity that is characterised by a peak near the 

perceived phoneme boundary.  
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