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ABSTRACT

The ability to discriminate the mid and the low tone
contrast in Thai by native English (NE) and native
Chinese (NC) speakers were investigated before and after
an auditory training. The variables under investigation
were first language background and the inter-stimulus-
interval (ISI) of the presentation (500 vs. 1500 ms). The
NC group outperformed the NE group during both the pre-
and the post-tests and in both ISI conditions. A significant
improvement in discrimination from the pre-test to the
post-test in the 1500 ms ISI condition was observed in the
NC group, but not in the NE group. These results suggest
that prior experience with the tone system in one tone
language may be transferable to the perception of tone in
another language. 

1. INTRODUCTION

This study reports the findings of an experiment designed
to answer the question of whether or not native speakers of
a tone language will be faster, when compared to native
speakers of a non-tone language, at acquiring tones from
another tone language with which they have no prior
experience. Given their native ability and experience in
using fundamental frequency as well as other perceptual
cues such as voice quality (i.e., breathy, creaky,
glottalized), vowel duration etc. to differentiate among
tones in their language, the answer should be affirmative,
at least at the phonetic level of processing. However, tone
languages may differ from one another both in the number
of tones that exist in their phonological systems as well as
in their use of phonetic features (e.g., F0 height, F0 range
and F0 contour) to categorize these tones. Thus, long-term
representations of existing native tones may prove to be a
source of interference at a higher level of processing (i.e.,
phonological).

With these two possible opposite predictions in mind, an
auditory training experiment was conducted to test the
ability to discriminate between the mid and the low tones
in Thai by a group of native speakers of Chinese and a
group of native English speakers. A comparison was made
both before and after the training using two different Inter-
Stimulus-Intervals (500 ms and 1500 ms). These two
different ISIs have been claimed to trigger different levels
of processing: a phonetic level void of native language
(L1) interference for 500 ms ISI and a phonological level
for 1500 ms ISI. 
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2.  METHODS
rticipants

ipants were six (3 male, 3 female) native speakers of
six (2 male, 4 female) native speakers of English and
 male, 3 female) native speakers of Taiwanese and 1

e native speaker of Mandarin Chinese. All of the
nese listeners are Taiwanese-Mandarin bilinguals.
ts of previous studies [2] suggest that native
arin and Taiwanese-Mandarin bilingual speakers do
iffer in the way they perceive and process tones.
 for the purpose of this study, the five native speakers
iwanese and the one native speaker of Mandarin
se will be grouped together and referred to as the
 Chinese speakers group (NC). All of the
ipants were recruited from the undergraduate and
ate student population at the University of Florida at
sville. No known speech or hearing impairment was
ed.
timuli
li were eight minimal pairs or contrasts (see table 1
) of the low and the mid tones of standard Thai.
mination of these two tones is known to be difficult
presented in isolation even for NT listeners.  This
st was chosen in order to avoid a ceiling effect,

ially among NC listeners after the auditory training.
imuli were produced by five (3 female, 2 male) Thai
ers. 

Mid Tone Low Tone
pi˘] ‘year’ [piô̆ ]        ‘oboe’
pa˘] ‘to throw’ [paô̆ ]         ‘forest’
Ha˘] ‘to be stuck’ [kHaô˘] ‘galanga’
Ha˘y] ‘to guess’ [tHaô̆ y] ‘to change’
Ha˘y]‘to spit out’ [kHaô˘y] ‘a net’
a˘n] ‘birthmark’ [paô̆ n] ‘juke’
pan] ‘to share’ [paôn] ‘to pedal’
/a˘n] ‘saddle’ [/aô̆ n] ‘to read’

1 Minimal Pairs used in the study

 contrasts were produced in a Thai carrier phrase
phuÈ˘t kHam waÈ̆  …]”, “we say the word….” Each
st was produced three times in random order. The
ing took place in a quiet office setting using a high

y DAT cassette recorder (Sony TCD-D8) and a head-



mounted microphone (Shure, model SM 10A). The
microphone was placed at a 45-degree angle
approximately 13 mm (as recommended by the
manufacturer) from the mouth. The stimuli were later
digitized using Cool Edit (Syntrillium Inc.) at 22.05 kHz,
with a 16 bit quantization. Each target syllable was then
excised out of the carrier phrase and saved as an individual
file. All target syllables were normalized for peak intensity
(50% of the scale). 

Each pair of stimuli was arranged into triads. Each of the
eight contrasts was tested by ten ‘change’ trials, which
consist of a single token of one tone and two tokens of the
other tone. For example, a trial testing the contrast
[pi˘]/[piô̆ ] might consist of [pi˘]-1, [piô˘]-3, [pi˘]-2 (where
the number indicates different speakers). In the example
given, the tone in the second stimulus is the odd item out
because it contains a tone that differs from the first and the
third stimuli. The serial position of the odd item out was
distributed equally over the three possible positions. Each
tone contrast was also tested by five ‘no change’ trials,
which consisted of three different instances (i.e., produced
by different talkers) of the same tone. In four of the eight
contrasts, two of the five no-change trials consisted of
three different instances of the mid-tone member of the
pair (e.g., [pi˘]-1, [pi˘]-2, [pi˘]-3), and the remaining three
no-change trials consisted of three different instances of
the low-tone member of the pair (e.g., [piô˘]-3, [piô̆ ]-2,
[piô̆ ]-1). The reverse was true for the remaining four
contrasts. Thus, overall there was an equal number of no-
change trials for the low tone and the mid tones, i.e., 20
for each tone and 40 in total. To test the effect of ISI, two
sets of stimuli were created. In one set, an interval
between the three stimuli in each trial was set at 500 ms,
and in the other at 1500 ms. However, the Inter-Trial-
Interval (ITI) was always set at 1500 ms.

2.3. Procedures
2.3.1 Pre-test
The listeners were tested individually in a quiet room in
one session that lasted about 45 minutes using a PC. The
120 (8 pairs x 10 change trials + 8 pairs x 5 no change
trials) trials for each ISI condition were randomly
presented over headphones at a comfortable listening
level. The listeners were told that each trial will be made
up of three Thai words spoken by three different native
Thai speakers and that they were to focus their attention
on the tone or pitch level of the word. They were told to
push a button marked “1”, “2”, or “3” if the tone in one
word differed from the tone in the other two words, but to
click the fourth button, marked ‘none’, if they heard three
words produced with the same tone. For example, the
button marked “1” should be selected if they believe that
the first word they heard was produced with a different
tone than the second and the third word. Stimulus replay
was allowed. However, once a button was selected, it
could not be changed, and replay was disabled. All
listeners were tested on both sets (ISI 500 and ISI 1500) of
stimuli and the order of presentation of the two sets was
counter-balanced across listeners. To familiarize listeners
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ot analyzed.

 Training
ing the pre-test, all participants were asked to come

for the next five days for auditory training sessions.
session lasted 30 minutes. The stimuli and procedure
e training session were identical to those used in the
st. However, to avoid a bias toward either the ISI
r ISI 1500, the ISI chosen for the training session
 sec. Similar to the pre-test, replay was allowed. It
owever, disabled once a button was selected. Unlike

e-test, if an incorrect button was selected, the correct
 would blink for a period of five seconds. This was
ly form of feedback provided to the participant. The
ity of participants were able to complete the training
se twice within the allotted 30 minutes. Since the
g period (5 days) is relatively short and very little
vement was expected from one session to the next,
cided not to analyze data obtained from the training
ns, and to focus instead on a pre-test and post-test
arison.   

 Post-test
the completion of the training sessions, participants
sked to come back the following day for a post-test.

timuli and procedure for the post-test were identical
se of the pre-test. 

3. RESULTS
e-test
 percentage of correct discrimination [(% correct
fication for change trials (maximum of 10) + %
t rejection for no-change trials (maximum of 5)/2)]

l contrasts in each ISI for each group of listeners is
 in Table 2. A 25% [(1/4 (for change trials +1/4 for
ange trials)/2] correct identification indicates a
mance at chance level. It should be noted that the
nd 60% correct discrimination scores for the native

ers of Thai are lower than those reported in previous
s. Using an AX discrimination task, Burnham et al.
), for example, obtained a mean correct
fication1 of 79.2% among adult native (Australian)
h speakers they examined. However, a single talker
sed in their study. Thus, it is possible that the use of
le talkers and the categorial discrimination task,
 places a relatively greater demand on working
ry than the AX discrimination task, may have
r reduced the discriminability of this difficult tone
st.
ffect of ISI on mean percent correct for the pre-test
 was tested in a mix-designed 2-way Analysis of
ce (ANOVA) with Language (NT, NC, NE) as the
en subject factor and ISI (500 vs. 1500 ms.) as the
 subject factor. The results revealed a significant
effect of Language [F (2,141) = 59.45, p <.0001],



but not of ISI. The interaction between Language and ISI
was not significant. These results suggested that while
there was a significant difference in the performance
across the language groups, the performance of each group
was comparable in both ISI conditions. As expected, a
Tukey’s pair-wise comparison suggested that NT was
significantly better than the two non-native groups
(p<.0001) in their ability to discriminate the mid and low
tone contrast in Thai. More interestingly, the Tukey’s
analysis also revealed that NC’s discrimination ability was
superior to the NE listeners (p <.03). 

ISI 500 ms ISI 1500 ms
NT NE NC NT NE NC
62

(14)
36

(13)
42

(13)
60

(13)
36

(15)
42

(16)

Table 2. Mean % correct identification and Standard
Deviation (in parentheses) for pre-test in each ISI
condition for all three groups of listeners. 

3.2. Post-test
Percent correct discrimination scores for each ISI
condition for NE and NC is shown in Table 3. As can be
seen, NC listeners were able to correctly discriminate the
difference between the low and the mid tones in Thai more
often than NC. When these data were analyzed in a 2-way
mix-designed ANOVA with Language (NC vs. NE) as the
between subject factor and ISI (500 vs. 1500 ms) as the
within subject factor, a significant main effect of both
Language [F (1,94) = 27.92, p <.0001) and ISI [F (1,94) =
6.97, p<.009] was obtained. However, the interaction
between the two factors did not reach significance
[F(1,94)= 1.44, p >.23] Interestingly, a test of simple main
effect revealed that while the NC group performed
significantly better than NE in both ISI conditions, NC’s
performance was significantly better in the 1500 ms ISI
than the 500 ms ISI condition (p<.007). 

ISI 500 ms ISI 1500 ms
NE NC NE NC

32 (15) 44 (15) 34 (16) 50 (13)

Table 3. Mean % correct discrimination and Standard
Deviation (in parentheses) for post-test in each ISI
condition.

3.3. Difference between pre- and post-tests
Table 4 and 5 show mean percent correct discrimination
for the NE and NC groups for the pre-test and the post-test
for each ISI condition. A series of one-way ANOVAs was
performed to examine whether there was a significant
improvement from the pre-test to the post-test for the NE
and NC listeners. The analyses revealed that there was no
significant change in the NE’s performance from the pre-
test to the post-test. This was true for both ISI conditions.
On the other hand, a significant improvement was
observed for the NC listeners in the ISI 1500 condition
[F(1, 47) = 9.12, p <.002].
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4. Mean % correct discrimination and Standard
tion (in parentheses) during the pre- and post-tests
ch ISI condition for native English speakers.

NC
e500 Post500 Pre1500 Post1500
 (13) 44 (15) 42 (16) 50 (13)

5. Mean % correct discrimination and Standard
tion (in parentheses) during the pre- and post-tests
ch ISI condition for native Chinese speakers.

4. SUMMARY OF RESULTS
sults of the analyses presented here revealed that (a)
 Chinese listeners outperformed native English
rs in their ability to discriminate the difference
en the mid and the low tone in Thai both before and
he auditory training, (b) there was no effect of ISI
 the pre-test, however (c) there was an ISI effect
 the post-test, but only for NC listeners. That is, the
t discrimination score for the NC listeners was
icant better for the ISI 1500 condition than for the
00 condition. Most interestingly, (d) a significant
vement in the performance before and after the
ry training was observed only among native Chinese
rs for the 1500 ISI condition.  The NE group
d no improvement from the pre- to the post-test.

5. DISCUSSION 
ts obtained from this study indicated that, prior to the
tual training, the NC listeners were superior to the

isteners at discriminating the mid and low tone
st in Thai. This advantage was evident in both ISI

tions. If the view is taken that the two ISI conditions
ent two different levels of processing, namely
age-general (phonetic) vs. language-specific
ological) levels of processing, then this result
sts that native experience with a tone language has
tened sensitivity in tone discrimination among the
isteners at both levels. The ability to track F0
ment, direction or change at word level required to
minate among Chinese tones could have been
erred, thus accounting for the superior performance
 phonetic level (ISI 500 condition) of processing
g NC listeners. Moreover, unlike NE listeners, NC
rs also have access to phonological representations
es stored in their long-term memory. It is possible
ative Chinese listeners attempted to map the low and
id tones in Thai to one of the Chinese tones to aid
discrimination. While the mapping may not be
t, as implied by the lower score than NT listeners, it
ives them an advantage over the native English
rs whose long-term memory does not include
logical representation of tones. 
nding that there was no ISI effect during the pre-test



in either group of listeners is worth noting. This result is in
disagreement with that of Burnham et al. (1997) who
found that there was an ISI effect among native Australian
English listeners: unlike native Thai listeners, the subjects
in this group performed better in the ISI 500 condition
than in the ISI 1500 condition. If the view that an ISI
effect is an effect of phonetic vs. phonological processing
modes is taken (as in Burnham et al. 1997), then the lack
of an ISI effect in the pre-test suggests that the same level
of processing was used in both ISI conditions. It is not
clear, however, whether it is the phonetic or the
phonological level that is involved. Given the short period
of time needed to access lexical representation in semantic
priming studies [3], it is reasonable to assume that the
phonological level of processing was involved. The
question remains, however, as to why an ISI of 500 ms
would condition greater discrimination ability in one
group of non-native listeners (i.e., NE subjects in
Burnham et al. 1997) but not in another group (namely NE
subjects in this study).
An alternative explanation for the absence of an ISI effect
in this study can be offered, however. This explanation
leans toward the view that an ISI effect is an effect of
short-term memory and acoustic salience. For native
speakers of English, their poor performance at the ISI 500
condition may suggest that the acoustic cues they
extracted may not have been sufficiently salient to take
advantage of the relatively smaller load placed on the
working memory by the shorter ISI. A combination of the
lack of tone representation in long-term memory, the
ineffective extraction of cues and the decay of acoustic
cues detected contributed to their failure at longer ISI. For
NC listeners, while better than NE, subtle acoustic or
perceptual cues needed to differentiate between the two
tones may have also been insufficient for them to perform
well at the shorter ISI condition. Unlike NE, however, the
lack of one-to-one mapping between the low and the mid
tones in Thai and the Chinese tones may have been
responsible for their lack of success in the ISI 1500
condition. 
This explanation can also be extended to explain the most
interesting finding of an ISI effect found among the
Chinese listeners in the post-test. That is, after one week
of auditory training, while there was no difference in their
performance in the ISI 500 condition, native Chinese
performed significantly better in the ISI 1500 condition.
This result suggests that while the training did not improve
their ability to discern phonetic difference between the low
and the mid tones in Thai, it may have allowed them to
notice that the Thai tones did not perfectly match any of
the closest Chinese tones (the most likely candidates for
similar tones being Mandarin Tone 2 and Tone 3 or
Taiwanese mid-level and low-falling Tones). This, in turn,
led them to rely less on the existing Chinese tone
categories, and more on the new tone categories they were
trying to form. However, their relatively lower
performance in comparison to NT listeners suggests that a
week of perceptual training may be too short a time for the
formation of stable long-term representations for the two
new tones. Failure to improve among NE listeners, on the
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hand, suggests that after a week of training, they
 to both discern phonetic differences as well as to
ong-term representation of the two Thai tones.
this study, it is reasonable to conclude that a more
ive training would be required to train listeners from

-tone language background to achieve the same level
rformance as that of native speakers of a tone
age. This is because they have to, not only acquire
w skill of detecting acoustic and auditory properties
priate to differentiate among tones, a skill far more
ar to native listeners of a tone language, but also to
and incorporate tone representations in their long-

emory. On the other hand, native tone listeners can
n their existing tone system to guide their perception
 new tones, depending on similarities or differences
en the tone system of the native and that of the target
age. This explanation, in turn, implies that native
rs of a non-tone language may benefit more, at least

ly, from an auditory training in which a shorter ISI
500 ms) is used, while native speakers of a tone
age would benefit more from a perceptual training
a relatively longer ISI. With a shorter ISI, native

ers of a non-tone language have a better chance in
ing acoustic characteristics differences across tones
mportant basis for future formation of tone
entation) due to its lower demand on the working
ry and possibly its allowance for a language general
of processing. On the other hand, native speakers of
e language may benefit more from a comparison
en the acoustic characteristics of the target tones and
ng-term representation of the native tones. While this
que should prove effective for any tone contrasts to
ined, its effect may take longer to realize among
of tone contrasts that are acoustically and
tually similar (such as the low and the mid tone in

used in this study). In summary, findings from this
t study suggest that L1 background, ISI and training
on are important considerations in auditory
tual training design. These considerations are of

ular importance when such perceptual training is
orated into a second language classroom where
ts’ L1 background is diverse.
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