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ABSTRACT 

An important issue in vowel acquisition is the use and 
relative weighting of acoustic cues, in particular with 
respect to spectral and temporal properties. This paper 
evaluates the effect of experience and L2 input on the 
perception of the English lax/tense vowel contrast by 
speakers of Catalan, a language with no such contrast.  
Two groups of adult learners were tested which differed in 
the kind and the amount of L2 experience. The results 
show that both groups show a stronger reliance on vowel 
duration than on vowel quality for the distinction between 
English /i/ and //. This indicates that neither amount of 
exposure nor the kind of L2 input have an effect on the 
sensitivity to spectral/temporal differences. 

1. INTRODUCTION 

Although the contrast between lax and tense vowels is 
described in terms of both temporal and spectral 
differences, there is evidence that native speakers of at 
least some varieties of English rely mostly on spectral 
cues in discriminating the two vowel types, especially in 
the case of high vowels [1]. Native English speakers' 
reliance on spectral cues is also reported in a number of 
works evaluating the relative weighting of cues by native 
and L2 English speakers. These studies show that L2 
English learners exploit temporal cues to a greater extent. 
This is found both with learners whose L1 has temporal 
contrasts and also with speakers whose L1 has no vowel 
duration contrast (see [2] for a review of the relevant 
literature). Bohn [3] claims that late learners can detect 
temporal differences between a pair of unfamiliar L2 
vowels more readily than spectral differences. This is in 
opposition to the view in McAllister et al. [4] that an L2 
contrastive category will be difficult to acquire if it is 
based on a phonetic feature not exploited in the L1.  

The role of different cues in the identification of L2 
vowels was tested on two groups of Catalan speakers that 
differed in two important ways: the amount of experience 
with the L2, and the kind of L2 input they were exposed to. 
With respect to experience, recent theories propose that, 
through continuous experience and exposure to the L2, 
categorization of L2 vowels in a more native-like manner 
may be possible [5, 6]. Regarding the role of the L2 input, 
Escudero [7] found that Spanish learners of English varied 
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2.  METHOD 
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 of 30 Catalan native speakers in Barcelona, Spain 
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 55. The subjects in Catalonia were undergraduate 
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ive experience with a variety of English found to 
greater use of spectral cues [8], whereas the BC 
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the BC and the TC group were Catalan-dominant 
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li. A two-dimensional continuum of English 
// was constructed in 11 vowel quality steps and 4 
ral steps, yielding 44 different vowel stimuli. With 
t to the 11 quality steps, vowels 1, 6 and 11 
ponded to the prototypical spectral values for 
h /i/, // and //, respectively, based on Peterson and 
y's [9] values for male voices. Intermediate vowels 
calculated in linear steps. The four durations were 
s, 150ms, 200ms and 250ms. The synthetic 
uum was created following Klatt's [10] parameters 
wels in isolation, and using Computerized Speech 
SL/ASL) software.  

dure. The task was a three-alternative forced-choice 
n which each response alternative consisted of 
h words written in English orthography and 



representing one of the three target English vowels /i/, //, 
and //, namely 'beat', 'bit', and 'bet'. A trial consisted of 
two presentations of each stimulus with an inter-stimulus 
interval of two seconds.  

3. RESULTS 

The results are illustrated in Figures 1 to 9, which provide 
the percentages of 'beat', 'bit' and 'bet' responses for each 
vowel stimulus for the EN group (Figures 1-3), the TC 
group (Figures 4-6) and the BC group (Figures 7-9). The 
eleven vowel quality steps from /i/ to // to // are 
represented on the x-axis while the four durations are 
represented by the lines in the graph.  

As shown in Figures 1-3, the EN group displayed clear 
crossovers from /i/ to // and from // to //, indicating a 
consistent pattern of vowel categorization based on the 
quality of the vowel and negligible differences due to 
duration. However, the pattern found with the L2 groups is 
different. Although the identification scores for // closely 
resemble those of native speakers (Figures 3, 6 and 9), L2 
learners' results display a noticeable effect of vowel 
duration for /i/ and //, whose percentages of correct 
identifications vary considerably across temporal 
differences. Thus, with equal spectral characteristics, the 
longer the vowel, the more likely it is to be identified as 
'beat'. Similarly, the shorter the vowel, the more likely it is 
to be identified as the vowel in 'bit'.  

An ANOVA was conducted on the percentage of correct 
identifications of the prototypical spectral values, that is, 
the percentage of 'beat' responses for /i/ (Vowel 1), of 'bit' 
responses for // (Vowel 6) and of 'bet' responses for // 
(Vowel 11), with Language Group as the between groups 
factor (EN group, TC group and BC group), and Length 
(four durations) and Vowel (/i/-//-//) as the within groups 
factors. Language Group was significant (F(2,67) = 14.52, 
p < .001). A Tukey HSD post-hoc test showed that the two 
Catalan groups did not differ significantly, but the EN 
group differed significantly from both Catalan groups (p 
< .001). Language Group interacted with Vowel and 
Length: neither Vowel nor Length appeared to have an 
effect for the EN group, whereas they did for the TC and 
BC group (Language x Vowel: F(2,134) = 5.01, p < .001; 
Language x Length: F(6,201) = 3.1, p < .01). 

The post hoc analyses also confirmed that the two Catalan 
groups differed from the English group in the correct 
identification scores for vowel /i/ and // (p < .001) but not 
for //. Thus, Catalan learners patterned like English 
listeners in their reliance on spectral cues in the 
identification of //. Length was significant for the two 
non-native groups with respect to vowels /i/ and //: 250 
ms Vowel 1 (prototypical vowel /i/) was identified as the 
vowel in 'beat' 88%/99% of the time (for TC and BC 
groups, respectively) and as the vowel in 'bit' only 
11%/1% of the time. On the other hand, 100 ms-/i/ yielded 
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e 1: % ‘beat’ responses for native English speakers. 
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re 2: % ‘bit’ responses for native English speakers. 
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e 3: % ‘bet’ responses for native English speakers.



0
10
20
30
40
50
60
70
80
90

100

V1 V2 V3 V4 V5 V6 V7 V8 V9
V10

V11

100 ms 150 ms 200 ms 250 ms

 

Figure 4. % ‘beat’ responses for Catalans in Toronto. 
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Figure 5. % ‘bit’ responses for Catalans in Toronto. 
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Figure 6.  % ‘bet’ responses for Catalans in Toronto. 
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re 7. % ‘beat’ responses for Catalans in Barcelona. 
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re 8.  % ‘bit’ responses for Catalans in Barcelona. 
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re 9.  % ‘bet’ responses for Catalans in Barcelona. 



As for vowel // and the number of 'bit' responses, it is 
noteworthy that length had an effect for native English 
speakers, as shown by the result that identification 
dropped to 74% in the case of 250 ms-long //. This means 
that very long // tokens sound less natural to native 
speakers than average or shorter // tokens. However, even 
in this case the Catalan speakers pattern quite differently 
from native English speakers as shown by the fact that 
Catalans' identification rates are much lower and the effect 
of length is greater, with only 49% and 52% 'bit' responses 
for 250 ms-long // for the TC and BC groups respectively 
as opposed to 82%/90% with 100 ms //. The results show 
that Catalan subjects do in fact make use of spectral cues, 
as illustrated by the decrease in 'beat' responses and the 
increase in 'bit' responses as we progress from Vowel 1 to 
Vowel 6, but they still differ from native English speakers 
in their strong reliance on vowel duration. 

4. DISCUSSION AND CONCLUSIONS 

The results from the experiment support the idea that 
durational differences can be salient for L2 learners even 
if not part of the L1 [3]. This outcome is inconsistent with 
approaches that predict the unavailability of a non-L1 
feature to adult learners [4]. This effect of duration is 
independent of characteristics of the L2 input given that 
both the TC group, whose L2 input is Canadian English, 
and the BC group, with a mixed input and more presence 
of British English, pattern exactly the same way with 
respect to reliance on acoustic cues. Thus, as exemplified 
by the TC group, categorization of the /i/-// contrast in 
terms of a predominantly durational distinction takes 
place even when duration is not the predominant cue in 
the native speech. Note, too, that while the effect of 
pedagogical approaches to the explicit teaching of the 
/i/-// contrast as a duration-based contrast could account 
for the reliance on duration in the case of the Catalan 
learners of English in Barcelona (the BC group), this is 
less plausible as an account of the results for the group of 
Catalan immigrants to Canada. Thus, the L2 learners’ 
predominant reliance on acoustic cues in the case of this 
vowel contrast can be attributed to a greater salience of 
durational differences over spectral differences. 

Finally, one apparently surprising outcome of this study is 
the fact that the group with extensive experience in the 
English speaking country (the TC group) did not 
outperform the group with minimal experience abroad 
(the BC group). An explanation can be found in the BC 
group’s greater metalinguistic knowledge as a result of 
formal instruction in English linguistics which, together 
with motivational factors, may have helped their 
performance in the identification of the English vowels. 
This result illustrates the need for more research on the 
role of experience and exposure in the acquisition of L2 
phonology. 
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