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Introduction

Chapman believed that the initial prodrome of psychosis
consists of disturbances of selective attention, intermittent
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Abstract

Objective: The continuous performance test reveals deficits in patients with schizophrenia
compared with normal subjects. The 3-7 continuous performance test and degraded continuous
performance test are ‘high-load’ versions that appear to indicate vulnerability to schizophrenia
in high-risk individuals independently of the psychotic state (degraded continuous performance
test) and in association with acute episodes (3-7 continuous performance test). This study evaluated
the degraded and 3-7 continuous performance tests, and their correlation with psychosis-proneness
as measured by Chinese versions of the Oxford-Liverpool Inventory of Feelings and Experiences
and the Schizotypal Personality Scale, in Hong Kong Chinese subjects.
Methods: The 3-7 and degraded continuous performance test versions were administered to 25
schizophrenic patients and 25 age- and sex-matched controls. In the second part of the study, 85
university students (aged 17 to 21 years) without a psychiatric history were tested using the 2
versions of the continuous performance test and the Oxford-Liverpool Inventory of Feelings
and Experiences, and the Schizotypal Personality Scale.
Results: Schizophrenic patients performed significantly worse than normal subjects in degraded
and 3-7 continuous performance tests (p < 0.05, both versions). Forty five students completed
the psychosis-proneness and continuous performance test evaluations. In the student sample,
significant gender differences were evident for the Oxford-Liverpool Inventory of Feelings and
Experiences items (p < 0.0001 to p = 0.002) and the Schizotypal Personality Scale (p = 0.001).
Chinese versions of the Oxford-Liverpool Inventory of Feelings and Experiences and the
Schizotypal Personality Scale proved to be valid and reliable. There was a modest, significant
correlation between degraded continuous performance test performance and cognitive
disorganisation subscales of the Oxford-Liverpool Inventory of Feelings and Experiences and
the Schizotypal Personality Scale (p < 0.05), but no similar effect for the 3-7 continuous
performance test.
Conclusion: There are modest, significant inverse correlations between psychosis-proneness
and degraded continuous performance test performance, suggesting that early perceptual deficit
may account for non-clinical, mild schizotypal symptoms in the normal population.
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disturbances of perception (abnormalities of brightness,
colour, size and shape, and inability to see the overall Gestalt
of the image), and sudden disruption in attention and
thought, as well as disturbances in speech and motor
function.1 Anscombe argued that the schizophrenic ex-
perience was an inability to sustain an intentional focus to
attention.2 Attention was captured by incidental details in
the environment, leading to a false sense of significance.
These findings suggest that vigilance/attentional and per-
ceptual deficits may play an important role in the genesis of
psychotic symptoms.

The continuous performance test (CPT) is a well-
established cognitive task measuring vigilance/sustained
attention. The original version of the CPT was developed
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by Rosvold et al.3 The various versions of CPT typically
involve tachistoscopic presentations (40 to 200 ms) of a
quasi-random series of letter or numeral stimuli at a rapid,
fixed rate for 5 to 15 minutes, with instructions to respond
to a predesignated letter or number or sequence of letters or
numbers each time it appears. Some versions aim to increase
the processing load and place particular burden on certain
aspects of information processing. ‘High-load’ versions of
the CPT include degraded CPT, which uses blurred visual
stimuli to burden the initial visual encoding and analysis
processes, and ‘3-7’ CPT, which places increased demand
on active working memory. 4

Multiple studies have found that chronic schizophrenic
patients have lower hit rates and higher false-alarm rates in
CPT compared with normal and psychiatric controls.5 CPT
performance has also been demonstrated to be impaired in
remitted schizophrenic patients.6 In a cross-sectional study
comparing acutely psychotic schizophrenic patients and
relatively remitted schizophrenic patients, Asarnow and
MacCrimmon demonstrated lower hit rates and higher false-
alarm rates in both groups of schizophrenic patients than in
normal controls. 7 Steinhauer et al showed that stabilised
schizophrenic outpatients have a lower sensitivity index in
the degraded stimulus CPT version compared with normal
controls.8

The CPT performances of high-risk subjects (siblings
and children of schizophrenic patients) have also been
investigated. In general, if the CPT task is relatively easy,
there tends to be little difference in performance.5 However,
high-risk subjects show poorer performances when the CPT
is made more difficult by the addition of a short-term
memory load9 or by visually degrading the stimuli.10 If the
version is not at least moderately difficult, this difference
may not be obvious, as demonstrated in the lack of difference
between high-risk children and children of normal parents.11

These findings suggest that versions of CPT that are
moderately difficult indicate vulnerability to schizophrenia.

The boundaries of psychosis are not clear and schizo-
phrenia may represent only the extreme end of a continuum
that spans from mild to severe disease, as suggested by
Bentall et al.12 Surveys have demonstrated that mild
anomalies in experience, thinking, and belief that have a
resemblance to psychotic symptoms occur in a substantial
proportion of the normal population (approximately 15%
to 20%), as well as people with frank psychotic disorder.13, 14

The milder expressions of the disease continuum may
include individuals who are unmedicated, fully functioning,
and have no psychotic symptoms.

High schizotypic subjects have poorer performance on
the CPT, adding support to its role as an indicator of
vulnerability.15 People with high scores in psychosis-
proneness measures have also been found in longitudinal
studies to have an increased risk of psychosis.13 Further
studies have consistently supported a poorer performance
in CPT with high processing demand by SPD subjects
compared with normal subjects16 or those with other
personality disorders.17,18

So far, there has been no direct study examining the
performance of the 3-7 CPT in schizotypal subjects.

Objectives

This study aimed to test the following hypotheses:
• the Oxford-Liverpool Inventory of Feelings and Experiences

(O-LIFE)19 and Schizotypal Personality Scale (STA)20 are
both valid and reliable instruments for the measurement
of psychosis-proneness in Chinese populations

• degraded CPT and 3-7 CPT are reliable and valid instru-
ments for the measurement of vigilance/sustained attention

• performance on degraded CPT, but not 3-7 CPT, correlates
negatively with the level of psychosis-proneness as
measured by the O-LIFE and STA.

Methods

Validation of  Degraded and 3-7 Continuous
Performance Tests
The first part of the study included 25 hospital staff matched
for age and sex with 25 schizophrenic patients (11 male and
14 female). Baseline sociodemographic data, including
years of education, were also collected. Psychiatric data
included duration of illness and medication use. Matching
of age, sex, and years of education is required because data
in the Chinese population has shown that males had a higher
hit rate and overall sensitivity than females, while older
age was associated with decreasing hit rate and overall
sensitivity.21

Schizophrenic patients were identified according to
DSM-IV criteria. Comorbid diagnoses of substance abuse,
mental retardation, and organic psychotic disorders were
excluded. Schizophrenic patients who were actively psych-
otic were also excluded. Recruiting of hospital staff involved
use of a screening questionnaire with exclusion criteria for
history of psychiatric problems, family history of psychiatric
disorders, and current use of psychotropic medication or
illicit drugs.

Separate samples of schizophrenic patients (n = 11) and
normal subjects (n = 11) with similar inclusion and exclusion
criteria were used for test-retest reliability purposes, except
that the subjects were not matched for age and sex. The
schizophrenic patients were in a stable mental state and
received no change in medication during the 1-month follow-
up period.

Patients and controls were administered the degraded
and 3-7 versions of CPT.4 Both groups were screened for
visual acuity before the test was conducted. The tests were
administered under conditions specified by the University
of California (UCLA) group in terms of computer monitor
type, level of illumination of the computer screen, and the
laboratory environment, to ensure comparability with the
work of the latter group.4 All subjects were tested by an
experienced research assistant, who was not aware of the
study hypothesis. The author supervised 30% of the sessions,
selected at random, to ensure proper execution of the study
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procedures. The order in which the 2 versions of CPT were
administered was determined by tossing a coin.

Continuous Performance Test Protocol
Briefly, in a conventional CPT, the subject views a series of
stimuli on a screen and is instructed to press a response
button whenever a target stimulus appears. In the 3-7 version,
the target is a sequence (a ‘3’ followed by a ‘7’). For a
degraded version, the target is a single stimulus (a blurred
‘0’). The stimuli are presented briefly, for less than one-
tenth of a second, and follow at a rate of about 1 per second.
The test yields a measure of ‘sensitivity’, which is the ability
to discriminate signal (targets) from noise (non-targets). The
degraded version imposes a burden for initial perceptual
discrimination, while the 3-7 version involves active, working
memory (the mental representation of 1 stimulus needs to be
maintained long enough to compare with a subsequent stimulus,
and then the representation needs to be updated).

Psychosis-proneness Scales: Validation and
Relationship to Continuous Performance Test
The second part of the study involved recruitment of 115
university students aged 17 to 21 years, and collection of
data on their social demographics and personal and family
history of psychiatric illness. The research assistant
approached university students in the campus and ex-
plained the purpose of the study before informed consent
was obtained. Only subjects without a personal history
of psychiatric illness were recruited to maintain the non-
clinical and unmedicated nature of this sample. The CPT
was administered in laboratory conditions as specified
above.

Psychosis-proneness was measured using 2 scales: the
Chinese version of the O-LIFE, containing 4 psychosis-
proneness scales (unusual experiences, cognitive disorganis-
ation, introvertive anhedonia, and impulsive non-conformity),
and the Chinese version of the STA. The O-LIFE comprises
forced-choice yes-no responses to 30 questions in unusual
experiences, 24 questions in cognitive disorganisation,
27 questions in introvertive anhedonia, and 23 questions
in impulsive non-conformity, resulting in a total of 104
questions. The total score can therefore range from 0 to 104.

The O-LIFE has shown a high internal consistency and
high 3-month test-retest reliabilities,19 with a significant
gender effect.19,20 The STA scale measures schizotypal
experiences in normal subjects and comprises 36 questions.
It has also been found to have high internal consistency,
and high test-retest reliability.20 The STA is used to supple-
ment the O-LIFE, as the latter scale has limited coverage of
schizotypal experiences 19

A psychology graduate translated the inventory into
Chinese and the author then back-translated it into English.
Five experienced mental health professionals (2 psych-
iarists, 1 psychologist and 2 occupational therapists) were
invited to read the Chinese versions of the O-LIFE and STA.
The professionals were asked to give a yes-no response to
the question: “Is this question relevant to measuring the

psychosis-proneness in a normal population?” against each
of the 140 questions of the O-LIFE and STA.

Data Analysis
Three major indexes were used to analyse the performance
of the degraded and 3-7 CPT versions:
• hits, the proportion of correct responses to target trials/

correct detections
• false alarms, the proportion of responses to catch trials/

commission errors
• sensitivity, a measure of discriminability, calculated from

hits and false alarms.22

The differences in the mean levels of CPT performance
data of the normal and schizophrenic patients were examined
with 2-tailed Student’s t tests. Similar t-testing of statistical
significance was used for comparison of patients treated with
typical and atypical antipsychotics, the effect of treatment
with anticholinergic agents, and other continuous socio-
demographic data (age and years of education).The p value
for statistical significance for all t tests was set at 0.05.
For multiple comparisons, Bonferroni’s correction was
applied.

For test-retest reliabilities of the psychosis-proneness
scales and the CPT performances, Pearson product moment
correlations were used to examine the associations between
results of the 2 test periods. Pearson product moment was
also used to explore the associations between the CPT
performances and the psychosis-proneness subscales.

Results

Validation of Degraded and 3-7 Continuous
Performance Tests
Test-retest reliability
The mean age of the schizophrenic patients was 45.6
years, compared with 35.3 years for the normal subjects
(p < 0.0001). The mean duration of education was also sig-
nificantly different between the normal subjects (15.6 years)
and the schizophrenic patients (10.7 years) [p < 0.0001].
The schizophrenic patients were stable throughout the study
period, as indicated by no change in medication or stable
maintenance in an intensive rehabilitation ward.

The degraded and 3-7 CPT versions were validated in
separate samples of normal subjects (n = 11) and schizo-
phrenic patients (n = 11). The 1-month test-retest reliabilities
of degraded CPT in normal subjects were 0.826 for overall
hit rate (p < 0.0001), 0.723 for overall false-alarm rate
(p < 0.001), and 0.786 for overall sensitivity (p < 0.0001).
For the 3-7 CPT, the test-retest reliabilities for overall hit
rate, overall false-alarm rate, and overall sensitivity in normal
individuals were all non-significant. This might have been
because of the ceiling effect of the performance of the normal
individuals. (K Nuechterlein, personal communication).

For the schizophrenic patients, the 1-month test-retest
reliabilities of the 3-7 CPT were 0.971 for overall hit rate
(p < 0.0001), 0.823 for overall alarm rate (p < 0.001), and
0.984 for overall sensitivity (p < 0.0001). The 1-month
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test-retest reliabilities of the degraded CPT for the schizo-
phrenic patients were 0.918 for overall hit rate (p < 0.0001),
0.886 for overall alarm rate (p < 0.001), and 0.992 for over-
all sensitivity (p < 0.0001). The results suggest that the
degraded, but not the 3-7 version of CPT, is suitable for
repeated measurement in normal individuals. However, both
versions are suitable for repeated measurement in patients
with schizophrenia.

Continuous performance test performance by normal
subjects and schizophrenic patients
Both the schizophrenic group and the normal group
comprised 10 males and 15 females. The mean age of the
normal group was 35.5 years and that of the schizophrenic
patients was 35.3 years (t test, p = 0.678). There was also
no significant difference in years of education between the
groups, with the normal subjects receiving an average of
11.2 years and the schizophrenic patients 10.3 years (t test,
p = 0.528). Fifteen patients were receiving treatment with
atypical antipsychotics, and 10 patients were receiving
conventional antipsychotics, the latter at a mean dose of 485
mg chlorpromazine equivalents. Thirteen patients also
received adjunctive anticholinergic treatment, and 2 patients
were also receiving valproate.

There was no significant difference in 3-7 and degraded
CPT performance between those receiving atypical and
conventional antipsychotics or between those receiving and
not receiving anticholinergic agents. There was no significant
correlation between the dose of anticholinergic agents or
conventional antipsychotics and CPT performance in those
receiving conventional antipsychotics.

Schizophrenic patients performed significantly worse than
the normal subjects in both the degraded and 3-7 CPT versions

(Table 1). When non-parametric tests (Mann-Whitney U test)
were used for comparison, the difference remained statistically
significant (p < 0.05 for all comparisons).

Validation of Psychosis-proneness Scales
Of 115 university students recruited, 85 completed both
the O-LIFE and the STA in full. The completers comprised
38 males and 47 females, with a mean age of 21.9 years and
22.6 years, respectively (t test, p = 0.455). Twelve of 85
subjects had a family history of psychiatric illness. There
were no significant differences in O-LIFE and STA scores
between those with and without a family history of psych-
iatric illness. In the assessment of the relevance of the
Chinese versions of the O-LIFE and STA by health profes-
sionals, of the 140 questions, 103 attained 100% agreement
by all 5 professionals, 28 attained 100% agreement by 4 profes-
sionals, while 10 attained 100% agreement by 3 professionals.

The O-LIFE and STA results are shown in Table 2. There
were significant gender differences in the O-LIFE and STA
results (Table 3) — females had significantly lower scores
in introvertive anhedonia. This result was compatible with
the findings of Mason et al,19 and Rawlings and Freeman.23

However, there was no significant difference in impulsive
non-conformity, in contrast to the finding of Mason et al,19

but similar to the findings of Rawlings and Freeman.23

Internal consistency
The internal consistency (Cronbach’s alpha) of the Chinese
version of O-LIFE in the sample of 85 university students
was 0.801 for unusual experiences, 0.841 for cognitive
disorganisation, 0.707 for introvertive anhedonia, and 0.70
for impulsive non-conformity.

Table 1. Comparison of continuous performance test (CPT) performances in normal  subjects and schizophrenic patients.

CPT version Variable Schizophrenic patients Normal subjects Mean difference p Value
(n = 25) (n = 25) (SD)

3-7 Overall hit rate 0.8700 0.9890 0.1185 (0.0303) 0.0001*
Overall alarm rate 0.0343 0.0144 0.0199 (0.0066) 0.0050*
Overall sensitivity 0.9665 0.9968 0.0302 (0.0076) 0.0001*

Degraded Overall hit rate 0.5992 0.8122 0.2129 (0.0691) 0.0040*
Overall alarm rate 0.1397 0.0547 0.0849 (0.0407) 0.0450*
Overall sensitivity 0.8246 0.9313 0.1067 (0.0278) 0.0010*

* p < 0.05

Table 3. Gender differences in Schizotypal Personality Scale
(STA) and Oxford-Liverpool Inventory of Feelings and
Experiences (O-LIFE) scores.

Men Women p Value
(n = 38) (n = 47)

Unusual experiences 9.316 7.577 0.099

Cognitive disorganisation 10.421 9.702 0.502

Introvertive anhedonia 6.026 3.787 0.008

Impulsive non-conformity 6.684 6.340 0.581

Total O-LIFE 32.44 27.41 0.028

STA 11.66 10.00 0.178

Table 2. Mean data for Schizotypal Personality Scale (STA)
and Oxford-Liverpool Inventory of Feelings and Experiences
(O-LIFE) scores.

Psychosis-proneness scales           Mean                  SD

Unusual experiences 8.35 4.83

Cognitive disorganisation 10.02 4.87

Introvertive anhedonia 4.79 3.89

Impulsive non-conformity 6.49 2.84

Total O-LIFE 29.66 10.54

STA 10.74 5.62



RMK Ng

10

Compared with the results of Rawlings and Freeman23

(0.88 for unusual experiences, 0.84 for cognitive dis-
organisation, 0.70 for introvertive anhedonia, and 0.70 for
impulsive non-conformity), the present results showed good
agreement. For the Chinese version of the STA, the internal
consistency of 0.70 was also compatible with the findings
of Claridge and Broks.20

Three-month test-retest reliabilities
The 3-month test-retest reliabilities of a sub-sample (n = 23)
were statistically significant for the items of unusual experience
(r = 0.774, p < 0.0001), cognitive disorganisation (r = 0.853,
p < 0.0001) introvertive anhedonia (r = 0.724, p < 0.0001)
impulsive non-conformity (r = 0.607, p = 0.002) total O-LIFE
(r = 0.749, p < 0.0001), and STA (r = 0.646, p = 0.001).

Convergent validity
The STA had significant correlations with unusual
experience (r = 0.769, p = 0.0001), introvertive anhedonia
(r = 0.254, p = 0.019), cognitive disorganisation (r = 0.629,
p = 0.0001), impulsive non-conformity (r = 0.323, p = 0.003),
and total O-LIFE score (r = 0.823, p = 0.0001).

Relationship Between Psychosis-proneness and
Continuous Performance Tests
Of 85 subjects given the O-LIFE and STA tests, 45
completed both the degraded and 3-7 CPT versions. The
other 40 subjects did not complete the CPT tests. Some
refused the tests (n = 15), and others were noted to have
poor motivation during the tests (n = 12) or gave up before
completing the tests (n = 13). Only the results for the 45
subjects completing both CPT versions were available for
examination of the correlation between CPT performance
and psychosis-proneness.

With the p value for significance set at 0.05, there was a
statistically significant correlation between degraded CPT
performance (overall hit rate and overall sensitivity) and the
cognitive disorganisation subscale of the O-LIFE and STA

(Table 4). There was little correlation between the 3-7 CPT
indexes and psychosis-proneness scores. However, with the
p value for significance set at 0.001 (Bonferroni’s correction
for multiple comparisons, p < 0.0001), there was no signifi-
cant correlation between even degraded CPT performance
and psychosis-proneness scores.

When the subjects were split into 2 groups corresponding
to the 25th percentile (n = 11) and the 75th percentile (n = 12),
respectively, of the O-LIFE results, the 2 groups were
found to have only a marginally significant difference in
degraded-stimulus (DS)-overall hit rate (Mann-Whitney test,
p = 0.098). When the subjects were split into 2 groups
corresponding to the 25th percentile (n = 12) and the 75th
percentile (n = 12) of the STA results, respectively, the
2 groups were found to be significantly different in both
the DS-overall hit rate (Mann-Whitney test, p = 0.03), and
DS-overall sensitivity (Mann-Whitney test, p = 0.019).

Discussion

Continuous Performance Tests for Hong Kong
Chinese People
This was the first study that attempted to validate 2 versions
of CPT, namely the 3-7 and degraded CPT, in the Hong
Kong Chinese population. Both versions appear to be reliable
for repeated measurement in schizophrenic patients.
Furthermore, schizophrenic patients performed worse than
age- and sex-matched normal subjects in both versions,
similar to the results of Nuechterlein et al.4 The poor
performance in degraded CPT supports the presence of
deficits of sustained attention and early perception in
schizophrenic patients. There is also an additional active
working memory deficit in schizophrenic patients, as
supported by poor performance in 3-7 CPT in this study.
Similar results on working memory were found in other
studies with tasks relating to spatial working memory load.24

Patients with younger age and male gender have been
found to have better degraded CPT performance (overall

Table 4. Relationship between results for continuous performance tests (CPT) and psychosis-proneness factors (data are p values).

CPT variable Unusual Cognitive Introvertive Impulsive Total O-LIFE STA
experiences disorganisation anhedonia non-conformity

3-7 overall hit rate -0.260 -0.240 -0.035 0.103 -0.255 -0.142
(0.210) (0.247) (0.866) (0.625) (0.218) (0.499)

3-7 overall false-alarm rate 0.311 0.238 -0.053 0.165 0.296 0.271
(0.130) (0.16) (0.800) (0.431) (0.12) (0.068)

3-7 overall sensitivity -0.284 -0.283 -0.024 0.079 -0.295 -0.176
(0.169) (0.170) (0.908) (0.709) (0.152) (0.401)

Degraded overall hit rate -0.146 -0.285 -0.123 0.028 -0.257 -0.281
(0.269) (0.029)* (0.534) (0.832) (0.07) (0.031)*

Degraded overall false-alarm rate 0.01 0.180 0.043 0.050 0.119 0.091
(0.938) (0.172) (0.748) (0.706) (0.369) (0.495)

Degraded overall sensitivity -0.118 -0.316 -0.093 0.020 -0.283 -0.269
(0.372) (0.015)* (0.481) (0.879) (0.079) (0.039)*

* p < 0.05.
Abbreviations: O-LIFE = Oxford-Liverpool Inventory of Feelings and Experiences; STA = Schizotypal Personality Scale.
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hit rate and sensitivity) in a large-scale community study in
Taiwan, indicating that controlling for age and sex is
important in CPT studies.21 Another confounding factor is
level of education, as higher level of education is also
associated with higher hit rate and sensitivity.21 In this study,
the level of education in the schizophrenic patients was
controlled for.

In addition, anticholinergic medication has been found
to impair memory, especially verbal memory.25,26 Its effect
on active working memory is unknown. In this study, the
dose of anticholinergic medication was not correlated
with CPT performance and there was no difference in
performance between those with or without anticholinergic
medication. However, the sample size of this study is too
small to be conclusive in this regard, and further study is
warranted. There was no difference in CPT performance
between patients taking and not taking atypical and typical
antipsychotics in this study. Clozapine has possible favour-
able effects on verbal fluency and motor speed, but possible
detrimental effects on visual memory and verbal working
memory.27,28 Risperidone may have beneficial effects on
verbal working memory.29 Therefore, bearing in mind that
degraded CPT taps early perceptual deficits and 3-7 CPT
puts an additional demand on working memory, atypical
antipsychotics are unlikely to be of benefit. However, this
is again a tentative conclusion in view of the small number
of subjects in this study.

Psychosis-proneness Scale
This study has also validated 2 important instruments
measuring psychosis-proneness — the STA and the O-LIFE.
The local results (means, internal consistency, test-retest
reliabilities) were highly comparable to those obtained in
Western populations. Major limitations are the small sample
size (n = 85) and the fact that sampling was done from a
preselected population (university undergraduates). Further
validation with a large community sample is warranted if
these scales are to be applied to future research in high-risk
individuals.

Degraded Continuous Performance Tests as a
Vulnerability Marker of Psychosis
In the first longitudinal study of recent-onset schizophrenic
patients, Nuechterlein et al administered both degraded and
3-7 CPT to a group of schizophrenic patients during both
remitted and psychotic states.4 These investigators found a
persistently high deficit in signal/noise discrimination
(sensitivity index, d′) in schizophrenic patients across both
psychotic and remitted states compared with normal subjects
tested at similar intervals. They also found that the sensitivity
index was impaired among the schizophrenic patients
(n = 17) on the memory-load version of CPT during both
remitted and psychotic states, the impairment being much
stronger during relapse. Degraded CPT can therefore be
classified as a stable vulnerability indicator, as this impair-
ment occurs during symptomatic and asymptomatic periods
and does not vary significantly with the psychotic state.

3-7 CPT yields a pattern that suggests a potential
mediating vulnerability indicator as this is abnormal across
clinical states, but becomes more deviant during, or possibly
before, psychotic episodes.4 The 3-7 CPT uses remembered
context in which the present stimulus occurs as a cue of
significance, suggesting that disturbances in use of active
memory may be more closely linked to active psychotic
periods in schizophrenia.22,30

The study by Nuechterlein et al provides further evidence
that early perceptual analysis, tapped by degraded CPT, is a
stable vulnerability marker across clinical states and varying
degrees of psychotic symptoms.4 On the other hand, 3-7 CPT,
with its demand on active working memory, may only
become deficient in the face of active psychotic breakdown.

CPT performance deficit is only apparent in high-risk
subjects when high-demand versions are used. Why do high-
risk subjects manifest performance deficits in high-
processing–load CPT, but not in conventional CPT? The
answer seems to lie in the demand on early perceptual
analysis.5 At least some CPT deficits may rely on early
sensory/perceptual processes.31 Because the CPT involves
very brief presentations, the stimuli are relatively poor
perceptual images. High-risk subjects are likely to have
milder deficits in early perceptual analysis, which are only
exposed when the CPT tasks have a high demand on early
perceptual analysis.31 Results from backward masking32 and
span of apprehension performance33 (both tests rely on early
sensory/perceptual analysis), have provided further evidence
that very early sensory/perceptual analysis may be associated
with vulnerability to psychosis.

Nuechterlein et al have argued that CPT is a stable
vulnerability marker because deficits were found in patients
in symptomatic remission, individuals at high risk of
schizophrenia, siblings or parents of schizophrenic patients,
and in schizotypal patients.4 A high-processing-load version
of CPT is usually required to detect the deficits in schizotypal
patients — for example, the CPT-identical pair (CPT-IP)
version, in which the subject has to identify targets as stimuli
that appear in 2 successive trials.

One condition uses 4-digit numbers as stimuli and
another uses a series of nonsense shapes. CPT-IP was used
in a schizotypal study15 and 1-9 CPT with 25% degraded
stimuli in a study in Taiwan by Chen et al.21 There was
significant correlation between measures of psychosis-
proneness and overall hit rate and sensitivity in high-
processing versions of CPT. Chen et al demanded possibly
even higher processing load as active working memory,
sustained attention and early perceptual analysis were
required in their CPT version.21

In the current study, the components of working memory
and early perceptual analysis were studied separately with
3-7 CPT and degraded CPT, respectively. There were
significant correlations between overall hit rate and overall
sensitivity of degraded CPT with mild schizotypal symptoms
(STA) and cognitive disorganisation (O-LIFE), suggesting
that early perceptual deficits may underline non-clinical
psychosis-proneness traits (schizotypal traits and mild
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thought disorders) in the general population. These
significant differences in degraded CPT overall hit rate and
overall sensitivity were confirmed when only the high
schizotypal subjects (STA score greater than 75th percentile)
were compared with low schizotypal subjects (STA score
less than 25th percentile). Previous work supports a strong
association between thought disorder in schizophrenia
and poor performance in the high processing load version
of CPT.34 The correlation was modest, emerged only when
the patients were in remission, and was relatively specific
for those types of thought disorders characteristic of
schizophrenia.

The lack of correlation between 3-7 CPT performance
and psychosis-proneness scales in this study suggest that
3-7 CPT might not be a sensitive enough test for active
working memory, or that active working memory might not
play a significant role in non-clinical, mild schizotypal
symptoms. Nevertheless, active working memory may play
a more important role in clinically established schizophrenia,
as supported by the poor performance of schizophrenia
across all performance indexes for 3-7 CPT.

In the study of Nuechterlein et al, the decline in 3-7 CPT
performance across clinical states (remitted versus acute
relapse) pointed to the possibility that working memory
might actually deteriorate upon relapse.4  However, the
significant results found in correlation analyses should be
viewed as tentative, as the statistical significance was lost
once Bonferroni’s correction was applied to allow for
multiple analyses. Therefore, this study should be regarded
as a pilot for further research involving a larger community
sample.

The lack of statistical difference in CPT performance
between those with family history and those without
family history demands further explanation, as multiple
studies have found that family members of schizophrenic
patients have poorer CPT performance.9,11 This may be due
to the relatively small number of subjects with family history
(n = 8), and that family history of psychiatric illnesses may
encompass many other possible diagnoses other than
schizophrenia. Studies have shown that CPT performance
deficit is relatively specific for schizophrenic patients11,35

and their relatives.8,10,11

Limitations

The major limitation of this study is the small sample size
used for the validation of CPT and psychosis-proneness
scales. Therefore, the results can only be regarded as tentative
and further study evaluating a larger sample is necessary
for confirmation.

Recruitment of university students for the exploration
of the relationship between psychosis-proneness and CPT
is a biased sample, preselected initially for university
admission. Moreover, as the sample of university students
was not obtained randomly, this is not a representative
sample of university students in Hong Kong. However, it
should be noted that academic ability does not preclude a

liability for psychopathology.36 The population from which
the sample was drawn was probably censored for early-onset
variants of severe psychopathology, but liability for late-
onset psychoses or schizophrenia-spectrum disorders was
not diminished in this sample.

Conclusion

This study provides some preliminary evidence to suggest
that early perceptual deficits, as measured by degraded CPT,
may contribute to the development of non-clinical, mild
schizotypal symptoms in the general population.
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