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Auditory discrimination in female adolescents varying in 
schizotypal features: Preliminary findings
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Abstract

 

Earlier experiments have suggested impaired auditory perception in patients with schizophrenia.
The purpose of the present study was to investigate auditory discrimination in young adults varying
in schizotypal features. Three hundred and forty-nine female adolescent subjects were rated with
the Schizotypal Personality Questionnaire (SPQ) and the Perceptual Aberration Scale (PAS) and
with questions from the Chinese Health Questionnaire (CHQ) that address non-psychotic, psy-
chological status of the subjects. Sixty-one subjects were selected to participate in an auditory
detection and discrimination task, with 20 subjects each with low and high, and 21 subjects with
intermediate, SPQ scores. The sensitivity in auditory discrimination and the response bias were
computed, using signal detection theory. The results show that the ratings of the subjects in the
three questionnaires correlate with one another and that subjects with higher SPQ scores appear
to perform worse in auditory discrimination. The impaired performance occurs for most of the
signal-to-noise ratios. Taken together, these preliminary findings are consistent with earlier studies
demonstrating impaired auditory processing in schizophrenia patients. In contrast, the significant
correlation between both the SPQ and PAS scores and the CHQ score suggests that further studies
are required to rule out the effect of non-psychotic factors such as anxiety on the current results.
Second, the three groups of subjects did not differ in the response bias. This latter finding provides
evidence at odds with the ‘self-monitoring’ model of auditory hallucination.
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INTRODUCTION

 

Schizophrenia patients are impaired in perceptual as
well as in cognitive functions. Many studies have dem-
onstrated a deficit in auditory perception

 

1–3

 

 and in
auditory attention

 

2,4–7

 

 consistent with the findings of
structural pathology in the temporal association cortex
in patients with schizophrenia.

 

8–11

 

 It has also been

shown that, compared to normal subjects, people with
schizotypal traits are impaired in a variety of attention
tasks

 

12–19

 

 and in auditory information processing.

 

20–22

 

For instance, using a Continuous Performance Test
(CPT), Chen 

 

et al.

 

 found that a poor CPT performance
was associated with schizotypy measured by Percep-
tual Aberration Scale (PAS) and the Schizotypal
Personality Questionnaire (SPQ) in the general popu-
lation.

 

12

 

 While these studies explore attention and
auditory information processing as independent func-
tional modules, a psychophysical model based on the-
ories of signal detection provides a unified perspective
where the two functions can be examined together.

 

23,24

 

Indeed, a more recent study shows that patients with
schizophrenia have shallower psychometric functions
in auditory detection and discrimination, which in turn
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can result from a deficit in auditory attention.

 

25

 

 Follow-
ing up on this earlier experiment, the present study
investigates whether adolescents varying in schizotypal
features differ in their performance in auditory dis-
crimination. and furthermore, if a difference does exist,
whether it exhibits a similar pattern as has been
observed between schizophrenia patients and normal
subjects. In particular, we examine whether subjects
with higher schizotypy would demonstrate an altered
psychometric function that would implicate a deficit in
perceptual attention.

A concurrent objective of the present study is to
address whether subjects differing in schizotypal fea-
tures would also display different response bias in this
perceptual task. This result can be relevant to the
‘self-monitoring’ model of auditory hallucination,
which postulates that a defective mechanism in inte-
grating corollary discharge and self-generated signals
(as involved in subvocal speech or auditory imagery)
lead to this aberrant perceptual experience.

 

26,27

 

 Sup-
port for the model based on psychophysical studies
examining response bias of schizophrenia patients in
perceptual signal detection has been mixed.

 

25,28–36

 

Employing signal detection theory and methodology,
the current experiment allows us to compute not
only auditory discrimination sensitivity but also the
response bias. Therefore, we are able to examine
whether adolescents differing in schizotypal features
also vary in their response propensity in detecting an
auditory signal.

 

METHODS

Subjects

 

Three hundred and forty-nine female adolescents from
the Chang Gung Institute of Nursing, ages 16–18 years,
participated in the initial screening for schizotypal fea-
tures with a Chinese version of SPQ and PAS.

 

12,37,38

 

 In
this questionnaire, 74 questions from the SPQ and 35
questions from the PAS are intermixed with 12 ques-
tions (Chinese Health Questionnaire, CHQ) about
non-psychotic status of the subjects.

 

12

 

 The 12 questions
essentially serve as a negative control, while the SPQ
and PAS questions measure various features of schizo-
typy. Twenty or 21 subjects each of the highest, middle
and lowest SPQ scores were paid to further participate
in the auditory test. None of these 61 subjects had a
history of neurological insult or of use of illicit sub-
stance. None of them had history of hearing difficulties,
nor did they report any hearing problems at the time
of experiments. We obtained informed, written consent
from all of the subjects before the experiment was
conducted.

 

Experimental setups and procedures

 

The experiments were carried out on a PowerBook
computer (Apple). Auditory signals were created with

 

SOUNDEDIT

 

 16, version 2 (Macromedia), and experi-
mental procedures were automated by a program. In
the experiment, the subjects listened through a headset
to a ‘sound strip’, 1.8 s in duration (Fig. 1). In a ‘signal’
trial, this consisted of 0.6 s of white noise (approxi-
mately 65 dB, sound pressure level), a second 0.6 s of a
signal (‘

 

nee-hao

 

’ or ‘

 

hao-ma

 

’, of variable intensity)
superimposed on the white noise, and a third 0.6 s of
white noise. ‘

 

Nee-hao

 

’ and ‘

 

hao-ma

 

’ means ‘How are
you?’ and ‘Is it all-right?’, respectively, in Mandarin.
We used these short phrases rather than some pure
tones in this perceptual task in order to capture some
aspect of semantics in auditory perception.

 

25

 

 A ‘noise’
trial consists of 1.8 s of white noise. At the end of the
presentation the subjects had to judge the presence or
absence of a signal over the middle 0.6 s. They also
rated their confidence level about the judgment, and,
if a signal was detected, further decided whether it was
a ‘

 

nee-hao

 

’ or ‘

 

hao-ma

 

.’ All subjects were allowed their
own pace on the task, although they were often quick
with their decisions. Each experiment consisted of 800
trials, half of which contained only noise inputs. Of the
400 trials containing a signal, the signal-to-noise (SNR;
amplitude) ratio varied from 3% to 30% at intervals
of 3% with 40 trials repeated for each SNR. All trials
were pseudo-randomized in presentation.

The subjects were given a demonstration of the two
signals prior to the experiment. Each subject was then
led through a trial and was instructed how to rate his
or her confidence: ‘If you are absolutely or very sure
that there is a signal in the middle third of the sound
strip, choose level 3; if you are mostly but not abso-
lutely sure, pick level 2; finally, if you think there might
be a signal in the sound strip, but not without doubt,
pick level 1’. Instructions as to confidence ratings for a
‘no’ judgment went vice versa. The subjects were then
given a test run of 30 trials, half of which contained a
signal, and were asked if they had questions regarding
the task before they proceeded to the experiment
proper. Feedback was given for the test run but not
during the experiment. A 1-min break was imposed
every 100 trials. All of the subjects completed the 800-
trial task in one session, which lasted approximately
90 min.

 

RESULTS

 

The SPQ score ranged from 7 to 61 with a mean of
31.9

 

±

 

11.5, the PAS score ranged from 0 to 28 with a
mean of 8.1

 

±

 

5.9, and the CHQ score ranged from 1 to
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11 with a mean of 5.3

 

±

 

2.1, across the entire sample.
Figure 2 shows a linear regression of the SPQ and PAS
scores for all 349 subjects. The two scores are signifi-
cantly correlated (

 

r

 

2

 

=

 

0.289, 

 

P

 

=

 

0.000). In contrast, the
SPQ and CHQ (

 

r

 

2

 

=

 

0.272, 

 

P

 

=

 

0.000) and the PAS and
CHQ (

 

r

 

2

 

=

 

0.241, 

 

P

 

=

 

0.000) scores are both significantly
correlated, although the strength of correlation is
slightly less than that between SPQ and PAS. Sixty-one
subjects were selected on the basis of their SPQ scores
to participate in the auditory task. The ‘low’ group
(

 

n

 

=

 

20) had a mean SPQ score of 10.6

 

±

 

1.8 (7–13), a
mean PAS score of 2.8

 

±

 

2.1 (0–8) and a mean CHQ
score of 3.9

 

±

 

1.7. The ‘middle’ group (

 

n

 

=

 

21) had a
mean SPQ score of 32.0

 

±

 

0.7 (31–33), a mean PAS
score of 8.4

 

±

 

6.1 (3–20) and a mean CHQ score of
5.3

 

±

 

1.6. The ‘high’ group (

 

n

 

=

 

20) had a mean SPQ
score of 54.6

 

±

 

2.9 (51–61), a mean PAS score of
15.1

 

±

 

7.9 (3–28) and a mean CHQ score of 7.7

 

±

 

2.0.
The three groups differed in all of the three scores
(

 

P

 

<

 

0.001, one-way 

 

ANOVA

 

), with the difference going
in the same direction: the higher any of the three scores
was, the higher the other two scores were.

The discrimination sensitivity and detection
response bias were computed based on signal detec-

 

Figure 1.

 

Auditory discrimination task. Each trial consisted of three segments, each lasting 0.6 s. In half of the trials, the middle
segment contained a signal, as shown here. The signal-to-noise ratio (SNR) varied from trial to trial. The subject first made a
detection judgment and then rated their confidence in the judgment. When a signal was detected, the subject further decided
whether a ‘

 

nee-hao

 

’ or a ‘

 

hao-ma

 

’ was present.

 

Figure 2.

 

Correlation of Schizotypal Personality Question-
naire (SPQ) and Perceptual Aberration Scale (PAS) scores
across the entire sample of subjects. Each data point repre-
sents an individual.
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tion theory.

 

39,40

 

 Repeated measures 

 

ANOVA

 

 using
generalized linear models with the two signals and
the SNR as the within-subject variables and the
group as the between-subject variable was per-
formed to examine for a difference in discrimination
sensitivity in the three groups of subjects. The
results show that there is a significant difference
between the SNR (

 

P

 

=

 

0.000) and between the two
signals (

 

P

 

=

 

0.000), with the discrimination sensitivity
for ‘

 

hao-ma

 

’ being higher than that for ‘

 

nee-hao

 

’.
Moreover, there is a significant interaction between
the two within-subject variables (

 

P

 

=

 

0.000), which is
largely reflected in the steeper slope in the psycho-
metric function for ‘

 

hao-ma

 

’ than for ‘

 

nee-hao

 

’. In
contrast, there is no difference in discrimination
sensitivity between the three groups (

 

P

 

=

 

0.130).
Figure 3 plots discrimination sensitivity of the two
signals against SNR for the three groups of subjects,
respectively.

Because the auditory discrimination appeared to dif-
fer between the two signals, we separated the results
for the two signals and performed the repeated mea-
sures 

 

ANOVA

 

 with SNR as the within-subject variable
and the group as the between-subject variable, for each
of two signals. The results showed that, for ‘

 

hao-ma

 

’,
there is no difference in discrimination sensitivity
between the three groups (

 

P

 

=

 

0.367), nor was there
any significant group and SNR interaction (

 

P

 

=

 

0.465).
For ‘

 

nee-hao

 

’, the difference in discrimination sensitiv-
ity between the three groups was close to significance
(

 

P

 

=

 

0.060), but there was no significant group and SNR

interaction (

 

P

 

=

 

0.455). Those subjects with high SPQ
scores performed worse than those with middle and
low scores.

A response bias in terms of the root mean square
(RMS) standard deviation of the noise distribution was
computed for each individual subject.

 

39

 

 Figure 4 plots
the group means. A one-way analysis of variance with
group as the factor showed that there was no difference

 

Figure 3.

 

Psychometric functions of the discrimination sensitivity for (a) ‘

 

hao-ma

 

’ and (b) ‘

 

nee-hao

 

’ for subjects with low (

 

�

 

),
middle (

 

▲

 

) and high (

 

✦

 

) Schizotypal Personality Questionnaire (SPQ) scores. See text for further explanation and statistics.

(a) (b)

 

Figure 4.

 

Average response biases (with standard devia-
tions) in the detection task for the three subject groups. Data
were collapsed across all signal-to-noise ratios (SNR) for
each subject. A more negative value indicates a higher bias
in the auditory perceptual decision.
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between the three groups with different SPQ scores
(

 

P

 

=

 

0.396).

 

DISCUSSION

Schizotypy and auditory discrimination

 

The significant correlation between SPQ and PAS
scores in our subject sample reflects some success in
the screening for schizotypy in this population. The
result validates varying degrees of schizotypy in our
subject sample. The preliminary results from the anal-
ysis of variance suggest that the subjects with higher
schizotypy are impaired in auditory discrimination,
when compared to those with lower schizotypy. The
fact that a negative finding was observed for the signal
‘

 

hao-ma

 

’ is hard to explain. The mechanics of this
sound signal in the current set-up probably has such
an effect on its discriminability that it limits the differ-
entiability in the subjects’ performance. To the extent
that the difference between groups in the discrimina-
tion of the ‘

 

nee-hao

 

’ signal is close to statistical signif-
icance, this preliminary result is consistent with
previous studies demonstrating deficits in auditory
detection

 

41–43

 

 and phonemic discrimination

 

1,44

 

 in
patients with schizophrenia. This finding suggests that
the SPQ and PAS scores indeed capture some dimen-
sions of psychopathology intrinsic to the schizo-
phrenic disorders.

In contrast, the significant correlation between both
the SPQ and PAS scores and the CHQ score suggests
that this result to a degree may be confounded by other
non-psychotic, psychological factors. For instance, anx-
iety or excessive concern about one’s health could be
such a component. Interestingly enough, the psycho-
metric functions of these ‘schizotypal’ subjects do not
appear to have a flatter slope, as we have observed for
patients in schizophrenia in a previous study.

 

25

 

 Their
auditory discrimination sensitivity appears to be worse
than that of those with lower schizotypal scores at all
except the lowest SNR. This result suggests that the
impairment in auditory discrimination in subjects with
schizotypal traits could involve a mechanism different
from that implicated in schizophrenia – a mechanism
that may not be directly related to perceptual atten-
tion, at least not as have been conceived by the theories
of perceptual signal detection.

 

23,24

 

 A recent study shows
that the anxiety component of schizotypy, more than
the perceptual disorganization component, accounts
for the attentional dysfunction in high schizotypals, as
measured by the magnitude of disruption in a latent
inhibition task.

 

45

 

 Although mostly speculative at this
point, we are also tempted to propose that the impair-
ment in auditory discrimination observed for the sub-

jects with high SPQ (and PAS, as well as CHQ) score
in the current study may to a certain extent be attrib-
uted to a non-psychotic factor such as anxiety. Further
studies with a larger number of subjects are required
to determine whether psychotic tendency or schizotypy
contributes to perceptual attention dysfunction. An
important question along the line is that, if it does,
whether its effect is independent of non-psychotic fac-
tors such as anxiety. A sufficiently large sample of sub-
jects perhaps might allow us to determine a cut-off on
the schizotypal scores that can directly relate to an
impairment in auditory perceptual functions. Addi-
tional experiments investigating auditory discrimina-
tion in patients with anxiety disorders with this
behavioral task may also contribute to our understand-
ing of this issue.

 

Schizotypy and response bias

 

The current results also showed that patients with vary-
ing degrees of schizotypy did not differ from each other
with respect to response bias in the detection of audi-
tory signals. This finding is in agreement with previous
studies that demonstrated a similar response bias in
perceptual signal detection in schizophrenics, as com-
pared to healthy controls

 

25

 

 and in community subjects
with varying schizotypal features.12 It extends the pre-
vious studies by showing that the same result can be
obtained even when an auditory signal with some ver-
bal import is used in the behavioral task. This finding
does not support the self-monitoring model that per-
ceptual hallucination results from a change in response
bias in perceptual judgment.
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