
Bilingual input and vowel categorization processes: infant and 

young children data 

Laura Bosch
1
, Marta Ramon-Casas

1
, Daniel Swingley

2
 & Núria Sebastián-Gallés

1

1
Department of Basic Psychology 

University of Barcelona, Spain 
2
University of Pennsylvania (USA) 

laurabosch@ub.edu

Abstract

Previous research with pre-linguistic infants has revealed 

differences in the time course of the perceptual 

reorganization and categorization processes between 

infants growing up in monolingual and bilingual 

environments. For bilinguals, discrimination of target 

vowel contrasts, which reflect different amount of 

overlapping and acoustic distance between the two 

languages of exposure, suggested a U-shaped 

developmental pattern. A similar trend was observed in 

infants’ ability to discriminate a voicing fricative 

contrast, present in only one of the languages in their 

environment. This temporary decline in sensitivity found 

at 8 months for vowel targets and at 12 months for the 

voicing contrast suggests the specific perceptual 

processes that bilingual infants develop in order to deal 

with their complex linguistic input. Once in the lexical 

stage, these perceptual abilities, previously shown in 

tasks involving meaningless syllables, can be applied in 

testing situations where the early lexicon is involved. 

Well-specified lexical representations have been 

described in monolingual studies, but data are scarce on 

infants that are simultaneously acquiring two languages. 

Research in our laboratory has addressed this issue. 

Young children’s sensitivity to different vowel contrasts 

in their first lexicon has been analyzed, comparing 

monolingual and bilingual populations. Children were 

tested using a visual fixation task: they were presented 

with sentences that contained nouns for known objects 

that could be correctly pronounced or mispronounced, 

while they were shown two pictures simultaneously, but 

only one was the referent of the utterance. Results from a 

first series of experiments show interesting differences in 

fixation time between monolinguals and bilinguals for 

mispronunciations involving vowel contrasts that belong 

to one of the languages of exposure, but not for vowels 

common to both phonological systems. The role of age, 

number of words in the expressive vocabulary and 

amount of exposure to each of the languages in the 

environment, will be considered in the discussion.  

1. Introduction

Sensitivity to phonetic differences among consonants and 

vowels changes dramatically across the first year of life. 

Infants’ tuning to the specific sound categories of the language    

of exposure has been documented in a bunch of experiments 

dealing with both vowel and consonantal contrasts and testing 

infants in the age range between 6 and 12 months. A shift 

from language-general to language-specific discrimination has 

been described to occur earlier for vowels than for consonants: 

while a decline in sensitivity for non-native consonantal 

contrasts has been identified around 10-12 months of the age 

[1, 2] [3], developmental changes in the perception of vowels 

is considered to begin around the age of 6 months. There is 

evidence of enhanced generalization around prototypical 

exemplars of native vowel categories, while discrimination is 

not modified for exemplars around non-prototypical vowel 

targets by 6 moths of age, but not earlier [4]. In a different 

study, foreign vowel contrasts could be discriminated by 4 

months of age, but this pattern of discrimination was already 

modified by 6 to 8 months of age and inability to discriminate 

those foreign sounds was clearly observed by the end of the 

first year of life [5]. Recent accounts for these perceptual 

reorganization processes have emphasized the role of infants’ 

sensitivity to frequency and distributional information of 

sounds in the input as an explanation for the developmental 

modification of phonetic categorisation [6] [7]. According to 

this perspective, phonemic contrasts would eventually be 

acquired on the basis of how frequently certain sounds can be 

heard in a given phonetic context.

The statistical learning account looks as an adequate 

starting point to analyse language-specific category formation 

in simultaneous bilingual acquisition. Although research is 

still scarce on bilingual infants, some data are already 

available that have shown specific reorganization processes in 

the perception of vowel and consonants. For infants growing 

up in Spanish-Catalan bilingual environments a developmental 

U-shaped pattern has been described in their capacity to 

discriminate certain vowel and consonant contrasts that are 

exclusive of one of the languages in the input [8] [9]. In a 

monolingual/bilingual comparison, bilinguals show a 4 month 

delay in achieving similar discrimination patterns. The 

developmental time course for categorisation of the /e/-/ /

Catalan contrast shows discrimination at an early and late age 

(4 months and 12 months, respectively), but a negative result 

by 8 months of age, while for monolinguals tested with the 

same contrast, a pattern of maintenance can be observed from 

age 4 months to age 8 months [8]. In a similar way, this U-

shaped pattern was also observed when bilingual infants were 

tested with a voicing fricative contrast (/s/ - /z/) that is 

phonemic only in one of the languages of exposure [9]. This 

time however, infants were slightly older: by 4 months and 16 

months discrimination could be reached, while it was not 
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present by 12 months of age, when a decline is expected for 

non-native contrasts. 

Parallel results were obtained in another research that 

compared the performance of monolingual and English-

French bilingual infants on the placement of boundaries for 

[b], [p], and [ph] stop categories [10]. In a series of 

experiments it was shown that by 6-8 months of age, 

linguistic input had not yet significantly affected infants’ 

placement of the category boundary, so both infants being 

raised in a monolingual and in a bilingual environment 

showed the same pattern of responses. However,   by 10-12 

months of age, a differential pattern was clearly observed. 

While infants from monolingual environments placed the 

category boundary in the appropriate location for their native 

language, infants from bilingual environments did not. Again, 

slightly older infants had to be tested in order to find out when 

these language-specific category boundaries would be 

established. In fact, it was only a subgroup of infants from 14- 

to 24 months of age that could categorize the stimuli as 

monolinguals in each of their two languages, while the 

remaining participants showed a pattern compatible with the 

notion of a dominant language: they were able to categorize 

the stimuli as monolinguals in just one of their two languages 

and this response pattern was not related to age, as it was 

observed across the entire group of older infants [10]. These 

results with stop consonants in English-French bilingual 

infants are compatible with the above mentioned Spanish-

Catalan bilingual data with vowels and consonants where an 

age-related decline in sensitivity was observed. Moreover, the 

English-French data are also informative about differences in 

the way bilingual infants will eventually solve the language-

specific categorization issue, suggesting the existence of 

different patterns of discrimination for the consonant contrasts 

under study (i.e. only some of the infants growing up in a 

bilingual environment showed a phonological representation 

that contained category boundaries from both of their native 

languages).

Taken together, these results reveal a different time course and 

possible differences in the processes that infants from 

monolingual and bilingual environments adopt in reaching 

native-language contrastive sound categories. From this 

perspective, delays should not be considered as 

discontinuities, they may suggest reorganization processes 

instead, as an adapted response to bilingual input complexity. 

Still many questions are to be answered, concerning the 

factors involved in these developmental processes and the 

generalization of the response pattern to other phonetic 

categories beyond the ones already analyzed. Data so far lead 

us to conclude that after a period of specific perceptual 

reorganization processes (which can manifest themselves as a 

temporary decline in sensitivity to distinguish certain 

previously discriminated phonetic contrasts), bilingual infants 

manage to show similar sensitivities to phonetic categories as 

infants from monolingual environments. A relevant question 

to be addressed in this context refers to the use of these 

sensitivities in tasks involving the lexicon. Are bilinguals’ 

early words phonetically detailed according to the phonology 

of their native languages? Do they have access to these 

detailed representations when tested in word recognition 

tasks? Are there developmental differences in the nature of 

lexical representations of bilingual young infants in their 

second year of life? These are general questions that have 

begun to be addressed in the present research.

Some data from bilingual children tested in word-learning 

tasks indicate that they lag behind monolinguals in the age at 

which fine phonetic detail can be used to succeed at learning 

minimally different words [11]. The delayed onset of this 

ability is concluded from the results indicating that it is not till 

20 months of age when bilingual infants reach monolinguals’ 

performance in this task (monolinguals succeeded by 17 

months of age). Results from a rather different study, with 

younger English-Welsh bilingual infants tested in a preference 

procedure for familiar vs. non-familiar words, showed a poor 

ability to recognize the familiar words in the case of the 

bilinguals when compared to monolinguals [12]. The latter 

work offered preliminary data, so it must be cautiously 

considered as indicative of a delay in the onset of word 

recognition processes in bilinguals. Besides infants in that 

study were 11-month-olds, the methodology did not involve 

the presentation of images or objects matching the words 

orally presented and it was not designed to explore the use of 

fine phonetic detail in word recognition. Given the scarcity of 

research in this domain, a series of experiments was designed 

to address this issue.

The main goal of the project was to analyze the impact of 

bilingual exposure on the lexical representations of young 

children simultaneously acquiring Spanish and Catalan, once 

the ability to discriminate between language-specific vowel 

contrasts has been observed. If categorization processes are 

language-specific and they can be selectively applied to the 

lexical items in each of the languages, then a result compatible 

with the one with monolinguals could be observed. That is, 

young bilingual children would show phonetically well-

specified representations of familiar words, as in previous 

work with monolingual toddlers [13] [14]. However, a 

different outcome might also be possible if one considers the 

above mentioned literature on bilinguals, suggesting specific 

processes that may show up as slight delays in the onset of the 

age at which the phonetic/phonemic knowledge is applied. In 

this case, bilinguals would temporarily differ from 

monolinguals in a word recognition task in which fine 

phonetic detail is involved.

2. Methodology

One difference between Spanish and Catalan languages lies in 

the vowel repertoire. More specifically, in the mid-front area 

of the vowel space, Spanish has one /e/ vowel while Catalan 

has a contrastive pair of vowels: /e/ - / /. Previous research has 

shown that prototypical values for the Spanish and Catalan /e/ 

are not identical [15]. The Catalan vowel contrast was selected 

to compare Catalan monolingual and Catalan-Spanish 

bilingual toddlers in their capacity to recognize familiar words 

that were either correctly pronounced or mispronounced by 

changing the target vowel.

2.1. Subjects 

There were 24 participants in each experiment. They were 18- 

to 24- months of age and their linguistic status was 

established through a detailed questionnaire that was given to 
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the parents prior to testing. A measure of the expressive 

vocabulary was also obtained for each child and familiarity 

with the target words was checked before testing.    

2.2. Material

Ten different images corresponding to 10 familiar objects and 

animals were used in the testing procedure. From them, only 4 

corresponded to the target words, which appeared in test trials 

correctly pronounced (OK) or mispronounced (MP). These 

were the following: [g ’l t ] (biscuit), [ ’ ] (honey-bee),

[pe ] (fish), [ et] (milk). Vowel changes in MP words implied 

a /e/ - / / change in either direction. The speech stimuli were 

recorded by a bilingual female speaker in an infant-directed 

register. Words (both targets and fillers) were embedded in 

carrier sentences of the form: Where is the [target]… Can you 

see it? or Look, a [target]!.... Do you like it? An additional 

version of the same materials was created in which vowel 

changes in MP words implied a vowel category common to 

both languages.

2.3. Procedure 

A visual fixation task as in Swingley & Aslin [13] study was 

used. The testing took place in a three-sided booth inside a 

sound-attenuated room. The child was seated on the parent’s 

lap facing two computer screens that displayed the pictures. 

The audio material was delivered through a concealed central 

speaker between the screens and the child’s eye movements 

were monitored using a concealed camera placed in a central 

position, above the speaker. The experiment consisted of 28 

trials, from which 16 were test trials. Coding was conducted 

off-line and over a window extending from 367 to 2000 ms 

after the target onset, as in previous research using this 

procedure [13] [16]. Accuracy measures were obtained, 

defined by children’s proportion of fixation to the target. 

These were the result of dividing the time children fixated the 

target by the sum of time they spent fixating the target and the 

distractor.

3. Results

3.1. Catalan monolingual data 

First experiment was run with Catalan monolingual toddlers to 

confirm that they could recognize the words and that their 

lexical representations were well-specified concerning the 

vowel contrast under study. According to previous research 

with monolingual children, it was expected that their fixation 

time in MP trials would be inferior to the accuracy measure in 

OK trials. In effect, results in this experiment revealed a 

significant difference in children’s mean proportion of fixation 

time to the target in MP vs. OK conditions (p < 0.016). 

Fixation values indicate that target words were recognized and 

that children were sensitive to the vowel mispronunciations 

(see Fig. 1).

3.2. Catalan-Spanish bilingual data 

A second experiment with the same material (Catalan version) 

and identical procedure was run with a group of Catalan-

Spanish bilingual toddlers. Their results indicate similar 

values in fixation time for OK and MP trials (see Fig. 2) and 

the statistical analysis confirmed that the difference observed 

was non-significant (p = 0.61), although children had 

recognized the words, as the mean proportions of fixation 

were significantly greater than 50%.   

Figure 1: Catalan monolingual children’s proportion of 

fixation to the target picture for correctly pronounced 

(OK) and mispronounced targets (MP). 

Figure 2: Catalan-Spanish bilingual children’s proportion 

of fixation to the target picture for correctly pronounced 

(OK) and mispronounced targets (MP). 

4. Discussion

Results from these two first experiments reveal a 

difference in the way children from different linguistic 

environments apply their phonetic sensitivities in a word 

recognition task. Monolingual children have shown the 

expected capacity in that they have detected MP targets when 

a vowel change was involved. Moreover, the monolingual 

results are also indicative that the change need not involve a 

distant vowel but that a mispronunciation can be readily 

detected even when a close vowel in the perceptual space is 

implied.  
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However, for bilinguals the situation is clearly different. In 

spite of their previously attested sensitivity to discriminate this 

vowel contrast, they do not seem to apply it in the word 

recognition task. Additional analyses of the data dividing the 

group according to age do not give evidence of a clear 

difference in behavior between the younger and the older 

children in this group. Nor does the expressive vocabulary 

size: no differences in the tendency observed appear when the 

sample is divided into children with smaller vs. children with 

larger vocabularies. It is worth mentioning here that the 

bilinguals in this group are most of them Catalan-dominant, 

that is, estimates of daily exposure to both languages reveal a 

slightly superior exposure to Catalan than to Spanish, and 

“maternal” language for most of them was Catalan. In other 

words, a simple explanation of the results in terms of Spanish-

language predominance must be ruled out. A better account 

for the pattern of results obtained must take into account the 

distribution of the vowels in the phonologies of both 

languages and the cognate status of the words in the bilingual 

lexicon. Current research is addressing both these issues, with 

new experiments being run with 18- to 24-month-old children 

in an effort to get a better understanding of this phenomenon.

5. Conclusions

Developmental data from bilingual infants reveal a different 

time-course in the building of native-language(s) phonetic 

categories and differences in the use of their phonetic 

sensitivities in early lexical representations, when compared to 

monolingual infants.

A continuity perspective, with gradual reorganization 

processes both at the level of general phonetic categorization 

and at the lexical level, could be adopted as useful framework 

for bilingual’s initial phonology. 

The notion of “delay” may be restricted to phonemic contrasts 

that are specific to just one of the languages, although further 

research is required to analyze older bilinguals’ behaviour 

with one-language contrasts and with non-cognate words. 
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