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The Role of Linguistic Experience in the Perception of Thai
Tones
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There are two main approaches to studying the sounds of language. The first is to
describe and classify the sounds occurring in the world’s languages. From such
analyses historical and comparative information about languages and, to some extent,
language-users can be gained. The second approach is to study the way in which
people produce and perceive the sounds of language. From these analyses information
can be gained about the perceptual and cognitive processes involved in language use
and how these might develop. Traditionally the first approach has been used by
linguists and the second by psychologists. In this study the two approaches are
combined to investigate Thai speakers’ and English speakers’ perception of Bangkok
Thai tones and its development over age.

Linguists have long studied phonetic segments—consonants and vowels. Recently
psychologists have also begun to study these in order to understand language
processing and particularly the age-related development of the processes involved in
language learning (Burnham, Earnshaw, & Clark, 1991; Werker & Tees, 1983). In
addition, the majority of the world’s languages use tones—pitch variations at the level
of lexical units, to convey semantic information (Goldsmith, 1994). Linguists have
conducted many studies on the tonal attributes of various languages (e.g., Abramson,
1978); however, there have been relatively fewer studies on the psychological aspects
of tone. This is unfortunate because the processes involved in perceiving pitch
variations over time may differ from those involved in perceiving spectral
composition, and also in light of the increasing attention now being given to pitch
variations in other contexts: the distinctive pitch modulations in infant-directed speech
(Fernald, 1989) and affective parent-infant interactions (Fernald, 1993); and music
perception by infants and children (Lynch, Eilers, & Bomstein, 1992).

In the study reported here the focus is the tonal system of Bangkok Thai with its
five lexical tones: mid, low, high, rising, and falling. In the descriptive part of the
study various acoustic parameters were extracted from productions of these tones. In
the perceptual part, subjects were given minimal pairs of the tones and asked to make
discrimination judgments. Three variables were manipulated: language background
(Thai and English speakers), age (adults, 8-, 6-, and 4-year-olds), and processing
mode (phonological, involving a 1500 msec interval between the two tones to be
discriminated, and phonetic , involving a 500 msec interval between the two tones to
be discriminated). Each of these is discussed below in relation to the relevant
literature.
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Salient Dimensions in the Perception of Tones

Bangkok Thai has five tones, mid, high, low, rising, and falling
(Luksaneeyanawin, forthcoming). Mid, high, and low are often labelled static tones
and rising and falling, dynamic tones (Abramson, 1978). Research has been
conducted on the relative perceptual salience of these. Gandour (1979) conducted a
multi-dimensional scaling analysis of Thai listeners’ perceptual discrimination of
various pitch contours and revealed three important dimensions. The first and most
important factor in subjects’ perceptual judgments was the relatively low-level acoustic
dimension of average pitch. This is also an important cue for speakers of other tonal
languages and for speakers of non-tonal languages (Gandour, 1983), and so it appears
to be a relatively universal basis for the distinction of tonal contrasts. Saravari and
Imai (1983) found a similar dimension, initial F, value, to be important in the
identification of synthetic versions of the five Thai tones. In addition to these relatively
low level dimensions, Gandour (1979) found two rather more linguistically-based
dimensions to be important. The direction dimension served to distinguish between
rising and falling contours on the basis of pitch movement rather than absolute start
and end points. The slope dimension served to distinguish between static and dynamic
tones. These results are consistent with those of Abramson (1978, 1996) who found
that differences in pitch levels are sufficient for the identification of static tones,
although this is enhanced by slow F, movement; and that fairly rapid F, movement is
required for the identification of dynamic tones.

Burnham, Kirkwood, Luksaneeyanawin, and Pansottee (1992), studying Thai-
and English-speaking adults’ tone and consonant perception found, not surprisingly,
- that Thai speakers discriminated tonal contrasts better than did English speakers, but
that the pattern of results was similar for the two language groups: the dynamic-
dynamic contrast (rising vs. falling) was most easily discriminated, followed by static-
static (e.g., low vs. high) then static-dynamic (e.g., low vs. rising). Burnham et al.
(1992) suggested that the most relevant acoustic dimension appeared to be initial F,
level although they conducted no formal acoustic analyses. It will be of interest in the
study reported here to investigate whether differences found by Burnham et al. (1992)
between Thai- and English-speaking adults are also obtained for children with these
language backgrounds; whether acoustic analyses support the relative salience of initial
Fy as a perceptual cue; and most importantly whether the same acoustic dimensions are
important perceptual cues for native Thai speakers, and English speakers with no
experience of tone languages.
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The Development of Tone Perception

Recently event-related brain potential studies using the mismatch negativity
(MMN) paradigm have been conducted in order to investigate the neural
representations of auditory events. These have shown that adult humans are sensitive
to relative frequency patterns of sine wave tones irrespective of the absolute frequency
of tones (Saarinen, Paavilainen, Schriger, Tervaniemi, & Naitdnen, 1992), and that
change in frequency over time and spectral composition share equal status at the neural
level (Schroger, 1994). Insofar as this basic neural representation may reflect patterns
of ontogenetic priority, it would seem that the acquisition of linguistic tone should at
least parallel that of linguistic segments. However, studies of both production and
perception suggest that tone acquisition may actually precede the acquisition of
segments.

Clumeck (1980) reports that tone-language infants use the pitch of their utterances
to convey affect earlier (around 8 months) than they use either pitch or segmental
differences at a lexical level (Tuaycharoen, 1977; Luksaneeyanawin, 1976). Once
lexical-level distinctions begin the use of pitch and segmental differences coincide,
each first being evident around 11 months. Thereafter however, acquisition of tonal
distinctions appears to be easier, because these are completely acquired by around 23
months, before the acquisition of segments is completed (Tuaycharoen, 1977,
Clumeck, 1980). There is also anecdotal evidence from a 10- to 11-month-old child
showing that pitch is more perceptually salient than segmental information (Li &
Thompson, 1977). Together this evidence suggests that pitch differences may be more
perceptually basic than segmental differences. However, no consideration has yet been
given to the fact that in tonal languages the absolute number of segments far outweighs
the number of tones (maximum of the latter is six: Goldsmith, 1994), so it may simply
be the case that there are fewer tone distinctions to learn. On the other hand, Ioup and
Tansomboon (1987) have suggested that tones may enjoy ontogenetic precedence as a
by-product of infants’ selective attention to the prosodic features of language (Fernald,
1989, 1993) and that young children may be relatively more sensitive to tonal features
of a new language than are their adult counterparts. If pitch is a perceptually salient
dimension in childhood then in the current study it might be expected that Australian,
as well as Thai children will find tonal distinctions relatively easy to learn.

With regard to the order of acquisition of particular tones in tonal languages, static
tones are generally found to be produced contrastively earlier than dynamic tones in
Mandarin (Li & Thompson, 1977), Cantonese (Tse, 1978), and Thai (Tuaycharoen,
1977). With regard to dynamic tones, it has been suggested by Li and Thompson
(1977) that falling tones require less physiological effort to produce than rising tones.
This is reflected in the order of emergence of tones produced by infants learning
Mandarin (Li & Thompson, 1977). However, in the case of Thai, Tuaycharoen
(1977) found that the rising tone was produced before the falling tone. Perhaps such
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inconsistencies in order of production between languages reflect the degree of
variation between the tonal systems of different languages. Moreover, as tones are
perceived less categorically than consonantal segments (Abramson, 1979), it is more
difficult to compare two tones, say two “falling” tones, across languages than it is to
compare two consonants, say two voiceless bilabial stops.

Turning to the perception of tones, we find that very few developmental studies
have been conducted. Clumeck (1980) reports that Mandarin-speaking children first
discriminate rising and falling tones and suggests that order of acquisition of
perceptual competence with particular tonal contrasts is based primarily on the
phonetic distinctiveness of the tone pair, and on the degree to which the tones are
distinct despite variations resulting from tone sandhi rules. In the study reported here
the phonetic similarity of Thai tones can be gauged by testing English-speaking adults
and children, for whom the tones are phonologically irrelevant and Thai-speaking
adults and children for whom the tones are an integral part of their linguistic system. It
is possible that the way in which subjects from these two ditferent backgrounds
process tonal distinctions may differ, and it is to a consideration of modes of
processing that we now turn.

Modes of Processing in Tone Perception

Werker (Werker & Logan, 1985) found that a 500 msec interstimulus interval
(IST) between two to-be-discriminated sounds tends to induce a language-general
phonetic mode of perception in which phones are perceived directly without any
influence of linguistic experience. In such a mode even non-native listeners should be
able to perceive contrasts which are not phonologically relevant in their language. In
contrast, an ISI of 1500 msec was found to induce a language-specitic or phonological
mode of perception. In this mode perception is constrained, and perhaps enhanced, by
experience with the phonological categories of a particular language. Burnham et al.
(1992) investigated these two modes of perception with Thai- and English-speaking
adults. They found that English speakers’ perception of Thai speech contrasts
(including tonal contrasts) was generally better at 500 msec than at 1500 msec ISI,
while the reverse was true for Thais. Thus a method of testing which allows a
phonetic mode of perception is more beneficial when the sounds to be discriminated
are linguistically irrelevant to the listener, while a method which allows the filtering of
irrelevant phonetic and acoustic intormation and subsequent classification into
phonologically relevant categories is more beneficial for distinctions which are
linguistically relevant.

Many studies have shown that linguistic experience systematically biases speech
perception abilities towards the phonological distinctions present in the ambient
language (Burnham et al., 1991; Werker & Tees, 1983), such that adults have more
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restricted perceptual abilities than infants in the same linguistic environment. In this
regard it will be of interest to determine whether the phonological (1500 msec)
advantage for Thais and the phonetic (500 msec) advantage for English speakers
(Burnham et al., 1992) is accentuated as age increases. By investigating Thai- and
English-speaking children’s and adults’ perception of Thai tonal contrasts at two ISI
levels, and by examining the acoustic data, the perceptual data and the relationship
between these, such issues in the development of tone perception should be
elucidated.

METHOD
Subjects and Design

A total of 192 subjects were tested. There were 96 native Australian English
speakers, each with little or no experience of other languages (e.g., one or two years
of high school), and no experience with Thai or any tonal language. There were 96
native Thai speakers, who could also speak English with varying degrees of
proficiency. In each language group, there were 24 adults, 24 8-year-olds, 24 6-year-
olds, and 24 4-year-olds. A native language (Thai/English) x Age (Adult, 8, 6, 4
years) x ISI (500/1500 msec) design was employed. Half the subjects in each
language group were tested with an ISI of 500 msec and half with a 1500 msec ISI. In
each language x ISI subgroup, half the subjects were males and half females.

Stimulus Materials and Apparatus

Tonal speech tokens were produced by a native Thai female linguist. The
prevoiced syllable, [ba:], was used to carry the five tones (high, mid, low, rising,
falling), and five exemplars of each were used. These were digitised and stored on
computer. All possible pairings of the five tones were used, resulting in a total of 10
tone contrasts. One of the five exemplars of each sound was chosen at random for
presentation in each trial. This exemplar variation over trials was employed to
encourage linguistic processing, in which the phonetic features are important for
perceptual discrimination, as opposed to acoustic processing, in which idiosyncratic
features of particular tokens may become important cues for discrimination.

The experiment was conducted using a laboratory-based system at the University
of NSW—an IBM AT type computer; and a portable system at Chulalongkorn
University—a Toshiba 3100e AT laptop computer modified to accommodate D-A,
digital I/O, and filter boards. The computers stored the sounds on disk, controlled
presentation and timing of the sounds, and recorded subjects’ responses and reaction
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times for each trial. A response panel attached to the computers contained a “same”
key and a “different” key for subjects’ responses, and a set of coloured lights which
flashed when subjects made a correct response.

Procedure

Equal numbers of same phone pairs (AA or BB) and different phone pairs (AB or
BA) were randomly presented to the listener, whose task it was to respond as quickly
as possible by pressing either the “same” or “different” key. There were two phases in
the experiment. The first was a task competence phase in which subjects were required
to respond correctly on seven out of the eight trials on a simple auditory distinction
[d30mn] vs [la:]. There were four same, and four ditferent trials in this phase. This

task-competence phase was included to ensure that each subject could make simple
auditory discriminations, and was acquainted with the task and the apparatus. The test
phase followed. Adults were presented with 3 blocks of 16 trials and children 1 block
of 16 trials. In each block there were four tone contrasts, one ‘‘static-static’’ contrast
(mid/high, mid/low, or low/high), two “static-dynamic” contrasts (mid/rising,
mid/falling, low/rising, low/falling, high/rising, or high/falling), and one “dynamic-
dynamic” contrast (rising/falling). Each contrast was presented in each of the four
possible combinations: AA, AB, BA, BB (i.e., two same and two different trials).
Thus in each block, there were 8 same and 8 different trials presented in random
order.

Dependent Variables

The number of correct and incorrect responses and the accompanying reaction
times were recorded on disk. From these, two dependent variables were derived. The
first was a discrimination index (DI) given by [number of correct responses on
different trials minus number of incorrect responses on same trials]/number of trials.
The resulting score is a measure of how well subjects were able to discriminate speech
sounds on AB and BA trials. A score of 1 would indicate that all AB and BA trials
were responded to as “different” and all AA and BB trials as “same.” A score of zero
would indicate that the subject responded “different” on an equal number of AB/BA
trials and AA/BB trials, i.e., that they showed no greater ability to respond “different”
on different than on same trials. The second dependent variable was reaction time (RT)
for all correct responses on AB and BA trials.
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RESULTS AND DISCUSSION

Four aspects of the results are considered: 1) analyses of variance of subjects’
responses to the three types of tone contrasts (static-static, static-dynamic, and
dynamic-dynamic); 2) tone contours and acoustic data of the five stimulus tones used
in the experiment; 3) subjects’ discrimination accuracy for each of the ten tone
contrasts; and 4) correlations between subjects’ accuracy and acoustic variables.

1. Tone Types—Analyses of Variance

The two measures of interest, discrimination indices (DIs) and reaction times on
AB/BA trials (RTs) were analysed in separate but identical analyses of variance: 2 x 4
X 2 x (3), Language Background (Thai, English) x Age (Adult, 8 years, 6 years, 4
years) x ISI (500 msec, 1500 msec) x Contrast Type (Static-Static, S-S, Static-
Dynamic, S-D, Dynamic-Dynamic, D-D), with repeated measures on the last factor.

Table 1. Mean Dls for Thai- and English-speaking Adults and Children

Age Thai English Combined
4 year olds 45 .02 23
6 year olds .90 .27 .58
& year olds 93 31 .62
Children .76 .20 48
Adults 97 .70 .84

Mean DIs for Thai and Australian adults and children are shown in Table 1. As
would be expected Thai speakers performed significantly better than English speakers
F(1,176)=171.04. Performance improved between childhood and adulthood F

(1,176)=68.96, and this improvement was greater for English speakers ( X adutis=.70,

X children= -20) than for Thais (.97 vs .76), F(1,176)=11.23. For children,
irrespective of their language background, there was a significant improvement
between 4 and 8 years, F(1,176)=54.05, and a signiticant levelling off between 6 and
8 years, F(1,176)=11.61.

With regard to the processing level, there was a significant interaction of ISI (500
msec vs 1500 msec) and language background, F(1,176)=4.31. As illustrated in
Figure 1, there is a crossover eftect: as expected all Thai speakers are slightly better at
discriminating tones when forced to use a phonological level of processing at 1500
msec ISI, while all English speakers are much better at discriminating tones when
allowed to use a phonetic level of processing. Understandably Thai speakers, for
whom the tones are familiar linguistic elements, can better discriminate the tones when
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higher level processes are operating in long-term storage, while English speakers, for
whom the tones are unfamiliar in a linguistic context, are better able to discriminate
when short-term direct comparison processes can be engaged. These results confirm
and extend similar results obtained by Burnham et al. (1992); we now know that both
adults and children have a processing advantage at 1500 msec for linguistically
familiar elements (Thai speakers) and at 500 msec for linguistically unfamiliar
elements (English speakers).

1

B 500msec
1500msec

Discrmination Index
o
n
1

Thai English

Language Background

Figure 1. Interaction of Language Background and Processing Level

Performance differed for the three types of tone contrasts. All subjects were
generally better at discriminating the D-D contrast ( X =.64) than the six S-D contrasts
(Y=.55) or the three S-S contrasts ( X=.52), F(1,176)=11.20. This difference in
performance is qualified by an interaction with ISI, F(1,176)=7.06. As shown in
Figure 2, there are negligible differences between performance at 500 msec and 1500
msec ISI for the S-S and the S-D contrasts. However, for the D-D contrast
performance is far superior at the 500 msec ISI. This suggests that the D-D (rising-
falling) contrast is acoustically more salient than either the S-S or S-D contrasts.
Presumably, this salient acoustic information 1s shed at higher levels of processing and
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tones are classified into appropriately “labelled” categories. It is interesting to note that
this result is equivalent for English and Thai speakers, implying that English speakers
have the propensity for classifying tone segments into phonologically-relevant
categories. This propensity does not appear to be readily available for non-native
consonant contrasts (Burnham et al., 1992), which suggests that tones may enjoy
some advantage in linguistic processing. Such a conclusion would be consistent with
evidence cited earlier that, in language acquisition, tonal segments are learned more
readily than consonants and vowels (Clumeck, 1980).

@ B 500 msec
= 1500 msec
s
£ 0.5
=
S
0
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0- i
S-5 S-D D-D
Tone Contrast

Figure 2. Interaction of Tone Contrast Type and Processing Level

__Correct RTs on AB and BA _trials were generally faster for the D-D contrast
(X=1952msec) than the S-D ( X=2065msec) or S-S (X=2167msec) contrasts,
F(1,125)=13.57, and this D-D superiority occurred irrespective of ISI, language
background, and age of the listener. There were, however, differences between
subjects when all three types of contrasts were considered together. RTs for Thai- and
English-speaking subjects of each age are shown in Table 2. English-speaking
subjects generally made quicker responses than Thais F(1,125)=8.48, and adults were
faster than children F(1,125)=79.60).



38 BURNHAM AND FRANCIS

Table 2. Mean RTs for Thai- and English-speaking Adults and Children (msec)

Age Thai English Combined

4-year-olds 1961.7 1417.1 1836.0

6-year-olds 1823.7 1902.1 1846.8

8-year-olds 1744.4 1602.7 1699.9

Children 1836.3 1672.3 1619.2

Adults 1491.3 1267.3 1384.2
2100

—>(—500msec
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><\
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‘iiegurle 3. Interaction between Improvement over Age in Children and Processing
ve

For the children there was a significant interaction between the linear improvement
of RTs over age and performance at the two ISI levels, F(1,125)=9.87. The basis of
the interaction is shown in Figure 3. The 4-year-olds were faster to respond to tone
differences at the 500 msec than at 1500 msec, suggesting that they process tonal
differences more efficiently when allowed access to phonetic information. Conversely,
older children do not show this 500 msec advantage in reaction time: they are equally
fast in processing tonal differences when they have access to phonetic information (at
500 msec ISI) and when using phonological (classificatory) information (at 1500 msec
ISI). Moreover, across the three child age groups there is essentially no improvement
in RT for discrimination at 500 msec ISI but a linear improvement in RT for
discrimination at 1500 msec ISI. This suggests that for both Thai- and English-
speaking children, age-related development of tone perception involves the increasing
use of phonologically-relevant dimensions and no increase in attention to phonetically
or acoustically related dimensions. The phonological mode of processing in which
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tone contours are classified in terms of phonologically relevant dimensions appears to
gain precedence over the phonetic mode sometime between the ages of 4 and 6 years.
This age-related improvement in the ability to classify tones in phonologically relevant
ways will be noted again when correlations are examined in section 4.

2. Acoustic Statistics for the Five Tones

The five exemplars of each of the five tones were analysed using the Kay CSL
system which employs a pitch-synchronous analysis to extract F,. From the resultant
values mean frequency plots of the five tones were produced, and these are shown in
Figure 4. Relevant statistics for each of the tones are shown in Table 3, and in Table 4
difterences between these statistics for each of the ten tone contrasts are shown.
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Figure 4. Mean Frequency Plots for the Five Exemplars of each of the Five Thai
Tones

The two dynamic tones, falling and rising, show the greatest F, movement from
onset to offset (-75.4 Hz and +24.6 Hz respectively). The static tones show less
contour but there is still some movement especially for the low (-26.8 Hz) and high
(+23.2 Hz) tones. While such onset-offset differences may appear large for
supposedly ‘static’ tones, there is, for example, much less F, movement for the static
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low tone than for the dynamic falling tone. Thus there is support here for Abramson’s
(1978, 1986) dichotomous classification of Thai tones as static and dynamic.

Table 3. Mean Duration (msec) and Acoustic Variables (Hz) for the Five Thai Tones

Mid Low High Falling Rising
Duration 519.2 480.0 460.8 489.4 453.2
Frequency 190.9 159.4 203.8 219.6 160.3
Standard Deviation 5.7 9.0 10.4 23.7 10.1
Min. Frequency 179.6 140.4 185.0 145.8 145.0
Max. Frequency  204.0 180.6 227.0 2448 189.4
Range 244 40).2 42.0 99.0 44 4
F, Onset 198.4 173.8 188.6 223.0 160).2
F, Offset 182.8 147.0 211.8 147.6 184.8
Onset to Offset -15.6 -26.8 23.2 -75.4 24.6

The mean F, levels of the tones are relatively distinct (Table 3) with falling
showing the highest mean F, ( X =219.6 Hz) followed by high, mid, and then rising
and low. The difference in mean F, between rising (X=160.3 Hz) and low
(X =159.4 Hz) is negligible. Presumably the opposite direction of their contours and
the difference in onset frequency provide sufficient cues for their discrimination. Onset
values are generally quite different for each tone (Table 3), but there is some similarity
of onset for mid and high tones. In this case the slow downward movement of the mid

tone and the relatively quicker upward movement of the high tone may provide
distinctive perceptual cues.

Table 4. Acoustic Differences (in Hz) for the Ten Tone Contrasts
Average Standard  F) Fo Fo  On-Off Absolute
F() Deviation Range Onset Offset Change Change

S-S High-Low 44.4 1.4 1.8 148 648 50.0 3.6
High-Mid 129 47 176 98 29.0 388 7.6
Mid-Low 31.5 33 158 246 358 11.2 11.2

S-D High-Rising 43.5 0.3 24 284 270 1.4 1.4
High-Falling 15.8 133 570 344 642 986 522
Mid-Rising 30.6 44 200 382 2.0 402 9.0
Mid-Falling 28.7 18.0 746 246 352 59.8 598
Low-Rising 0.9 1.1 42 136 37.8 514 2.2
Low-Falling 60.0 147 58.8 492 0.6 486 48.6

D-D Rising-Falling 59.3 13.6 546 62.8 372 100.0 50.8
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3. Perceptual Salience of the Ten Tone Contrasts

Table 5. Accuracy (Percentage Correct and Rank Orders) for the Ten Tone Contrasts -
(a) Thai and (b) English Speakers

(a) Thai Adults 8-year-olds 6-year-olds 4-year-olds
S-S High-Low 100.0 (1) 100.0 (1) 91.7 (8) 75.0 (4)
High-Mid 100.0 (1) 100.0 (1) 100.0 (1) 68.8 (7)
Mid-Low 97.9 (8) 100.0 (1) 95.0 (7) 58.3(9)
S-D High-Rising 100.0 (1) 95.0 (8) 100.0 (1) 75.0 (4)
High-Falling 100.0 (1) 100.0 (1) 100.0 (1) 50.0 (10)
Mid-Rising 100.0 (1) 100.0 (1) 85.7 (9) 64.3 (8)
Mid-Falling 97.9 (8) 100.0 (1) 95.5 (6) 69.2 (6)
Low-Rising 97.9 (8) 80.0 (10) 83.3 (10) 78.6 (2)
Low-Falling 100.0 (1) 95.0 (8) 100.0 (1) 77.8 (3)
D-D Rising-Falling 100.0 (1) 100.0 (1) 95.8 (5) 81.3 (1)
(b) English
S-S High-Low 93.8 (1) 12.5 (10) 16.7 (10) 25.0 (10)
High-Mid 81.3 (6) 25.0 (8) 54.2 (4) 37.5(7)
Mid-Low 79.2 (7) 62.5 (4) 41.7 (6) 43.8 (5)
S-D High-Rising 87.5 (4) 75.0 (1) 60.0 (3) 55.0 (3)
High-Falling 75.0 (9) 16.7 (9) 37.5(8) 50.0 (4)
Mid-Rising 79.2 (7) 50.0 (6) 66.7 (1) 70.0 (1)
Mid-Falling 87.5(4) 43.3 (7) 38.9 (7) 27.3(9)
Low-Rising 54.2 (10) 55.6 (5) 50.0 (5) 38.9 (6)
Low-Falling 93.8 (1) 66.7 (2) 28.6 (9) 57.1(2)
D-D Rising-Falling  91.0 (3) 64.6 (3) 66.7 (1) 37.5(7)

While the comparative statistics in Tables 3 and 4 show interesting physical
differences between the ten tone contrasts, these need to be supplemented by
perceptual data. In Table S the accuracy of Thai- and English-speaking adults and
children on each of the ten contrasts is shown. To facilitate comparison, the rank order
from easiest to most difficult is provided for each age group. Note that where two or
more scores tie, the subsequent scores are ranked from the next available rank. For
both language groups there are particular tonal contrasts which produce strikingly
different performances across age. Consideration of some of these may help to
elucidate variables which are important in the development of tone perception.
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Mid-Low Contrast.

Abramson (1986) found that of the five tones, Thai adults most easily confused
the mid and low tones. The results obtained here for Thai adults (accuracy=97.9%,
equal lowest rank) and English-speaking adults (accuracy=79.2%, equal second
lowest rank) attest to the relative difficulty of this contrast. However, especially for the
English listeners, the children’s performance on this contrast is relatively better (ranks
of 4, 6, & 5 tfor 8-, 6- & 4-year-olds), which suggests that the factors important in
adults’ tone perception may not be the same as those important in children’s tone
perception. In the examples which follow some attempt to identify these factors will be
made.

Low-Rising Contrast

The low-rising contrast is difficult for Thai adults, 8-year-olds and 6-year-olds
(ranks of 8, 10, & 10) but relatively easy for Thai 4-year-olds (rank=2). For the
English speakers low-rising is the most difficult contrast for the adults but of only
moderate difficulty for children. As the mean frequency of the low and rising tones
differs only by 0.9 Hz (see Table 4) it might appear that older listeners rely more on
mean frequency and younger listeners more on tone contour.

High-Fualling

Contrast. Thai adults, 8-year-olds, and 6-year-olds discriminate the high and
falling tones pertfectly but the 4-year-olds only discriminate 50% correctly, this being
their worst performance. As both the mean F difference (X =15.8 Hz) and the onset
difference (( X =34.4 Hz) are relatively large for this contrast (see Table 4), it may be
that older subjects respond more to these two cues than do the 4-year-olds.

High-Low Contrast

English-speaking adults discriminate the high and low tones very well: at 93.8%
correct it has the equal highest rank. Conversely, it is the most difficult (rank=10) for
8-, 6-, and 4-year-olds, (percent correct=12.5, 16.7, and 25.0 respectively). The high
and low tones have a relatively large difference in mean frequency, but their
differences in onset frequency and absolute movement are less distinct. As for the Thai
subjects’ perception of the high-falling contrast, this may indicate greater reliance on
mean frequency differences by older listeners, and more reliance on a configuration of
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cues including tone contour by younger listeners. This possibility will be pursued
further in the next section.

4. Correlations between Acoustic Differences and Perceptual Salience

In order to tease out which acoustic variables are perceptually salient at each age,
Pearson correlation coefficients were calculated between accuracy on each of the ten
tone contrasts (Table 5) and differences between four acoustic variables for each
contrast (Table 4). Thus ten pairs of values for each tone contrast contributed to each
of the correlation coefficients. This is not a large number of pairs for a correlation
coefficient and the critical r value for significance is quite high (r.i=.63).
Nevertheless, comparison of these correlation coefficients across age may prove
enlightening.

The correlations are shown in Table 6. Thai speakers have a relatively high
correlation for mean frequency at all ages, while the correlation for onset steadily
increases from 4 years to adulthood. For Thai children, other cues such as offset and
standard deviation show moderate correlations which are not present in the adult data.
Clearly, Thai children rely on a configuration of cues, while adults rely heavily on just
two: mean onset and frequency. This limited cue usage is presumably very efficient,
as Thai adults discriminate tones at near perfect levels.

Table 6. Correlation Coefficients of Four Acoustic Differences with Accuracy for
Thai and English Speakers

Adults 8-year-olds  6-year-olds 4-year-olds

Thai
Frequency 44 41 36 43
Onset 38 25 22 17
Offset -.09 .09 07 =27
Standard Deviation -.00) 33 41 -.09
English
Frequency .85 40 -.09 12
Onset 42 47 .30 41
Offset -.12 -.64 -42 -.66
Standard Deviation .35 -.02 -.14 -.09

English speakers show a different pattern of development. Most striking is the
pattern of correlations for mean frequency. The 4- and 6-year-olds show virtually no
correlation for mean frequency, by 8 years there is a moderate correlation, and by
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adulthood the correlation is extremely high. There is a consistent correlation for onset
in all English-speaking subjects, and while children use offset but not standard
deviation, adults appear to consider standard deviation but not offset.

Overall it appears that Thai speakers use mean frequency at all ages, steadily
increase their use of onset, and when young consider cues that adults have learned to
disregard. In contrast, English speakers use a complex set of acoustic cues at all ages.
They seem unable to use mean frequency while young, but by the time they are adults,
they rely perhaps too heavily on mean frequency. English-speaking adults continue to
use a variety of cues rather than the optimum configuration achieved by Thai adults.
Perhaps this can only be achieved when surrounded by a language in which lexical
tone is phonologically-relevant. It appears that for those whose ambient language does
not use tone to signal semantic differences at the lexical level (English speakers), the
necessary developmental exposure and subsequent fine tuning does not occur.

These data support Gandour’s (1983) findings that mean pitch or pitch height is an
important variable in tone discrimination by adults, both tone language speakers and
non-tone language speakers. The data also provide some support for the perceptual
salience of onset pitch found by Saravari and Imai (1983) for Thai adults. However,
neither Gandour (1983) nor Saravari and Imai (1983) studied children’s tone
perception. Here we have found that young listeners, irrespective of their language
background, rely less on either of these two single dimensions and more on a complex
set of acoustic variables. It appears that the development of tone perception involves
the gradual identification of a particular subset of cues which are the most useful and
that this must occur in a developmental context: English-speaking adults identified the
most useful variable (mean F,) but could not learn the optimal combination of cues
over the period of the experiment.

The results of these studies can only bear on lexical pitch: English speakers do, of
course, understand and produce pitch variations across sentences, so in future studies
it would be of interest to investigate Thai and English speakers’ relative ability to
process sentential pitch variation. Moreover, English speakers continue to peceive
pitch information in non-linguistic settings, so it would be of interest to investigate the
influece of context, e.g., linguistic vs. musical, on the perception of pitch.

CONCLUSIONS

We conclude that in early childhood tone perception is acoustically-based, young
listeners taking into account a variety of acoustic cues. This is shown in the
developmental differences in correlation coetficients (Table 6) and in 4-year-olds’
(both English and Thai) faster RTs for tone discrimination when the shorter ISI allows
the more acoustically oriented phonetic mode of processing. In contrast, it appears that
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the perception of tones at a more phonological level involves the selection of one or two
critical acoustic variables and almost exclusive reliance on these. This more
phonological mode is evident in older Thai speakers, adults and 6- and 8-year-old
children (see Table 6 & Figure 3). Perhaps for Thais the onset of schooling and formal
language training at 5 years facilitates this shift to a more phonological mode of
processing (Burnham, 1986; Burnham et al., 1991). The optimal phonological mode
which emerges over age appears to involve greater concentration on the mean relative
pitch (mean F, and onset values) and less concentration on the actual contour of the
tones (onset, offset and standard deviation values). It will be of interest to investigate
whether this developmental trend is the same in other tone languages.

The difference between speakers of tone and non-tone languages appears to support
the importance of linguistic experience in the shift from phonetic to phonological
processing. Thai adults and children perceive tones better in a phonological mode
(1500 msec ISI), while English-speaking adults and children perceive tones better in a
phonetic mode (500 msec ISI). English listeners rely on a complex set of acoustic
variables to perceive tone differences and this strategy persists over age despite
English-speaking adults’ increasing use of mean frequency. In contrast, by adulthood
Thai listeners have streamlined their use of acoustic variables such that only those
which allow clear classification of tones into distinct phonological categories are used.
Thus two aspects of linguistic experience are important in tone perception , age and
language background. Over age, tone perception becomes more phonologically-based
irrespective of language background. Moreover, even non-tone language adults are able
to identify the most salient acoustic cue. Howeyver, it is only with appropriate linguistic
experience that the optimal perceptual strategy develops, and only with appropriate
linguistic experience that a truly phonological mode of tone perception is achieved.
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