
CONTEXTUAL VARIABILITY AND INFANTS’ 
PERCEPTION OF TONAL CATEGORIES 

SHI Rushen 

Abstract: This paper reviews some of the 
major findings in infants’ perception of 
phonetic categories, including consonants, 
vowels and lexical tones. We discuss empirical 
evidence suggesting a development from 
language general to language specific 
perception of phonetic categories. We focus on 
the problem of variability, especially the type 
of variability resulting from phonetic contexts. 
We then present results demonstrating that the 
ability to filter out contextual variability is a 
gradual learning process, unlike certain other 
perceptual abilities that are available at the 
initial state. The findings of this study will be 
discussed in the context of the mechanisms of 
early language development. 
Keywords: lexical tones, phonetic categories, 
contextual variability, infant speech perception. 

1 BACKGROUND 

Research in the past four decades has revealed 
remarkable speech perception abilities in 
preverbal infants. At birth infants’ perceptual 
sensitivity appears to be language general. 
During the second half of the first year of life 
infants gradually focus on the sound structure 
of the ambient language. This was manifested 
in experiments in which infants shortly after 
birth showed acute perception of both native 
and non-native phonetic contrasts but gradually 
declined in their discrimination of non-native 
contrasts. In the first demonstration of this 
development (Werker, Gilbert, Humphrey, & 
Tees, 1981; Werker & Tees, 1984) 6- and 8-
month-old English- and Hindi-learning infants 
as well as Hindi-speaking adults discriminated 
the Hindi dental and retroflex stops, but by 10 
to 12 months of age, only Hindi infants 

continued to discriminate the sounds whereas 
English-learning infants were no longer able to 
discriminate this non-native contrast. The same 
pattern of development was shown for vowel 
perception. The decline in discriminating non-
native vowel contrasts begins to emerge around 
six months of age (Polka & Werker, 1994), 
earlier than in the case of consonants. In 
addition, Kuhl et al (Kuhl, 1991; Kuhl, et al., 
1992) showed that by six months of age 
infants’ vowel perception reflects the internal 
structure of their native language vowel 
categories: only native vowels exhibit a 
perceptual magnet effect related to their 
prototypical exemplars. Thus, it is not the case 
that infants begin phonetic category learning 
from scratch and gradually establish 
representations. But rather, phonetic category 
perception appears to begin with rich initial 
sensitivity and is gradually attuned to and 
shaped in accordance with the native language 
structure, a process of reorganization.  

In a recent study on the perception of 
English /r/ and /l/ by English- and Japanese-
learning infants, Kuhl and colleagues (Kuhl, et 
al., 2006) replicated findings of earlier studies, 
showing that Japanese infants, who 
discriminated this non-native contrast at a 
young age, declined in performance by 10-12 
months of age. Furthermore, while English-
learning infants discriminated this contrast at 
six to eight months of age, their performance at 
10-12 months improved relative to that at the 
younger age. These studies suggest that 
although the perceptual sensitivity is initially 
rich, phonetic category development is not a 
simple process of attenuating non-native 
categories. Improved sensitivity to native 
categories occurs while the perception of non-



native categories declines. The improvement in 
the perception of native language contrasts 
continues into later childhood. Recent work 
showed that native language experience 
facilitates the perception of the English voiced 
d-ð contrast in four-year-old English-learning 
children (Sundara, Polka & Genesee, 2006). 

Besides consonants and vowels, tones 
constitute another type of phonetic categories. 
Many languages use tones to contrast lexical 
meaning. The primary acoustic cue for tones is 
the fundamental frequency. For example, 
Mandarin, in which the tonal bearing unit is 
the vowel or the syllable (depending on 
theories), has four lexical tones – high, low, 
rise and fall. High and low tones are static 
tones while rise and fall are dynamic tones. 
Thus, the meaning of /ma/ changes depending 
on the tones, e.g., ma-high (mother), ma-rise 
(hemp), ma-low (horse), ma-fall (to curse). 
Little research exists on preverbal infants’ 
perception of lexical tones. Although it has 
been shown in music perception studies that 
five- to 10-month-old infants can distinguish 
between tunes of different pitch contours (e.g., 
Trehub, Bull, & Thorpe, 1984), such results 
may represent processes that are entirely 
different from those for language. Given that 
preverbal infants’ speech perception moves 
from language general to language specific, 
not only in their discrimination of segments, 
but also in prosodic perception (for example, 
stress based prosody: Bijeljac-Babic & Nazzi, 
2007; Jusczyk, Cutler, & Redanz, 1993; 
Skoruppa, et al., 2007), it follows that the 
same pattern of perceptual reorganization may 
occur for lexical tones. 

In recent work Mattock and colleagues 
(Mattock & Burnham, 2006; Mattock, Molnar, 
Polka, & Burnham, 2008) tested the 
discrimination of Thai tones by tone- versus 
non-tone-language learners. At four and six 
months of age, infants of both tone- and non-
tone-language environment showed successful 
tonal discrimination. By nine months of age, 
only tone-language infants maintained the 
discrimination. Infants learning English and 
French declined in their discrimination of 
lexical tones by this age, i.e., becoming “tone 
deaf”. Interestingly, Mattock and colleagues 
found that non-tone-language infants 

continued to distinguish between musical 
analogs of these lexical tones, consistent with 
evidence from musical perception studies 
(e.g., Trehub, Bull, & Thorpe, 1984). This 
suggests that the perceptual system processes 
lexical tones in the language mode, distinctly 
from other modes of auditory processing. 

Studies on infants’ perception of phonetic 
categories such as those discussed above 
typically used syllable-size exemplars 
produced in citation forms, usually one 
exemplar per category. The results are thus not 
revealing about infants’ ability to categorize 
variable tokens of the same sound in multi-
word utterances. In experiments involving 
citation syllables of certain continuous 
acoustic dimensions, infants did show 
categorical perception. For instance, babies 
can categorically discriminate stop consonant 
tokens that differ in voice onset time (VOT): 
they distinguished exemplars across a category 
boundary while failing to do so for tokens 
varying equally in VOT within the boundary 
(Eimas, Siqueland, Jusczyk, & Vigorito, 
1971). In experiments testing tones varying 
along the F0 continuum (Harrison, 2000), 
Yoruba-learning six- to eight-month-old 
infants showed evidence of categorical 
perception of tonal categories, whereas 
English-learning infants perceived within- and 
cross-boundary exemplars of these tonal 
categories in a non-categorical fashion. 

It is important to note that variability in 
natural speech is far more complex than the 
types of continua used in the above 
experiments. The acoustic realization of any 
given phonetic category is highly variable, 
affected by many factors including speech 
rate, emotion, speaker differences, phonetic 
contexts, etc. Perceiving variable forms of the 
same speech category can be challenging for 
infants. Limited work has been conducted to 
examine some of these aspects. Eimas and 
Miller (1980) showed that two-to-four-month-
old infants are able to discriminate stop 
consonants even when different speech rates 
affecting VOT values were introduced. Infants 
aged six months can also ignore cross-speaker 
variations when perceiving vowel categories 
(Kuhl 1979). It is unknown whether the ability 
to handle these sources of variability in 



phonetic categorization is part of the initial 
perceptual biases (as in the case of speech 
discrimination shown in previous studies) or 
requires gradual learning from language 
experience.  

Research is lacking with regards to infants’ 
ability to handle contextual variability during 
phonetic categorization. Speech sounds are 
encoded in a parallel fashion, not strung one 
after another as discrete acoustic elements 
(Liberman, Cooper, Shankweiler, & Studdert-
Kennedy, 1967). There is a high degree of 
coarticulation between abstract phonetic units, 
leading to great amount of changes in the 
realization of each phonetic category and 
overlap between neighboring segments. Input 
speech to infants contains about 90% multi-
word utterances (e.g., van de Weijer, 1998; 
Shi, Morgan, & Allopenna, 1998). The 
acoustic variability of phonetic categories is 
thus substantial. Indirect data on infants’ 
processing of such contextual variability can 
be found in word segmentation studies, in 
which infants are first familiarized with a 
word target, and then tested with sentences 
containing the target in various phonetic 
contexts as opposed to other sentences not 
containing the target. Using this technique, 
Jusczyk and Aslin (1995) showed that infants 
recognized single-syllable targets in sentences 
at 7.5 months of age, but not at six months of 
age. Other studies (e.g., Bortfeld, et al., 2005; 
Hoehle & Weissenborn, 2003; Shi, Cutler, 
Werker, & Cruickshank, 2006; Shi & Lepage, 
2008) subsequently confirmed that 
segmentation of monosyllabic words occurs 
from the second half of the first year of life. 
Hence, on the one hand, the remarkable 
discrimination and categorization of phonetic 
categories (involving citation tokens without 
contextual variation) shown in very young 
babies reflect certain innately available 
perceptual biases. On the other hand, infants’ 
categorization of phonetic categories in the 
face of contextual variations, as shown in 
these indirect studies, appears to require a 
period of learning.  

No study has examined infants’ 
categorization of tonal categories in variable 
phonetic contexts. The experiments by 
Mattock and colleagues (Mattock & Burnham, 

2006; Mattock, Molnar, Polka, & Burnham, 
2008) employed one token for each category, 
and the Harrison study (2000) used multiple 
tokens. The stimuli of both sets of studies 
were devoid of any phonetic context. The 
pitch realizations for tones in connected 
speech, however, are greatly altered by the 
tones of the neighboring syllables (e.g., 
Gandour, Potisuk, & Dechongkit, 1994; Xu, 
1997). For example, when a high level tone is 
preceded by a low tone, the high tone is 
realized with a rising pitch. How does the 
infant learn that the underlying representation 
of this tone is a static high? A solution to this 
problem was proposed in recent studies 
(Gauthier, Shi, & Xu, 2007a, 2007b). In those 
studies unsupervised neural networks received 
as training input syllable-size raw F0 curves 
versus velocity profiles of the F0 curves for 
the four tones in Mandarin. The tones were 
produced by multiple speakers in sentential 
contexts with all tones as the neighboring 
contexts and with different focus conditions 
(production data from Xu, 1997, 1999). The 
networks categorized the test tokens 
successfully, and the performance was nearly 
perfect for networks trained with velocity 
profile. These results indicate that the naïve 
learning system (as in the case of infants) can 
learn to categorize tones by normalizing 
variability resulted from varying tonal 
contexts and speakers.  

The present study aimed at investigating 
Mandarin-learning infants’ categorization of 
tones in variable tonal contexts. Given the 
findings of previous segmentation studies, we 
hypothesized that categorizing tones that occur 
in different tonal contexts is a gradual learning 
process. We tested Mandarin-learning infants 
aged four to eight months. It was expected that 
tonal categorization should be observed in 
older infants, but not in younger ones.  

2 THE EXPERIMENT 

2.1 Methods 

2.1.1 Participants 

Participants were 18 monolingual Mandarin-
learning infants, half in the younger age group 



(four to six months), and half in the older age 
group (eight to 11 months). The families were 
recent immigrants to Montreal from China. 
The only language used in these families was 
standard Mandarin.  

2.1.2 Speech stimuli 

A minimal tonal pair of the syllable “mi” 
(/mi/) was determined as the targets of the 
experiments, mi-rise and mi-fall. Each of these 
two syllables is a homophone for a number of 
morphemes. The mi-rise meanings include 
“confusion”, “rotten”, “riddle”, etc., and the 
mi-fall can mean “secrecy”, “search”, etc. 
These are unlikely to be the kind of 
vocabulary used in parental speech directed to 
preverbal infants. In addition to these two 
tones in citation syllables, nonsense utterances 
were constructed, each of which contained a 
target “mi” preceded by another syllable “fu” 
(/fu/) bearing one of the four Mandarin tones. 
There were a total of eight nonsense 
combinations, four for mi-rise utterances and 
four for mi-fall utterances: fu-high mi-rise, fu-
rise mi-rise, fu-low mi-rise, fu-fall mi-rise, fu-
high mi-fall, fu-rise mi-fall, fu-low mi-fall, fu-
fall mi-fall. The use of such novel utterances 
made it possible to test infants’ generalization 
ability in tonal categorization. In addition, we 
avoided the use of longer utterances or 
sentences, since they would make word 
segmentation more difficult, especially for 
younger infants. The simple utterances thus 
enabled us to minimize the segmentation issue 
so that we could better determine infants’ 
initial ability to categorize tones in contexts. 
Only preceding tones were used as it has been 
shown that preceding tones exert most of the 
contextual influence on lexical tones (e.g., Xu, 
1997).  

A female Mandarin native speaker 
recorded multiple tokens of the tonal targets 
mi-rise and mi-fall, and then tokens of the 
eight nonsense fu+mi tonal combinations. The 
recording took place in an IAC acoustic 
chamber. Recorded speech was then prepared 
into auditory stimuli files to be used by the 
infant experimental software.  

2.1.3 Design 

There were two phases in the experiment. 
During the first phase, the Familiarization 
phase, the infant was presented with trials 
containing a target tone in citation syllabic 
forms, mi-rise or mi-fall. The maximum length 
for each trial was 14 seconds. The trials played 
three citation productions of a tonal target 
repeatedly during the Familiarization phase 
until the infant accumulated 30 seconds of 
attentive listening time (measured by looking 
time to a visual display, i.e., a black-and-white 
checkerboard, on a central monitor at the 
sound source). Upon reaching this pre-
established familiarization looking criterion, 
the experiment automatically moved into the 
Test phase. The Test phase served to assess 
the recognition of the target tone in variable 
tonal contexts, where the pitch realizations of 
the target tone could be significantly altered 
by the preceding tone, therefore they were 
much different from the citation forms heard 
during the Familiarization phase. The Test 
phase contained two types of trials: disyllabic 
utterances containing mi-rise (four fu+mi-rise 
utterances) versus disyllabic utterances 
containing mi-fall (four fu+mi-fall utterances). 
The maximum length was 14 seconds for each 
trial, which presented the four utterances 
repeatedly in a quasi-random order (with the 
same exemplar never repeated in adjacent 
positions). The two trial types were presented 
alternatingly and repeatedly for five times per 
type, thus a total of 10 Test trials. The average 
duration was 675.33 milliseconds for mi-rise 
citation tokens and 683.73 milliseconds for 
mi-fall tokens for the Familiarization trials. 
The durations for mi-rise and mi-fall syllables 
were shorter in fu+mi utterances during Test 
trials, with 389.31 milliseconds for mi-rise and 
397.9 milliseconds for mi-fall. The inter-
stimulus interval was 500 milliseconds in all 
Familiarization and Test trials. 

In addition to the Familiarization and Test 
phases, the experiment began with a pre-trial 
and ended with a post-test trial, during which 
the same checkerboard was presented together 
with water bubble sounds. The pre-trial served 
to acquaint the infant with the experimental 
procedure, and the post-test trial enabled us to 



verify if the infant was on task throughout the 
experiment. If she or he was on task, looking 
time should recover during the post-test trial 
relative to the last Test trial, as the auditory 
stimuli of the post-test trial were clearly 
noticeable. The bubble sounds in the pre-trial 
and post-test trial were distinct from the 
speech stimuli used in the Familiarization and 
Test phases, so they would not interfere with 
the experiment. 

Infants were randomly assigned to one of 
the two target tones, half hearing mi-rise and 
half mi-fall in citation forms during 
Familiarization. All infants heard the two trial 
types during Test. Hence, the target Test trial 
type (i.e., utterances containing the 
familiarized target tone) for one group of 
infants was the non-target for the other group 
of infants. The first Test trial was either the 
target trial or non-target trial, counter-balanced 
across infants.  

2.1.4 Procedure and apparatus 

A visual fixation procedure was used for this 
experiment. Infants were tested individually in 
an IAC acoustic chamber. The infant sat on 
the parent’s lap, about two meters in front of a 
central monitor. The parent wore noise 
cancellation headphones and heard masking 
music. The parent was instructed not to 
interact with his or her infant during the 
experiment. Auditory stimuli were presented 
from two loud-speakers located at the same 
position as the monitor. The experiments were 
run with the software Habit (Cohen, Atkinson, 
& Chaput, 2000) from a MacIntosh computer, 
which presented each trial and recorded all 
looks online during each trial. The software 
also calculated online total looks during the 
Familiarization phase and advanced the 
experiment to the Test phase automatically. In 
the adjacent control room the researcher, who 
was blind to the order of trial types, observed 
the infant’s eye responses from a closed-
circuit TV and pressed down a key on the 
MacIntosh computer whenever the infant 
looked towards the monitor. The key presses 
were recorded automatically into the 
experimental software. The researcher could 

not hear the experimental sound, nor see the 
visual display.  

This was a totally infant-controlled 
experiment. Each trial was controlled by the 
infant’s looks: a trial was initiated contingent 
upon the infant’s look to the central monitor, 
and a trial was terminated when the infant 
ceased looking at the monitor. Auditory and 
visual stimuli were presented in synchrony so 
that listening preferences could be interpreted 
based on looking responses. Between trials a 
red light flashed repeatedly in concert with a 
cricket sound in order to attract the infant’s 
attention to the monitor. As soon as the infant 
looked towards the monitor, the attention-
getting red light and cricket sound terminated 
and a trial started. 

2.1.5 Predictions 

The task of this experiment resembles to some 
degree target detection/identification tasks in 
adult speech perception studies. Adults are 
typically presented with a target (such as a 
vowel, a tone, a syllable, etc) and are asked to 
identify it in larger speech materials by 
pressing a computer key. Such a method is 
difficult to implement with preverbal infants. 
Our task is an adaptation of the adult method 
for infants. The tonal target in citation is 
presented during the Familiarization phase. 
Immediately following this phase, the target 
tokens appear in variable tonal contexts. If 
infants recognize the same target in contexts, 
there should be a priming effect. Based on 
many previous infant word recognition studies 
(e.g., Jusczyk & Aslin, 1995; Nazzi, et al., 
2006), infants typically produce a longer 
listening time (measured by looking times) for 
utterances containing the target than they do 
for utterances not containing the target.  

Therefore, we expected that if infants in 
the present experiment identified the target 
tone embedded in variable tonal contexts 
during Test, they should produce a longer 
looking time while listening to such 
utterances, as opposed to utterances containing 
the other tone of the minimal pair. Recall that 
citation forms of a tone are much different 
from the pitch patterns of the same tone 
embedded in varying preceding tonal contexts 



(e.g., Xu, 1997). Hence, successful tonal 
categorization across tokens in the present 
experiment would indicate that infants have an 
abstract level of tonal representations. 

In addition, the Test phase, which 
contained a total of 10 Test trials, was 
designed to also assess infants’ recognition 
efficiency. Recognition efficiency in infants 
has been studied (e.g., Hallé, Durand, & de 
Boysson-Bardies, 2008; Shi, Werker, & 
Cutler, 2006; Vihman, Nakai, DePaolis, & 
Halle, 2004). Following the method of these 
previous studies, we analyzed total looking 
times across all Test trials, as well as first and 
second parts of the Test phase. If infants 
immediately identified the target tone, looking 
time differences should be observed already 
early in the Test phase. But if infants’ ability 
to categorize tones in variable tonal context is 
not yet robust, they should exhibit a looking 
time difference only later in the experiment. 

2.2 Results 
In the first analysis each infant’s total looking 
times for trials containing the familiarized 
tonal target and his or her total looking time 
for trials containing the non-familiarized 
contrasting tone (i.e., the other of the tonal 
minimal pair) during the Test phase were 
computed respectively. An analysis of 
variance was conducted with Tonal Type 
(target versus non-target) as the within-subject 
factor, and Age (four-to-six months versus 
eight-to-ten months) as the between subject 
factor. Results revealed neither a main effect 
of Tonal type, nor Age, nor a Tonal Type x 
Age interaction. Therefore, total looking times 
across all Test trials showed no evidence of 
tonal categorization in variable phonetic 
contexts. 

However, total looking times across all 
Test trials may not be sensitive enough to 
reveal subtle categorization abilities that 
infants may be developing. If infants were 
able to categorize tones in contexts but were 
slow in the processing, a differential looking 
pattern may emerge only towards the later part 
of the Test phase. Analyses were then 
conducted on the initial six trials and the final 
four trials of the Test phase respectively. For 

 

Figure 1: Mean looking times (and standard errors) 
produced by older infants during the later part of 
the Test phase (Trials 7 to 10) for utterances 
containing the target tone and those containing the 
non-target tone of the minimal pair. Infants showed 
a preference for trials containing the target. 

 

Figure 2: Mean looking times (and standard errors) 
produced by older infants during the early part of 
the Test phase (Trials 1 to 6) for utterances 
containing the target tone and those containing the 
non-target tone of the minimal pair. No difference 
was present. 

the younger infants, listening times (indicated 
by looking times) to target sequences and to 
non-target sequences were neither different for 
the initial six trials (t(8) = .124, p = .904), nor 
for the final four trials (t(8) = .4, p = .699). For 
the older infants, listening time for target 
sequences was significantly longer than that 



for non-target sequences for the last four trials 
of the Test phase (t(8) = 2.332, p = .048), 
although these infants’ looking times to the 
two types of sequences did not differ during 
the initial six Test trials (t(8) = .24; p = .816), 
as shown in Figure 1 and 2. This suggests that 
infants of the two age groups responded 
differently. At a younger age infants could not 
categorize tones in variable tonal contexts. 
This ability seems to emerge by eight to 11 
months of age even though the performance at 
this age is not yet efficient. Infants needed to 
listen to several Test trials and compare the 
target tone with the contrasting tone of the 
minimal pair before beginning to exhibit a 
preferential response to the utterances 
containing the familiarized target tone. These 
findings support our hypothesis that 
categorization of tones in variable tonal 
contexts is a gradual learning process. 

3 DISCUSSION AND 
CONCLUSION 

Understanding the variability problem is one 
of the major challenges in the studies of adult 
speech perception and infant speech 
development. The problem is particularly hard 
for infants, who receive no parental instruction 
and have limited upper level linguistic 
knowledge to help. On the one hand, infants 
must learn to treat variations within a phonetic 
category as unimportant, whether such 
variations are acoustically small or large. On 
the other hand, they must learn to treat 
variations across phonetic categories as 
important even though the difference may be 
less or equal to within-category variations. 
Certain types of variability may be context 
independent such as inherent VOT variations 
for stop consonants, which are due to the 
inability for the vocal apparatus to be 
positioned in exactly the same way with 
exactly the same timing control for all 
productions of a phonetic category. Natural 
differences between speakers, which are 
context independent, can lead to large 
variability for phonetic categories such as 
vowels and tones. The present study concerns 
context dependent variability, i.e., contextual 
influence on the acoustic forms of a category. 

Due to the parallel nature of phonetic 
encoding (Liberman, Cooper, Shankweiler, & 
Studdert-Kennedy, 1967), extensive variability 
can be observed in the realization of a given 
phonetic category. Aside from recent 
simulation studies (Gauthier, Shi & Xu, 
2007a, 2007b), no studies known to us have 
directly tested infants’ phonetic category 
perception in variable contexts. 

Using lexical tones as a testing case, the 
present experiment showed that Mandarin-
learning infants at eight to 11 months of age, 
but not at four to six months of age, begin to 
categorize dynamic rise and fall tones in 
Mandarin in variable tonal contexts. They treat 
tokens of a tone in contexts as the same class 
as citation tokens of the same tone. This 
indicates some level of abstract tonal 
representations in infants. Whereas the tokens 
in citation and in contexts are quite different in 
surface fundamental frequency patterns (Xu, 
1997), one common property for all these 
tokens lies in the velocity profile of the 
fundamental frequency, i.e., the movement 
information that reflects the speaker’s 
intended target (Gauthier, Shi, & Xu, 2007a). 
Infants in the present experiment were likely 
to have used the velocity profile information 
to normalize contextual variability.  

The finding that only older infants showed 
evidence of categorization suggests that the 
ability to form phonetic categories in variable 
coarticulated contexts requires a period of 
learning. Evidence of a gradual learning 
process was also observed in the results of 
earlier versus later part of the testing phase in 
older infants. While infants did categorize the 
target tones, this ability was only evident in 
the later part of the experiment, indicating that 
the ability is not yet robust at this age. We 
predicted that efficiency should improve with 
additional learning experience. 

The findings of this study have relevance 
to the mechanisms of language acquisition. 
There has been a long debate over the role of 
nature versus nurture in language 
development. Nativist approaches (e.g., 
Chomsky & Halle, 1968) maintain that 
linguistic structures are innately endowed to 
humans, and that language acquisition is a 



process of mapping the input speech onto 
these innate representations rather than 
creating representations from induction. Based 
on empiricist views, however, linguistic 
representations can be induced and 
constructed from the input. Findings of initial 
language general phonetic perception to later 
language specific perception (e.g., Werker & 
Tees, 1984) have been interpreted by some 
researchers as evidence supporting nativist 
approaches. But it can be argued that these 
findings are equally compatible with the view 
that there are certain innately biased general 
auditory processes, rather than innate 
linguistic representations unique to humans 
(see Aslin, Werker, & Morgan 2002 for a 
detailed discussion). For example, speech 
perception abilities observed in newborn 
infants and adults was also shown in 
chinchillas (Kuhl & Miller, 1975).  

The present study demonstrates that the 
ability to categorize lexical tones in variable 
tonal context comes after many months of 
language exposure. Whether this development 
reflects a process of inductive learning as 
viewed by empiricists or a process of mapping 
input structure to existing linguistic categories 
needs to be further investigated. Testing 
inductive learning versus mapping is known to 
be an experimentally difficult challenge. The 
data of this study do not offer a definitive test 
of this question. But they do suggest that the 
type of biases that allow newborn infants to 
categorize context independent phonetic 
classes is not present at the onset of language 
development.  
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