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ABSTRACT

This paper extends a previous study of the perceptual
acquisition of Thai stop voicing by native speakers of
English, which found that subjects performed better on
contrasts in voicing lead than lag. This finding, surprising in
light of earlier cross-linguistic VOT research, was attributed
to properties of the task employed. The present study further
investigated possible task effects by examining the
discrimination and categorization of the same stimuli in
various experimental conditions. Stimulus effects were also
investigated by performing token-based analyses of the
results, and by comparing them to acoustic properties of the
tokens. The outcome of the discrimination experiment was the
opposite of the earlier study, with significantly better
performance on contrasts in voicing lag than lead.
Interestingly, discrimination and categorization of the
shortÐlag stops indicates that the alveolars are perceived as
more "voiceless" than the labials, which is only partially
reducible to VOT differences.  

1.  INTRODUCTION
Curtin, Goad, and Pater [1] studied English speakers'
perception of the Thai three-way stop voicing distinction (e.g.
/b-p-ph/) by teaching subjects a set of 18 Thai words. In a
picture selection task adapted from Brown [2], subjects then
chose between pictures on the basis of an aurally presented
word. When English speakers were faced with a choice
between pictures that corresponded to minimal pairs differing
in voicing lead (/b-p/ or /d-t/), the mean proportion of correct
responses was .80, averaged across testing times.  When the
members of the minimal pair differed in voicing lag (/p-ph/ or /t-
th/), the subjects scored .64 correct overall.

The relatively high proportion correct on the prevoicing
contrast is surprising in light of the large body of research that
shows that English speakers label synthetic VOT stimuli as
'b' in the region called /p/ by Thai speakers, and that their
discrimination is much worse in the /b/ to /p/ than the /p/ to
/ph/ range [3]. Since the word-initial English voicing contrast
seems to line up much more closely with the Thai lag than lead
distinction, one would likely have predicted that English
speakers should discriminate the lag contrast better.  

Curtin et al. suggest that this divergence in outcomes i s
attributable to differences between the picture selection task
that they used and the phoneme identification and
discrimination tasks used in cross-linguistic VOT research.
Specifically, they point to the fact that successful performance
of only the picture selection task requires lexical access, and
argue that absence of an aspiration feature from lexical
representations [4] explains the relatively poor discrimination
of the lag distinction. They note that stimulus differences may
also be at issue, since they used natural as opposed to
synthetic stimuli, but contend that task differences are the

primary factor. This interpretation is supported by results from
an ABX task performed by the same subjects, which used the
same natural stimuli, but did not require lexical access. In this
task, voicing lag contrasts were discriminated slightly better
than voicing lead (overall mean proportion correct: .80 vs.
.75).

To better understand the contributions of task and
stimulus properties to this pattern of results, we ran two new
experiments. The first aimed to replicate Curtin et al.'s study,
using the same stimuli, with tasks that differed from one
another in whether they required lexical access. The main
methodological change from Curtin et al. was that the tasks
were modified to bring them as close together as possible in
terms of their demands on the subjects, so that they differed
only in the lexical access requirement. The second experiment
was of the categorization type employed by Abramson and
Lisker [3], in which subjects were asked to label stops with
their native language categories. Since the stimuli were again
those used in Curtin et al., this experiment allows a relatively
direct examination of task and stimulus effects.  In addition,
VOT measurements were performed on the stimuli, which were
compared to the results of the categorization experiment.

2.  DISCRIMINATION EXPERIMENT

2.1.  Method
2.1.1 Subjects. The subjects were 8 native speakers of
Canadian English, of university age, with no exposure to a
second language beyond high school French or German, and
no linguistics training. They were recruited through response
to posted advertisements, and were paid $20 each for their
participation.  

2.1.2.  Stimuli. The aural stimuli consisted of a set of 18 Thai
words recorded from 4 speakers of standard Bangkok Thai;
recording details are provided in Curtin et al. Three tokens,
each from a different speaker, were selected for each word for
the Curtin et al. study, and were also used here. The 18 words
were made up of 6 sets of 3 monosyllabic words differing only
in the voicing of the initial consonant. Half of the initial
consonants were alveolars and half labials, and half of the
words had low tone and half mid.
 The aural stimuli were paired with pictures of objects for
presentation to the subjects (these pictures did not depict the
original Thai meanings). Representative sound-meaning
pairings are provided in (1).

(1) a. b�t (flower) p�t (car)     ph�t (dog)
b. dam  (hat)    tam  (horse)     tham  (train)

2.1.3. Training. Training and testing took place over two
consecutive days, lasting about one hour a day. All stimulus
presentation and data collection was performed using
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PsyScope 1.2 [5] on a Macintosh computer. Aural stimuli were
converted from 44.1 kHz/16 bit digital format to analog using
an external Lucid ADA 1000 converter, were amplified using a
Rotel RA-970BX amplifier, and were presented to the subject
at a comfortable listening volume over Sony DR-S3
headphones. Visual stimuli were presented on a 17" color
monitor about two feet away from the subject.

In the first day, subjects were taught the meanings of the
words through repeated exposure to simultaneously presented
sound-picture pairs. The training was interpersed with tests in
which subjects had to indicate if a presented sound-meaning
pairing was correct. They were given immediate feedback on
the correctness of the answer, and the sound matching the
picture was repeated after each of these test trials. Minimal
pairs were kept as far apart as possible, and the amount of
exposure was held constant across subjects and stimuli.

Before the actual testing phase began on the second day,
subjects performed a shortened version of the training
procedure as a review.

2.1.4. Testing. Three discrimination tasks were administered
in random order, followed by a categorization task to be
described in section 3 below. The discrimination tasks were
all of the form XAB, where the subject has to decide whether
'X' matches either 'A' or 'B'. Tasks varied only in whether the
stimuli making up 'X', 'A', and 'B' were sounds or pictures. In
all cases the stimuli were presented sequentially, with 1500
ms. from the beginning of X to the beginning of A, and 1250
ms. from the beginning of A to the beginning of B. Pictures
were presented for 1000 ms. The combinations of sounds and
pictures used in each task are given in (2), along with task
names.

(2) 3 XAB Tasks
Sound Sound Sound (SSS)
Sound Picture Picture (SPP)
Picture Sound Sound (PSS)

The tasks with pictures (SPP and PSS) require lexical access
for successful completion, and are in this way parallel to the
picture selection task used in Curtin et al. They differ in that
their demands are closer to the sound-only SSS task than the
picture selection task would be, since it presented aural and
visual stimuli simultaneously. In each task, there were 72
trials in which A and B were members of a minimal pair, plus
54 foils in which A and B were not in a minimal pair
relationship. The foils were included not only as distractors,
but also as a measure of task difficulty, and of knowledge of the
sound-meaning pairings. All 126 trials were presented in
random order.

In (3), the structure of the minimal pair trials for the
representative set given in (1a.) is provided.

(3)      X    A     B
a. b�t        b�t   p�t (LEAD)
b. p�t   p�t   b�t (LEAD)
c. ph�t   p�t   ph�t (LAG)
d. p�t   ph�t   p�t (LAG)
e. ph�t   dam  ph�t (FOIL)

Trials like (3a.) and (3b.) test subjects' ability to discriminate
the voicing lead contrast, while (3c.) and (3d.) test their

knowledge of the voicing lag distinction. The location of the
match for X was balanced between A and B within all trial
types. Example (3e.) illustrates a foil trial. For tasks involving
sounds, each of the words was spoken by a different speaker.
Trials were each presented once in random order.

2.2. Results  
Table 1. presents the group mean proportion correct and
standard deviations for the voicing lead contrast trials
(LEAD), the voicing lag contrast trials (LAG), and the foils
(FOIL) in each of the three tasks.

SSS SPP PSS

LEAD 0.69
(0.15)

0.50
(0.07)

0.68
(0.14)

LAG 0.84
(0.13)

0.54
(0.08)

0.83
(0.09)

FOIL 0.96
(0.04)

0.97
(0.05)

0.97
(0.03)

Table 1. Overall results

The high scores on the foils indicate that the subjects had
learned the meanings of the words, and were capable of
performing all of the tasks. However, when the pictures in the
SPP task represented words in a minimal pair relationship,
subjects performed only at chance. This occurred consistently
across subjects (note the relatively low SD's), and across all
types of tokens. We have no explanation for this outcome, and
leave the results for this task out of all subsequent analyses.
 In the remaining tasks, we find that subjects performed
significantly better on the voicing lag distinction than on
voicing lead. An analysis of variance was performed with three
within-subject factors: voicing contrast (lead vs. lag), place of
articulation (alveolar vs. labial), and task (SSS vs. PSS). The
analysis showed a significant main effect only for  voicing
contrast (F1(1,7) = 8.624, p<.025, by subject; F2(1,143) =
21.647, p<.0002, by item). There was also a significant two-
way place by contrast interaction (F1(1,7) = 14.517, p<.007 by
subject; F2(1,143) = 24.842, p<.0002, by item). No other even
marginally significant main effects or interactions were
observed. Thus, in both the task that requires lexical access
(PSS) and the one that does not (SSS), lag voicing i s
discriminated better than lead.

The place by contrast interaction detected by the
ANOVA is evident in the means in Table 2, which separates
the trials according to place of articulation. Within the
alveolars, there is little difference between the lead and lag
voicing contrasts, whereas there is an especially marked
difference between discrimination of lead and lag voicing
contrasts on labials.

ALVEOLAR LABIAL

SSS PSS SSS PSS

LEAD 0.76
(0.19)

0.76
(0.19)

0.63
(0.11)

0.60
(0.13)

LAG 0.78
(0.09)

0.73
(0.13)

0.92
(0.04)

0.92
(0.08)

Table 2. Results for SSS and PSS tasks according to place
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Considering the results within each type of voicing contrast,
there are placeÐrelated differences: discrimination of the lead
voicing contrast is better in alveolars than labials, while
discrimination of the lag voicing contrast is better in labials.
Simple effects tests show that within voicing lead contrast
trials, there was a significant main effect for place
(F1(1,7)=5.7708, p<.05 by subject;  F2(1,71)=8.710, p<.0006
by item). There was also a significant main effect for place
within voicing-lag contrast trials, (F1(1,7)= 22.14 p<.003 by
subject;  F2(1,71)=17.81, p<.0002, by item).

One might infer from these discrimination results that the
short-lag alveolar stops are perceived as relatively "voiceless",
so that they are discriminated more easily from  prevoiced
stops, and with more difficulty from aspirated ones. This
interpretation can be tested by examining the categorization
results in the next section.

3.  CATEGORIZATION EXPERIMENT

3.1.  Method
3.1.1 Subjects. The subjects in group 1 were 10 native
speakers of Canadian English, of university age, with no
exposure to a second language beyond high school French or
German, and no linguistics training. They were recruited
through word of mouth, and were paid $10 for their
participation. The subjects in group 2 were 7 of the subjects in
the discrimination experiment above, who participated in this
experiment immediately following the previous one (one
subject was not tested due to experimenter error).  

3.1.2.  Stimuli. The aural stimuli were the 54 tokens used in
the discrimination experiment above.

3.1.3. Training. Subjects in group 1 had no exposure to the
stimuli before the testing phase. Subjects in group 2 were
exposed to the stimuli in the training and testing sessions
described in 2.1.3. and 2.1.4.  

3.1.4. Testing. The alveolar- and labial-initial words were
presented in separate blocks. In the alveolar block, subjects
were asked to identify the initial consonant of the words as
English 't' or 'd', and in the labial block they were given the
choice between 'p' and 'b'. Within each block the tokens were
presented in random order; the ordering of the blocks was
counterbalanced across subjects. For Group 1 each of the
tokens was presented 3 times; due to time constraints, Group
2 judged each token only twice.

3.2 Results
Table 3 presents the results of the categorization task in terms
of the proportion of voiced responses, averaged across
subjects in each group, and across tokens of each voicing and
place type. Mean voice onset time (VOT) for each type of stop
is also indicated in ms. VOT was measured by independent
inspection of waveform and spectrographic displays by
authors JP and WW, and subsequent consultation to resolve
differences. While we are reasonably confident about the
accuracy of these measurements, we note that there was
occasionally some ambiguity in where the onset of voicing
occurred in the shortÐlag stops. Standard deviations in table 3
indicate variance across tokens.

GROUP
1

GROUP
2 VOT

LAB 0.99
(0.02)

0.98
(0.05)

-95.03
(17.27)PREVOICED

ALV 0.99
(0.02)

0.98
(0.05)

-82.66
(18.10)

LAB 0.78
(0.21)

0.84
(0.26)

+7.39
(4.38)SHORT-LAG

ALV 0.40
(0.22)

0.41
(0.25)

+11.29
(3.74)

LAB 0.01
(0.02)

0.02
(0.04)

+70.90
(10.83)ASPIRATED

ALV 0.03
(0.03)

0.00
(0.00)

+71.24
(13.50)

Table 3. Proportion categorized as "voiced" and VOT
   
Unsurprisingly, the prevoiced stops are almost always
identified as voiced 'b' or 'd', while the aspirated stops very
rarely are. In the case of the short-lag stops, the labials behave
as might be expected from research on the perception of
synthetic VOT continua. The VOT of these stops is within the
range of synthetic stimuli usually labeled as 'b' by English
speakers, and these natural stimuli are predominantly
categorized as such. The alveolars, however, are most often
identified as voiceless 't'. Paired one-tailed t-tests by subjects
find the labial/alveolar difference to be highly significant for
both groups (Group 1: t(9) = 6.52, p < .0001; Group 2: t(6) =
3.89, p < .005),  as do one-tailed t-tests by items (Group 1 :
t(16) = 3.71, p < .002; Group 2: t(16) = 3.52, p < .002).

The longer VOT's of the alveolars appear to be only
partially responsible for these results. A simple regression
analysis with VOT and proportion of voiced responses as
factors finds only a moderate negative correlation (r = -.348,
F(1,34) = 4.70, p < .04). Figure 1 plots the categorization
results for both Group 1 and Group 2 against VOT.

Figure 1. Categorization vs. VOT of short-lag stops

As Figure 1 includes data points for both groups, there are
twice as many points as short-lag tokens. This small number of
tokens precludes detailed exploration of the relationship
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between acoustic cues and the listeners' judgements, but
preliminary analysis of a number of candidate cues failed to
reveal any strong relationships. Impressionistically, however,
the alveolars seem to be characterized by a greater degree of
"abrupt onset" (cf. [6]) than the labials.

4. CONCLUSION
This study set out to ascertain the relative contributions of
task and stimulus effects to the divergence of Curtin et al.'s
results from those of earlier VOT perception research.
However, the outcome of an attempt to replicate those results
was itself quite convergent with the synthetic VOT research.
Discrimination was significantly more accurate for the voicing
lag than the voicing lead distinction, the opposite of Curtin et
al.'s finding of better performance on the latter contrast, even
though the stimuli used in the experiments were identical. We
also failed to replicate the difference in voicing discrimination
between tasks that require or do not require lexical access (i.e.
picture selection and ABX); the results of the PSS and SSS
tasks here are remarkably uniform. The degraded performance
on the SPP task involving minimal pairs is puzzling, but i t
does not speak to this issue, as discrimination of neither the
voicing lead nor lag contrasts rose above chance.

We did uncover stimulus effects that were consistent
across tasks and across groups of subjects. In both the
discrimination and categorization tasks, the alveolar
shortÐlag stops seem to be consistently perceived as more
voiceless than the labials. This finding held for both the
trained and untrained listeners in the categorization
experiment. Moreover, the same place-related difference in
voicing discrimination, though slightly less robust, was also
reported for the subjects in the Curtin et al. study [7]. The fact
that this stimulus effect does not seem to be explicable in terms
of VOT alone suggests that other voicing cues might play a
role in English speakers' categorization of Thai shortÐlag
stops, or that some other voicing/place interaction is involved
in judgements. In ongoing research, we are examining the
behavior of a range of natural Thai stimuli, as well as synthetic
tokens, in the discrimination and categorization experiments
described above. Hopefully, this will shed further light on
both task and stimulus effects in this domain.
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