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Abstract

Three experiments using the Visual Fixation Procedure
were carried out to investigate Dutch-learning 7-month-
olds’ ability to discriminate voices in a familiar versus
unfamiliar language.  In all three experiments, infants were
habitutated to 3 female voices in one language and then
tested on a new female voice in the habituated language
(Voice-Change Trials) and a new female voice in a new
language (Voice-Plus–Language-Change Trials).  In
Experiment 1 (Dutch versus Japanese) and Experiment 2
(Italian versus Japanese), infants dishabituated to Voice-
Plus-Language-Change Trials.  But only Dutch-habituated
infants in Experiment 1 dishabituated to Voice-Change
Trials.  A third experiment using backwards speech ruled
out the possibility that the Dutch speakers were simply
more variable in voice quality than the Italian and Japanese
speakers. These results replicate earlier work demonstrating
that infants can discriminate rhythmically-distinct
languages. In addition, this study provides the first ever
evidence that infants are more sensitive to voice changes in
their native language than in an unfamiliar language.  

1. Introduction

Past studies have demonstrated that very young infants are
capable of recognizing familiar voices [1], suggesting that
voice recognition comes naturally to young language
learners.  Given classic findings suggesting that language-
general voice quality cues such as F0 and F0 range drive
adult voice recognition [2], these results are not surprising.
We know infants are sensitive to pitch and intonation
contours from a very young age [3].  If information such as
F0 and F0 range are the crucial cues for voice recognition,
then infants should easily master the ability to identify
voices.  Early mastery of voice recognition could play an
important role in language acquisition by helping infants
normalize for voice quality differences across speakers.
This in turn could facilitate infants’ extraction of
linguistic generalizations from speech.  However, other
studies have argued that children do not achieve adult-like
voice recognition proficiency until after their 10th birthday
[4]. And several studies have suggested that extracting
linguistic generalizations from multiple-talker speech i s
sometimes difficult for infants [5, 6].
          In truth, we currently know very little about infant
voice recognition.  The fact that young infants can
recognize highly familiar voices (i.e. their mothers’ voices)
tells us nothing about how infants deal with less familiar
voices.  And we do not know much at all about how voice
recognition develops during the first few years of life
(assuming it develops at all).  Our understanding of
infants’ sensitivity to voice identity is further complicated

by recent findings in the adult speech literature.  Perceptual
studies using reversed speech [7] and sine wave speech [8]
have indicated that voice quality differences are neither
necessary nor sufficient to explain adults’ voice
recognition capabilities.  Other work has suggested that
identifying a speaker in a voice line-up is easier in a
familiar language than in an unfamiliar language [9].  If
language-general voice quality cues are not sufficient to
explain voice recognition, then what other cues could
listeners be using?  One possibility is that language-
specific (i.e. phonetic) as well as language-general (i.e.
voice quality) cues are useful in voice recognition.
Perhaps early in development, infants rely heavily on the
latter type of cue.  Then again, human language contains no
universally clear dichotomy between language-general and
language-specific cues to voice identity.   Many cues that
are non-linguistic in one language are linguistically-
relevant in another language (e.g. creaky voice).  In
addition, languages differ in how much variation they
allow along so-called non-linguistic parameters (e.g.
Canotonese has a wider average F0 range than English,
which in turn has a wider average F0 range than Dutch, [10,
11]).  In short, it seems that language-specific knowledge
may play an important role in human voice recognition.  
          If language-specific knowledge affects adult voice
recognition, then we have a great deal to learn from the
study of infant voice recognition.  How robust are infants’
early voice recognition skills? Does language familiarity
impact early voice discrimination?  If so, when would this
effect emerge?  Language-specific listening is present in
very young infants [12, 13].  If language experience shapes
how infants hear cues to voice identity, then does this
mean that pre-verbal infants are better at recognizing
speakers of their native language than speakers of a non-
native language? In the following study, we begin t o
address these questions by testing Dutch-learning 7-
month-olds in a voice discrimination task.  

2. Experiment 1

In Experiment 1, we will use the Visual Fixation Paradigm
(VFP) to address two issues.  First, how robust are infants’
voice discrimination skills? And second, do infants’
discriminate voices in the native language more readily
than they discriminate voices in a non-native language? In
order to ensure that our discrimination procedure is well-
designed, we will also test infants’ ability to discriminate
Japanese and Dutch.  We chose this language pair because
past studies have shown that infants easily discriminate
their native language from rhythmically-distinct
languages [6, 12].  
          In Experiment 1, infants will be habituated to three
voices speaking the same language (Dutch or Japanese).
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Following habituation, infants will be immediately
presented with two types of test trials: Voice-Change
Trials (new voice speaking same language heard during
habituation, i.e., Dutch if habituated to Dutch) and
Language-Plus-Voice-Change Trials (new voice speaking
new language, i.e., Japanese if habituated to Dutch). There
are at least 3 likely outcomes to this experiment.  First,
both Dutch- and Japanese-habituated infants may
dishabituate to Language-Plus-Voice-Change Trials, but
not Voice-Change Trials.  This would suggest that infants’
voice discrimination skills are not robust enough to
detect the voice changes presented in this experiment.  A
second possibility is that both Dutch- and Japanese-
habituated infants may dishabituate to Language-Plus-
Voice-Change Trials as well as Voice-Change Trials.  This
would suggest that infants are highly skilled at voice
discrimination in general, but there is no advantage for
discriminating voices in the native language versus an
unfamiliar language.  Note that this result would not
preclude the possibility that slightly older infants would
show an affect of language familiarity on voice
discrimination.  A third and final possibility is that both
Dutch- and Japanese-habituated infants may dishabituate
to Language-Plus-Voice-Change Trials, whereas only
Dutch-habituated infants dishabituate to Voice-Change
Trials.  This would suggest that 7-month-olds are highly
skilled at voice discrimination in the native, but not non-
native, language.

2.1. Method

• Participants: Thirty-two monolingual Dutch-learning
7-month-olds were tested.  The data from 6 additional
infants were excluded from the study due to fussiness
(5) and equipment failure (1).

• Design: Infants were randomly assigned to one of 4
conditions.  Dutch was the habituation language in 2
of these conditions, and Japanese was the habituation
language in the other 2.  Half of the infants were
tested on Voice-Change Trials first, the other half
were tested on the Language-Plus-Voice-Change
Trials first.  The specific voice used in the test trials
was counter-balanced over participants.  

• Stimuli: The language stimuli used in this study
consisted of 8 sets of 34 unrelated sentences.  Each
set was read by a different female (4 Dutch speakers, 4
Japanese speakers). Care was taken to choose speakers
with similar voices.  All sentences were read in an
adult-directed manner. Thirty sentences from each set
were used as habituation material, the remaining 4
sentences were used as test material. These same
stimuli have been used in several studies [6, 12]).

• Procedure: The VFP allows researchers to assess
infants’ discrimination capabilities because infants’
looking behavior is influenced by auditory
stimulation.  When infants’ are bored with an
auditory stimulus, their looking time to an
accompanying visual stimulus decreases.  When
infants’ are interested in an auditory stimulus, their
looking times to that same visual stimulus increases.
To test discrimination using the VFP, infants are
exposed to an auditory stimulus accompanied by a
visual stimulus until their looking times decrease to
a preset criterion.  Then a new auditory stimulus i s
presented along with the old visual stimulus.  If

infants’ looking times increase with the presentation
of the new auditory stimulus, then researchers can
infer that infants can discriminate between the old
and new auditory stimulus.

In Experiment 1, infants sat on a caregiver’s lap and
faced a 52” TV monitor.  A multi-colored flickering
checkerboard was shown on the TV during all trials.
This checkerboard was accompanied by either Dutch
or Japanese language samples.  An experimenter
watched the infants’ fixation behavior on a TV
monitor and relayed the infants’ looking behavior to
a computer via a computer keyboard.  At the end of
every trial, a silent blinking light served to center the
infant.  Once the infant was focused on this light, the
experimenter would initiate the next trial by push a
button on the keyboard. Stimulus presentation was
controlled using Habit 2000, version 2.2.4
(developed by Les Cohen at the Children’s Research
Lab, U Texas).  Experimenters and caregivers wore
tight-fitting headphones and listened to loud music.  

The experiment included two phases: habituation and
test.  During the habituation phase, three voices
speaking the same language were played in a cyclic
manner.  Each trial consisted of a single voice
repeating 2 sentences for a fixed trial duration of 16
seconds.  The test phase began once infants’ looking
times had decreased to 65% of their initial duration
(calculated over a sliding window of 3 trials), or
infants had completed 15 habituation trials.  The 4
test trials (2 Voice-Change Trials and 2 Language-
Plus-Voice-Change Trials) were identical in structure
to the habituation trials.  Thus, the experimenter was
not aware when the test phase began.

2.2. Results and Discussion

On average, Dutch-habituated infants completed 10.9
habituation trials and Japanese-habituated infants
completed 11.6 habituation trials.   
          We will first examine infants’ ability to discriminate
Dutch and Japanese (see Fig. 1).  Twenty-two out of the 32
infants had longer overall mean looking times to the
Language-Plus-Voice-Change Trials (M=7.9; SD=3.1) than
the Last-2-Habituation Trials (M=6.1; SD=1.9).  A 2X2
mixed design ANOVA, with Habituation Group (Dutch vs.
Japanese) as a between subjects factor and Trial Type (Last-
2-Habituation Trials vs. Language-Plus-Voice-Change
Trials) as a within subjects factor, revealed a significant
main effect of Trial Type, F(1,30)=8.9, p<.01.  There was no
significant main effect of Habituation Group, or interaction
between Habituation Group and Trial Type.  These results
demonstrate that Dutch-learners can discriminate Dutch
and Japanese.
          Next, we examine infants’ ability to discriminate
voices in the native versus non-native language (see Fig.
1).  Twelve out of the 16 Dutch-habituated infants had
longer overall mean looking times to the Voice-Change
Trials (M=8.3; SD=2.7) than the Last-2-Habituation Trials
(5.9, SD=1.6). In contrast, only 8 out of the 16 Japanese-
habituated infants had longer mean looking times to the
Voice-Change Trials (M=6.5; SD=3.4) than the Last-2-
Habituation Trials (M=6.4; SD=2.2).  A 2X2 mixed design
ANOVA, with Habituation Group (Dutch vs. Japanese) as a
between subjects factor and Trial Type (Last-2-Habituation
Trials vs. Voice-Change Trials) as a within subjects factor,
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revealed a significant main effect of Trial Type, F(1,
30)=4.7, p<.05.  There was a marginally significant
interaction between Habituation Group and Trial Type,
F(1,30)=4.0, p=.05, but no main effect of Habituation
Group, F(1,30)=1.1, p > .05.  A paired t-test revealed that
infants in the Dutch-habituated condition had
significantly longer looking times during the Voice-
Change Trials than during the Last-2-Habituation Trials,
t(15)=3.2, p < .01.  In contrast, Japanese-habituated infants
had equally long looking times during the Voice-Change
Trials and the Last-2-Habituation Trials, t(15)=.1, p > .05.
These results suggest that Dutch learners are more
sensitive to voice changes in Dutch than Japanese.
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Figure 1: Mean looking time differences between the Last-
2-Habituation Trials and the test trials (Language-Plus-
Voice-Change and Voice-Change) in Experiment 1.

3. Experiment 2

Infants in Experiment 1 dishabituated to Language-Plus-
Voice-Change Trials regardless of habituation condition.
In contrast, only Dutch-habituated infants dishabituated to
Voice-Change Trials.  This finding suggests that 7-month-
olds are more sensitive to voice changes in their native
language than in an unfamiliar language.  In Experiment 2,
we will further test this hypothesis by investigating Dutch-
learners’ ability to discriminate Italian and Japanese
languages samples. If infants dishabituate to the Language-
Plus-Voice-Change Trials only, then this will support the
hypothesis that infants are better at discriminating voices
in their native language than in a non-native language.  

3.1. Methods

• Participants: Twenty-four monolingual Dutch-
learning 7-month-olds were tested.  The data from 5
additional infants were excluded from the study due
to fussiness (5).

• The Design, Stimulus, and Procedure were all
analogous to those in Experiment 1.

3.2. Results and Discussion

On average, Italian-habituated infants completed 10.8
habituation trials and Japanese-habituated infants
completed 11.1 habituation trials.   
          We will first examine infants’ ability to discriminate
Italian and Japanese (see Fig. 2).  Seventeen out of the 24
infants had longer overall mean looking times to the
Language-Plus-Voice-Change Trials (M=8.3; SD=2.4) than
the Last-2-Habituation Trials (M=7.0; SD=3.3).  A 2X2

mixed design ANOVA, with Habituation Group (Italian vs.
Japanese) as a between subjects factor and Trial Type (Last-
2-Habituation Trials vs. Language-Plus-Voice-Change
Trials) as a within subjects factor, revealed a significant
main effect of Trial Type, F(1,22)=4.8, p < .05.  There was no
significant main effect of Habituation Group, F(1,22)=2.6,
p > .05, or interaction between Habituation Group and Trial
Type, F(1,22)  <  1. These results demonstrate that Dutch-
learners can discriminate Italian and Japanese.
          Next, we examine infants’ ability to discriminate
voices (see Fig. 2).  Thirteen out of the 24 infants had
longer overall mean looking times to the Voice-Change
Trials (M=7.0; SD=3.3) than the Last-2-Habituation Trials
(M=7.0; SD=3.4). A 2X2 mixed design ANOVA, with
Habituation Group (Dutch vs. Japanese) as a between
subjects factor and Trial Type (Last-2-Habituation Trials
vs. Voice-Change Trials) as a within subjects factor,
revealed no significant main effect of Trial type, F(1, 22) <
1.  There was no significant interaction between
Habituation Group and Trial Type, F(1,22)<1, and no main
effect of Habituation Group, F(1,22)=1.9, p > .05.  These
results demonstrate that Dutch-learners are not sensitive to
voice changes in Japanese or Italian.
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Figure 2: Mean looking time differences between the Last-
2-Habituation Trials and the test trials (Language-Plus-
Voice-Change and Voice-Change) in Experiment 2.

4. Experiment 3

Experiments 1 and 2 have replicated earlier work showing
that infants can discriminate pairs of rhythmically-distinct
languages.  In addition, the results of these experiments
suggest that infants are more sensitive to voice changes in
their native language than a non-native language.
Presumably, this is because 7-month-old Dutch-learners are
attuned to those cues that are most important for voice
identification in Dutch.  However, it is also possible that
the infants dishabituated to the Voice-Change trials in
Dutch but not Japanese and Italian because the Dutch
recordings we used in this experiment were not as closely
matched in voice quality as the Japanese and Italian
recordings. Experiment 3 will examine this issue.
Reversing speech retains many voice quality cues that have
traditionally been implicated in voice identification (F0,
breathiness, etc), but destroys most of the phonetic
information in the speech signal [7].  Thus, by repeating
Experiment 1 with reversed speech, we are able to test the
possibility that the infants in Experiment 1 discriminated
the Dutch voices more readily than the Japanese voices
because the Dutch voices were more distinct than the
Japanese voices.  If this is the case, then the Dutch-
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habituated infants in Experiment 3 should dishabituate to
Voice-Change trials just as the infants in Experiment 1 did.  

4.1. Methods

• Participants:  Thirty-two monolingual Dutch-learning
7-month-olds were tested.  The data from 9 additional
infants were excluded from the study due to fussiness
(7) and parental interference (2).

• The Design, Stimulus, and Procedure were all
analogous to those in Experiments 1 and 2.

4.2. Results and Discussion

On average, Reversed-Dutch-habituated infants completed
10.4 habituation trials and Reversed-Japanese-habituated
infants completed 11.6 habituation trials.   
          We first examined infants’ ability to discriminate
Reversed Dutch and Reversed Japanese (see Fig. 3).
Nineteen out of the 32 infants tested had longer overall
mean looking times to the Language-Plus-Voice-Change
Trials (M=7.5; SD=2.8) than the Last-2-Habituation Trials
(M=7.0; SD=2.7).  A 2X2 mixed design ANOVA, with
Habituation Group (Dutch vs. Japanese) as a between
subjects factor and Trial Type (Last-2-Habituation Trials
vs. Language-Plus-Voice-Change Trials) as a within
subjects factor, revealed no significant main effects or
interaction, F(1,30) < 1 for all comparisons.  These results
replicate earlier work showing that infants cannot
discriminate reversed Dutch and Japanese [6].
          Next, we examined infants’ ability to discriminate
voices in reversed speech (see Fig. 3).  Seventeen out of the
32 infants had longer overall mean looking times to the
Voice-Change Trials (M=7.5; SD=3.6) than the Last-2-
Habituation Trials. A 2X2 mixed design ANOVA, with
Habituation Group (Dutch vs. Japanese) as a between
subjects factor and Trial Type (Last-2-Habituation Trials
vs. Voice-Change Trials) as a within subjects factor,
revealed no significant main effects or interaction.  These
results suggest that the Dutch voices were not more
variable in terms of voice quality than the Japanese voices.
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Figure 3: Mean looking time differences between the Last-
2-Habituation Trials and the test trials (Language-Plus-
Voice-Change and Voice-Change) in Experiment 3.

5. General Discussion

This study was designed to address two main questions.
First, how robust are infants’ voice discrimination skills?
And second, do infants’ discriminate voices in the native
language more readily than they discriminate voices in a
non-native language? A secondary question addressed in

this study was whether Dutch-learning 7-month-olds can
discriminate rhythmically-distinct languages. Experiments
1 and 2 revealed that 7-month-olds are highly skilled at
voice discrimination in the native language, but not in a
non-native language. A control experiment using reversed
speech added further support to this conclusion. As
expected, we also replicated findings showing that infants
can discriminate rhythmically-distinct languages.
          There is mounting evidence that voice identification
involves sensitivity to linguistic (i.e. phonetic) as well as
non-linguistic (i.e. voice quality) information.  Our results
add to this body of literature by demonstrating language-
specific shaping of early voice discrimination. One
interpretation of this finding is that the processing of
phonetic information and voice quality information i s
inter-dependent.  Understanding the nature of this inter-
dependence will be an exciting topic of future research.
This phenomenon could have important theoretical
implications for models of speech perception, as well as
more practical implications for the study of voice
identification and automatic speech recognition.
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