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ABSTRACT 

In previous studies in our laboratory using English speakers, 
voicing perception in plosive speech segments and 
temporal order perception in sinusoidal stimuli was 
examined. These studies revealed that although nonspeech 
signals accommodated well to the standard assumption of 
Gaussian densities for the perceptual effects of the stimuli, 
speech signals densities turned out to be non-Gaussian. 
This effect seems to be attached to low level mechanisms of 
perceptual processing and, therefore, it should be replicable 
across different languages. So, in this study we had Spanish 
speakers rating stimuli from a Ba-Pa continuum and from a 
two-tone continuum. The speech continuum was created by 
varying the VOT (voice-onset-time) in  10 ms steps. The 
nonspeech continuum was constructed by varying the 
asynchrony between a high tone of 1500 Hz and a low tone 
of 500 Hz. The data were analysed according to a 
generalised signal detection model allowing for unequal 
criterion variances. Results replicated those obtained with 
English speakers. This result might call for specialized 
mechanisms  in charge of speech perception. 

1. INTRODUCTION 

The inherent complexities of speech perception led early 
researchers to propose the existence of a speech module 
within the auditory system [1], that is, a domain specific 
and encapsulated array of subprocessors in charge of 
mapping acoustic events onto linguistic units. The seminal 
experimental work sustaining this idea was offered by 
Liberman and his colleagues in the fifties [2].  Liberman et 
al. found evidence of categorical perception for  synthetic 
speech stimuli, something that went against the standard 
psychophysical results for ordinary nonspeech sounds [3]. 
However, later experiments [4], [5] found categorical 
perception for stimuli other than speech and, therefore, 
categorical perception is no longer the psychophysical 
signature that points to the existence of a module. 

In the following three decades, different experimental data 
have been presented either to defend or to refute the idea of 
a speech processor. These include data with nonhuman 
animals [6], infants [7] and with speakers of different 
linguistic communities [8], [9]. New experimental 
phenomena such as trading relations [10], [11] and duplex 
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tion [12], [13] have also been invoked for supporters 
h alternatives.  It seems that there is a clear need of a 
t finding that could decide between the two 
atives. 

 previous studies an attempt was made to produce 
a finding [14], [15].  In these studies an improved 
 detection model (see below) was used in order to 
e the results of rating scales experiments using both 
 and nonsepeech stimuli. The experimental design 

ed for the estimation of signal and criterion 
eters (means and variances) for the stimuli. The most 

le finding was the failure of the signal detection 
l to fit the speech data. Further analyses indicated that 
lures could have been due to the gaussian assumption 
e signal (and/or criterion) densities. Nonspeech 
i always satisfied the gaussian assumption and 
ore the model provided good fits for such data. In 
nonspeech densities seem to be gaussian whereas 

h densities do not, indicating a clear difference 
en the processing of these two acoustic categories. 

ech signal densities are nongaussian, then it seems 
he differences between the coding of speech and 
eech  are attached to basic levels of perceptual 
ssing. This would suggest that the same result should 
r across languages. On many occasions 
language  research has been used to assess to what 
 performance is due to basic auditory processes or to 
stic knowledge. Finding similarities across languages 

to be interpreted as favoring a psycoacoustic 
ation of the problem under research. However, 
ing to the logic presented here, if the same effect is 

 across languages that will mean that the effect is 
d by early speech-specific processes, not by purely 
ry processes. This is so because such an effect 
s a difference between the processing of speech and 
eech. 

 in this study Spanish speakers were used as 
imental subjects. A speech Ba-Pa continuum and a 
eech two-tone analog were used as stimuli. English 
panish differ in the way they realize the Ba-Pa 
st. In Spanish the voicing contrast for consonants in 
 position is one between prevoiced consonants and 
ess nonaspirated consonants. In English, on the other 
it is one between voiced consonants and voiceless 
ted consonants. The two-tone analog tried to mimic 



the temporal order characteristics associated to the phonetic 
distinction under study. If speech signals are subjected to 
very basic specific processes (different to those available to 
nonspeech) the same pattern of results obtained with 
English speakers and reported in [14] should appear in this 
study using Spanish speakers. 

2. SIGNAL DETECTION MODEL 

Since we are interested in finding differences related to low 
levels of sensory processing the use of a signal detection 
model is in order. Precisely, signal detection models can 
differentiate these primitive levels of processing from more 
central decisional aspects of perception. Unfortunately, 
standard signal detection models present a serious 
limitation: although they permit unequal signal variances, 
they assume uniform (usually zero) criterion variances. To 
overcome this difficulty a model allowing for estimates of 
unequal criterion variances was formulated. As a matter of 
fact, the model is formally identical to that proposed by 
Thurstone during the thirties and forties in the last century. 
Rosner [16] found numerical solutions for the basic 
equation of the model. 

Although the model was briefly presented elsewhere [14], 
[15] and fully explained in Rosner [16], its main features 
will be presented here for the sake of completeness. The 
model first assumes that a single presentation of a stimulus 
Si produces a particular impression on the decision axis. 
Across presentations of Si the sensorial values vary 
randomly. It is assumed that the probability density 
associated to the stimulus is Gaussian, so it is described by 
its mean and its variance. If we have n different stimuli, we 
have n such densities. Second, it is assumed that subjects 
will activate m-1 criteria if they are to classify the n stimuli 
in m categories. The position of each boundary or criterion 
varies across trials, projecting a Gaussian density on the 
decision axis. Again, these densities are completely 
described by their means and variances. 

Thurstone´s Law of Categorical Judgement is an equation 
relating subjects´ judgements with means and variances of 
both signal and criterion densities. The basic equation is 
this: 

                          Zig=(µcg-µsi)/(σ2
cg+σ2

si)1/2                       (1) 

This is what has been called by Torgerson Condition A of 
the Law of Categorical Judgement, where Zig is the inverse 
of the unit normal distribution corresponding to the 
probability that stimulus Si was placed in or below category 
g. 

3. METHOD 

Two different acoustic continua were used, one speech 
continuum and one nonspeech continuum. 

A Ba-Pa continuum was used for speech. It was created by 
varying the VOT (voice onset time) in 10 ms steps. The 
continuum ranged from –35 ms to +55 ms of VOT. This 
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ce perceptual boundaries in this continuum at about 
 [8]. 

onspeech analog was a two tone continuum similar to 
ne employed by Pisoni [5]. The continuum was 
ated by varying the asynchrony between a high tone 
00 Hz and a low tone of 500 Hz. The continuum 
d, again, from –35 ms (low tone leading) to +55 ms 
tone leading) in 10 ms steps. 

panish (Castilian) monolingual subjects participated 
 experiments. Subjects had to identify the stimuli (Ba 
 high tone first or low tone first) following a rating 
procedure. They first decided to which category a 
 stimulus was more likely to belong; then they had to 
te how well that stimuli fit in the chosen category in a 
oint scale.  

continua consisted of 10 stimuli and we collected 150 
ments per stimuli. 

4. RESULTS AND CONCLUSIONS 

e did in [14] and [15] we tried to estimate a set of 
eters that could predict the performance of subjects in 
a-Pa and in the two tone continuum. Our results 
ated those obtained with English speakers: although 
d find acceptable solutions to the Thurstonian model 
e two tone nonspeech continuum, we systematically 
 with the Ba-Pa speech continuum.  

er to figure out the causes of such a failure of the 
l with the speech signals we repeated the analyses 
taken in [14] and [15], this time for our Spanish 
ts. Thus we plotted standardized psychometric 
ons for each subject. The functions turned out to be 
near. Despite being standardized they showed a clear 
id form. There are three only possible reasons for this 
me: a) stimuli are not equally spaced on the decision 
) signal densities have different variances or c) signal 
ies are not gaussian. It should be remembered that the 
ved signal detection model we used allowed for a) 
). So the lack of fit of speech can not be attributed to 
factors. Therefore, since the only explanation left is c), 

s that a solution to speech judgements was not found 
se speech signal densities are not gaussian. The shape 
 standardized psychometric functions suggest that 
 densities might be leptokurtic.  

esult seems to contradict previous claims about the 
elationship between  voicing perception and temporal 
resolution of the auditory system [4], [5]. According 
 view voicing judgements should be constrained by 

scriminability of differences in temporal order of the 
onent events at stimulus onset. It must be highlighted 
ther studies have seriouly questioned such a view. For 
ce, the work undertaken by Kewley-Port and 
gues [17] provide strong experimental data that 
te a relative independence between the temporal 



acuity of the peripheral auditory system and  the location of 
category boundaries in speech (a VOT continuum) and 
nonspeech (a noise-lead-time continuum).  

In the present study a clear difference in perceptual 
judgments for temporal order for speech and nonspeech has 
been found. This difference, obtained with Spanish 
speakers, mimics that found with the same kind of stimuli 
but using English speakers, despite the phonological 
differences that exist between these two languages as for 
the voicing feature. This seems to imply that we have 
uncovered a very basic difference between speech and 
nonspeech processing. Therefore, it is reasonable to 
advance the hypothesis that the failure of our model for 
fitting the speech data is more likely linked to the shape of 
the signal densities than to the shape of the criterion 
densities. If so, this finding would support a modular view 
of speech perception. 

Defending a modular view of speech processes does not 
imply a defense of a motor theory of speech processing  
such as the one advance by Liberman and Mattingly [1]. 
The module could work on the basis of specialized auditory 
processes rather than on the basis of high level neural 
representations of articulatory processes [18], [19].  Our 
data seem to favor the idea of speech module defined as an 
auditory specialization. The fact that leptokurtic 
distributions are found for speech in two different 
languages might indicate that the reason for it must be 
found in the common auditory processes that both set of 
speakers share and not in articulatory representations in 
which they could presumably differ. 
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