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ABSTRACT

Newborn infants come equipped with a sophisticated auditory
system, allowing them to perceive fine grained phonetic
distinctions. This phonetic detail is not audible through the low-
pass filter of the mother’s womb, whereas prosodic information
is. Thus when born, infants have speech preferences based on
prosody not on phonetic segments. The experiments here
concern the role of prosodic and phonetic information in infants’
preference for their native language. English language
environment infants of 6, 7½, and 9 months were tested for their
preference of two lists, one of Thai and one of English words.
The availability of lexical tone and stress information were
manipulated by using 1- and 2-syllable words, and of prosodic
and phonetic information by low-pass filtering. The results show
that infants cannot use the tonal information on 1-syllable words
to recognise their native language, and that stress and phonetic
information work in tandem for native language recognition.

1.  INTRODUCTION
It has long been known that newborn infants can discriminate
between just about any two phones that experimenters like to
test them on [1,2]. However, while it is the case that infants
perceive quite fined-grained information in the speech signal,
what is more important for understanding the bootstrapping of
human speech, is to identify those aspects of the speech signal to
which infants preferentially direct their attention.

Newborn infants prefer their mother’s voice to that of
somebody else’s mother [3], prefer familiar passages (read aloud
by the mother before birth) over unfamiliar passages [4], and
prefer their native language to other languages [5]. These
preferences appear to be based upon prosodic information
because only low-frequency information reaches the foetus [6],
whose auditory system is well-developed by the third trimester
[7].  Moreover, these preferences occur even when the stimuli
are low-pass filtered [8], but not when prosodic information is
disrupted [5].  In addition, newborn infants attend to syllabic
(eg, pat) in preference to non-syllabic (eg, pst) utterances [9]; to
the number of syllables in an utterance but not the number of
phonemes [10]; and discriminate bisyllables containing a word
boundary from segmentally-equivalent bisyllables which contain
no such boundary [11].

Thus infants perceive and prefer certain aspects of speech
prosody from birth as a function of their linguistic experience. In
contrast, newborns’ precocious ability to perceive consonants
and vowels is not affected by linguistic experience (phonetic
information does not reach the foetus), but is rather based upon
the nature of the human auditory system. Thus newborn infants’

segmental speech perception abilities are initially unconstrained
by the language environment, whereas their prosodic speech
perception abilities have already begun to be influenced by their
language environment by birth.

After birth, the infant’s initial speech perception abilities
are affected first with respect to prosody, then vowels, and
finally consonants.  At 6 months English language environment
infants prefer the predominant stress patterns of words in their
native language [12].  Further, they prefer their native language
over one with quite different stress and prosody, Norwegian,
even when the languages are low-pass filtered [13].  They do not
however, at this age, prefer their native language, English, when
the comparison language is of a similar rhythm structure, Dutch
[13].  By 9 months they do prefer English over Dutch, but only
when the two remain unfiltered, i.e., only when phonetic
information is available.  Thus between 6 and 9 months infants’
auditory attention, as measured by the visual fixation auditory
preference method, appears to have shifted appreciably from
prosody to segments.  Using a different, perhaps more sensitive,
reaction-time measure Bosch and Sebastian [14] found that both
Catalan and Spanish 4-month-olds react more quickly to their
native language, even when the speech stimuli are low-pass
filtered.  As Catalan has vowel reduction and Spanish does not,
this suggests that even at 4 months infants are sensitive to the
prosodic differences in languages with similar rhythm
structures.

With regard to vowels, it seems that perceptual re-
organisation - attenuation of the perception of non-native vowels
- may begin between 4 and 6 months [15], and that prototypes of
native vowels appear to be in place by 6 months [16].  Finally,
numerous studies by Werker and her colleagues [17] show that
between about 7 and 11 months there is extensive re-
organisation of infants’ speech perception resulting in a decline
in the ability to perceive various non-native consonant contrasts.

This study is concerned with a period when infant speech
perception appears to be changing quite rapidly – between 6 and
9 months. Of concern here are the suprasegmental cues that
infants might use to recognise their native language, and how
this might change between 6, 7½, and 9 months.  We tested
English language environment infants for their preference for
English over Thai.  Thai is tonal, whereas English is not;
English has predominantly a Strong-Weak stress pattern in 2-
syllable words, and Thai a predominantly Weak-Strong pattern;
and Thai and English differ in some of their phonetic segments.
Thus, by the inclusion of 1- and 2-syllable word conditions in
separate experiments with normal and low pass filtered speech
we were able to investigate the role of tonal variation on single
syllables, stress differences in 2-syllable words, and phonetic
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differences on infants’ preference for their native language.  The
experimental conditions and the cues available to infants are set
out in Table 1.

Speech Condition English Words Thai Words
Experiment 1: Normal Speech
2-Syllable No tonal variation

Strong-weak stress
English phonemes

Tonal variation
Weak-strong stress
Thai phonemes

1-Syllable No tonal variation
English phonemes

Tonal variation
Thai phonemes

Experiment 2: Filtered Speech
2-Syllable No tonal variation

Strong-weak stress
Tonal variation
Weak-strong stress

1-Syllable No tonal variation Tonal variation
Table 1: Differences between English and Thai in the

experimental conditions.

If infants can attend to pitch information in single syllables
then they should prefer English to Thai in the 1-syllable words
in both normal and low-pass filtered speech. If, however, their
native language attention is based only upon stress information,
then preferences should only be evident with 2-syllable words.
Additionally, if phonetic information is necessary, preferences
should be evident for normal but not low-pass filtered speech.

2. GENERAL METHOD
Two experiments were conducted with English language infants.
Experiment 1 was conducted with normal speech and
Experiment 2 with low-pass filtered speech. In both,
English/Thai speech preferences were measured.

2.1. Experiment 1: Normal Speech – Method
In this experiment infants were presented with lists of English
and Thai 1- and 2-syllable words, with the words presented
normally, so that full phonetic detail was available (see Table
1). Three age groups of infants were tested, 6, 7½ and 9 months,
with 20 infants in each group (N=60).  At each of the three ages,
infants were tested in a one-syllable word list and a two-syllable
word list condition, with order of presentation counterbalanced
between subjects.

2.1.1. Stimulus Materials.  The speech stimuli consisted of
lists of one- and two-syllable words recorded in English [e.g.
0307_01.WAV, 0307_02.WAV] and Thai [e.g. 0307_03.WAV,
0307_04.WAV].  In each of the lists, half of the words contained
phonetic segments that were not phonemic in the other
language, and/or sequences of segments that violated the
phonotactic constraints of the other language.1  In each of the
two-syllable English word lists, 90% of words were of the
predominant English strong-weak stress pattern, with the other
10% having a weak-strong or strong-strong pattern [18].
Similarly, the Thai two-syllable word lists contained 90% of
words from the predominant weak-strong stress pattern of Thai,
with 10% comprising the strong-weak and strong-strong patterns
[19].  In both the one- and two-syllable Thai lists, the proportion
of words carrying each of the five tones followed Gandour and
Gandour’s [20] analysis of the incidence of tones in Thai such

that 40% mid tone, 20% low tone, 10%  high tone, 20% falling
tone, and 10% rising tone were included.

The speaker was a bilingual Thai female.  Six word lists
were recorded for each language x syllable condition.  In each
list there were 20 low-frequency abstract words separated by
300 to 500 msec.  To offset order effects the 6 word lists were
recorded in three different orders onto three different audio-
tapes. Infants were randomly assigned to tape order conditions.

2.1.2.  Procedure.  Infants were seated on their parent’s lap in
front of, and facing two video monitors.  One of the two
languages was paired with a visual target on the monitor to the
infant’s left, and the other language with an identical visual
target on the monitor to the infant’s right.  If infants fixated the
left visual target they heard one language, and if they fixated the
right visual target they heard the other language.  Infants were
initially familiarised in two 25-sec trials with each of the word-
lists (English and Thai), one on the left and one on the right.
Then in the test phase infants were given six 25-sec trials in
which presentation of English or Thai word lists was contingent
on whether they fixated the left or right monitor.  Side of
presentation was counterbalanced so that for half the infants, the
left-side monitor was paired with the English word lists, and the
right side with Thai, whereas for the other half the pairings were
reversed.  Similarly half the infants heard English word lists
first in familiarisation, and the other half heard Thai first.
During familiarisation and testing the infants’ head and eye
movements were recorded by video camera. An observer viewed
the infant’s image on a video monitor in an adjacent room, and
used a left-right toggle switch to time the infant’s looking
duration to each side. This toggle also turned on the left or right
speech stimuli coincident with the infant’s fixations.  At the
completion of the first condition (one- or two-syllable), infants
were given a short break before completing the second
condition.

2.2.  Experiment 2: Filtered Speech - Method
Sixty additional infants were tested in the filtered speech
experiment, and as in the normal speech experiment, 20 were
tested at each of the ages, 6, 71/2, and 9 months.  The procedure
was the same as in Experiment 1. The stimuli were the same
materials as those used in Experiment 1, except that both the
English [e.g. 0307_05.WAV, 0307_06.WAV] and the Thai [e.g.
0307_07.WAV, 0307_08.WAV] speech were low-pass filtered
at 400 Hz with Kay Computerised Speech Laboratory using a
Hamming filter, and filter order of .8.  This frequency level is
sufficient to eliminate phonetic and phonotactic information
from the speech samples, while sparing prosodic features such
as pitch, rhythm and stress.

3. RESULTS
 Each of the two experiments had the same design: infants at
three ages (6, 71/2, and 9 months) were tested in two conditions
(1- and 2-syllable words), and were given a choice of listening
to English or Thai word lists.  Each experiment was analysed in
a 3 ages x (2 syllable conditions x 2 language) analysis of
variance (ANOVA), with repeated measures on the second two
factors. The dependent variable was amount of time spent
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looking at a display (which corresponds to the amount of time
each language, English or Thai, was heard).

3.1. Experiment 1: Normal Speech – Results
The mean fixation times for English and Thai word lists in the
1- and 2-syllable conditions are shown in the three left panels of
Figure 1, one for each of the three ages, 6, 7½ , and 9 months.
There was an overall linear trend for age, F(1,57) = 4.62, p<.05.
and no significant quadratic trend, F(1,57) = .42, which simply
shows that infants look less at the displays as they get older.  Of
greater interest are the effects of syllable and looking times for
English and Thai.  There was no main effect for either 1- vs 2-
syllables, F(1,57) = .93, or for English vs Thai, F(1,57) = .01,
however, their interaction was significant, F(1,57) = 7.71,
p<.01. As can be seen in the left panel of Figure 2, this is due to
infants preferring English in the 2-syllable condition and Thai in
the 1-syllable condition. Thus it seems that in order for 6-, 7½- ,
and 9-month-old infants to show a preference for their own
language, they must have the characteristic stress patterns
present in 2-syllable words of that language. Although there was
no significant interaction of age with syllable and language,
close inspection of the three left panels of Figure 1 suggests that

Figure 1: Infants’ mean fixation times for English & Thai speech
in 1- & 2-syllable words for normal speech (left panels), and

low-pass filtered speech (right panels) at 6, 7½ & 9 months
the syllable x language interaction is present for the 6- and 7½-
month-olds, but not for the 9-month-olds.  To test this, separate
ANOVAs were conducted at each age.  These revealed a close to
significant English/Thai x 1-/2-syllable effect at 6 months,
F(1,19) = 3.44 .05<p<.1, a significant effect at 7½ months,
F(1,19) = 5.20, p<.05, and no significant effect at 9 months,
F(1,19) = 1.04.  Certainly it seems that at 7½ months, and
possibly at 6 months, infants prefer their own language when it
is presented with stress in 2-syllable words, but that at 9 months
there is no preference for either English or Thai. Presentation of
1-syllable words results in no preference at any of the ages,
which supports the suggestion that infants of this age require
stress information in order to recognise their own language.

Figure 2: Syllable x Language results across ages for normal
speech (left panel), and filtered speech (right panel).

Experiment 2: Filtered Speech – Results
If the pattern of preferences shown in Experiment 1 are due to
the prosodic characteristics of stress in English, then the same
results should be obtained in Experiment 2 where speech was
low-pass filtered, thus removing phonetic information, while
leaving prosody intact.

The results are shown in the three right panels of Figure 1.
The 3 x (2 x 2) ANOVA revealed no significant main or
interaction effects on any factor. The only F-value above 1 was
that for English vs Thai, F(1,57) = 2.99, p<.1. While this is not
significant, inspection of the right panels of Figure 1 reveals that
in all cases infants preferred Thai to English. This is further
represented in the right panel of Figure 2. It appears that when
speech is low-pass filtered, English language environment
infants of all three ages have a slight preference for Thai.  One
possible reason for this is the tonal nature of the Thai language.
All other things being equal, Thai could be more “interesting” or
“musical” than the non-tonal English and this may interfere with
native language preferences.

4. GENERAL DISCUSSION
The results of Experiment 1 with normal speech show that
infants only prefer their own language when it is presented in 2-
syllable words.  As there is no corresponding preference for 1-
syllable words, this suggests that infants recognise their native
language on the basis of stress patterns. However, when the
phonetic information is removed in Experiment 2 this preference
disappears. There are two implications of these combined
results.
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Firstly, the results suggest that 6- to 9-month-old infants
cannot use the pitch information on 1-syllable words to
recognise their native language. The tone carried on Thai words
is quite distinctive, but despite this infants cannot use this
information either in the presence of phonetic information
(Experiment 1), or in its absence (Experiment 2).

Secondly, the results imply that infants (even at 6 months
to some extent) can use the stress information in 2-syllable
words to recognise their native language and distinguish it from
another.  However, they can only do this when stress is
supported by the platform of the phonetic segments of their
native language (Experiment 1), and not when stress
information is presented without segmental information
(Experiment 2).

These results need to be viewed in the context of the small
but strikingly consistent preference for Thai by these young
infants. As Burnham and Dodd [21] point out, there are a
number of determinants of infants’ preferences for familiarity
and novelty. Here, in these two experiments, it seems that two
competing factors may be at work: Thai is attractive to infants
presumably because of its tonality; and English is also attractive
to infants due to its familiarity. When the native language factor
has strong support, both from stress patterns and the phonetic
structure, viz. 2-syllable normal speech word lists, the
familiarity of the native language wins out. When one of these
factors, the phonetic information, is removed the preference for
the distinctive tonal qualities of Thai rules. While the Thai
preferences were not significant in any case, this explanation
does receive support from the age analyses in Experiment 1.
There are native language preferences in the younger, 6- and
7½-month-old infants, but not the older 9-month-olds. It is
highly unlikely that 9-month-olds have suddenly forgotten what
their native language sounds like. Rather, it seems they have
shifted their attention to all that is novel in their language
environment. In this regard it would be of great interest to
observe the response of older, 10½ month, infants to these
stimuli. We are currently investigating this.

5. CONCLUSIONS
Young infants use linguistic information conveyed through pitch
to recognise their own language.  This reliance on pitch occurs
for the stress patterns in 2-syllable words, but does not extend to
the case when only tonal information is available, as in 1-
syllable words. Nevertheless, when the comparison language is
highly interesting, as in the case of Thai here, extra support
from the phonetic structure of the child’s native language is
necessary.  We believe that this shows that infants can adjust
their linguistic attention to the prevailing circumstances.  While
it has been shown that at 6 months infants distinguish the
prosodically-distinct English and Norwegian, they do not
distinguish English and Dutch, when all they have to rely upon
is phonetic information [13].  Nevertheless the results obtained
here show that young infants around 6 to 7½ months can use
phonetic information albeit only in conjunction with prosody.
This reveals the tractable nature of infants’ attention to
linguistic input and presumably is the basis of their rapid and
efficient language acquisition.

NOTES
1. For example, the phone [v] occurs in English but is not found in Thai
words, while the phone [b] (a prevoiced version of English /b/) occurs in
Thai but not English.  English allows the phone [s] to occur in word-final
position, whereas Thai does not.  Similarly, Thai allows the phone [1] to
begin words and syllables, whereas English does not.
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