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of paticnts was significantly lower than that of controls
(37.1=20.4 and 52.2+25.3 ng/ml in patients and controls,
respectively; P=0.00003; Fig. 1A). The mean serum
EGF level was also significantly lower in patients than
in controls (395.5+231.7 vs. 560.7+357.1 pg/ml;
P=0.002; Fig. 1B).

The relation between serum NF levels and age was
examined. The age of both patient and control groups
ranged from 21 to 59 years. As shown in Fig, 1C
(BDNF), Fig. 1D (EGF) and Table 4, there were no
significant correlations between serum NF levels and
age in either group.

Because both BDNF and EGF were measured
simultaneously within the same individuals, the correla-
tion between serum BDNF and EGF was examined in
each group. In the controls, a negative correlation be-
tween BDNF and EGF levels was found (r=—0.387,
P=0.0002; Fig. 2A). In contrast, there was no signifi-
cant correlation between the serum BDNF and EGF
levels in the patients (P=0.161, Fig. 2B).
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Fig. 1. Serum levels of (A) BDNF and (B) EGF measured by two-site
enzyme immunoassay in normal controls (V=87) and patients with
chronic schizophrenia (N=74). Compared with controls, patients
exhibited lower serum levels of both neurotrophic factors (BDNF.
***p<0.001, EGF, **P<001). Horizontal lines indicate the mean
levels. Distributions of serum (C) BDNF and (D) EGF levels in controls
(open circles) and patients (filled circles) with age. No significant
cormelation was observed between NF levels and age (21-59 years) in the
mwo groups. BDNF, bruin-derived neurotrophic factor; EGF, epidermal
growth factor.
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Table 4
Cormrelations between levels of neurotrophic factors and clinical
in patients with schizophreni
Clinical parameters N BDNF EGF
r J= r P
Age 74 -0031 0795 -0.227 0.053
Age at onset 74 0303  0.009 0.052 0.644
Duranon of illness 74 -0.196 0098 -0281 0.016
CPZ-EQ (mg/day) 74 0.051 0520 0.079  0.327
BMI (kg/m’) 4 0.171 0267 0088 0.569
GAF 3 0024 0843 0076 0.727
BPRS  Total 33 -0.099  0.588 0.349  0.046
Positive 33 -0.189 0303 0,347 0.047
Negative 33 0,102 0558 027 0468

CPZ-EQ. Chlorpromazine Equivalents: BMI, Body Mass Index; GAF,
Global Assessment of Functioning; BPRS, Brief Psychintric Rating
Scale,

Since the distribution of BDNF in the control group
appeared bimodal as shown in Fig. 2A, we examined
whether the low-BDNF group (40 ng/ml of BDNF as a
tentative threshold for the dichotomy; N=26) and high-
BDNF group (N=61) differed in their biological
parameters. Statistical analyses revealed that there were
no significant differences in their BMI (P=0.627), age
(P=0.959), sex ratio (P=0.654), and smoking habit
(P=0.464).

3.2. Correlation of serum BDNF and EGF levels with
clinical parameters

Overall, clinical parameters did not exhibit robust
correlations with the BDNF and EGF levels (P>0.05/
10 [=0.005], corrected for multiple comparisons in Table 4
and Fig. 2B), although age at onset was margmally
correlated with the BDNF level (r=0.303, P=0.009). We
also analyzed the effects of BMI and smoking habit on NF
levels. There were no significant correlations between
serum NF levels and BMI in patients (P=0.267 for BDNF,
P=0.569 for EGF, N=44) or in controls (P=0.687 for
BDNF, P=0.697 for EGF, N=34). In addition, NF levels
were not significantly different between the presence
(N=11 for patients, N=16 for controls) and absence
(N=12 for patients, N=18 for controls) of smoking habit
in patients (P=0.735 for BDNF, P=0.132 for EGF) and in
controls (P=0.569 for BDNF, P=0.593 for EGF).

3.3. Type of antipsychotic drugs and neurotrophic factor
levels

Thirteen patients had been taking one or more typical
antipsychotic drugs, while thirty-one other patients had
been taking only atypical antipsychotic drugs. We found
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Fig. 2. Relation between the serum levels of BDNF and EGF measured simultancously in (A) normal controls and (B) chronic schizophrenia patients.
For controls, serum levels of the two neurotrophic factors were negarively correlated as shown by the line (r=-0.387, P=0.0002), The histograms
sbove and on the right of the main plots show the fractions of subjects that fall into particular intervals of serum BDNF (in steps of S ng/ml) and EGF
(in steps of 50 pg/ml) levels, respectively. In both histograms, dotted lines represent the mean levels of BDNF (32.2 ng/ml) and EGF (560.7 pg/ml) of
normal controls, respectively, BDNF, brain-derived neurotrophic factor; EGF, epidermal growth factor.

that the levels of both BDNF and EGF did not differ
between the patients taking typical and atypical
antipsychotic drugs (P>0.05, Fig. 3A and B). In
addition, there was no significant corrclation between
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Fig. 3. Effects of antipsychotic drugs on serum (A) BONF and (B) EGF
levels. For both neurotrophic factors, no significant differences were
seen between patients taking typical (V=13) and atypical (N=31)
antipsychotic drugs. Honzontal lines indicate the mean levels.
Antipsychotic dosages in chlorpromazing equivalents were correlated
neither (C) with serum BDNF nor (D) with EGF levels (N=74). BDNF,
brain-derived neurotrophic factor; EGF, epidermal growth factor; CP,
chlorpromazine.

the chlorpromazine equivalents of medication and
serum NF levels (Fig, 3C and D; Table 4).

We also analyzed the effects of anticholinergic drugs
on the NF levels. Thirty-five patients had been taking
anticholinergic drugs including biperiden and trihexyphe-
nidyl in combination with antipsychotic drugs. NF levels
were not significantly different between the patients with
(BDNF, 37.9420.1 ng/ml; EGF, 395.84225.0 pg/ml;
N=35) and without (BDNF, 36.3+20.9 ng/ml; EGF,
395.3£240.5 pg/ml; N=39) anticholinergic drugs
(P=0.626 for BDNF, P=0475 for EGF).

4. Discussion
4.1. Lower serum BONF and EGF levels in schizophrenia

As summarized in Tables 1 and 2, previous studies
have mostly reported low serum BDNF levels (Grillo
etal., 2007; Pirildar et al., 2004; Tan et al., 2003; Toyooka
et al, 2002; Zhang et al., 2007), while changes in the
serum EGF level have remained a matter of controversy
(Futamura et al., 2002; Hashimoto et al., 2005). In the
present study, at least, it was clearly shown that most of the
chronic schizophrenia patients had lower serum levels of
EGF as well as BDNF. Mean serum BDNF values were
37.1 and 52.2 ng/ml in patients and controls, respectively,
in the present study. These values were higher than those
in several other reports, but, as can be seen in Table 1,
BDNF levels varied considerably among the studies
reported. Such differences may be due to the antibodies
used against neurotrophic factors, the methods of
measurement, and the sampling conditions. Actually, the
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values in the present study fell into 2 range similar of
values to those in the reports adopting similar methods
(Toyooka et al., 2002). In addition, this decrease in NFs
was observed in patients regardless of age, ranging from
the early 20s 1o the late 50s. This observation was con-
sistent with previous reports showing no correlation
between age and serum BDNF levels (Grillo et al.,
2007, Huang and Lee, 2006; Toyooka et al, 2002),
lending credence to the hypothesis that schizophrenia is
the behavioral outcome of aberration in the neurodevelop-
mental processes.

In the present work, the simultaneous measurement of
NFs revealed a significant negative correlation between
serum BDNF and EGF levels in controls (Fig. 2A),
whereas there was no correlation between the two NF
levels in patients (Fig. 2B), possibly reflecting their low
levels of both BDNF and EGF, The fact that no control
subjects showed high serum levels of both BDNF and
EGF is of particular interest. Neurite outgrowth from
EGF-responsive stem cell-derived neurons can be
enhanced by treatment with BDNF (Shetty and Tumner,
1999), while BDNF reportedly induced the down-
regulation of EGF receptors (Huang et al.,, 1988). In
addition, the co-application of transforming growth
factor-alpha, a member of the EGF family, with BDNF
blocked the BDNF-triggered up-regulation of AMPA
receptor expression and currents (Namba et al., 2006).
Thus, complementary roles of both factors may underlie
the normal development of the nervous system. In other
words, chronic schizophrenia may represent a state
deficient in NF-regulated neural functions, leading
eventually to various mental malfunctions.

The origins of serum BDNF and EGF are not yet
completely understood. EGF reportedly enters the brain
through the blood-brain barrier (BBB) in mouse (Pan and
Kastin, 1999). BDNF is reported to be transported across
the BBB in normal mouse (Pan et al., 1998) and rats with
cerebral ischemia (Schibitz et al., 2000), while another
report has argued that the transport of BDNF is negligible
(Sakane and Pardridge, 1997). EGF and BDNF are
produced in various peripheral tssues (Plata-Salamin,
1991; Radka et al., 1996), in addition to the central nervous
system as described above. Nevertheless, the serum levels
of NFs can be used as clinical markers, since they show
different distributions between patients and controls, as
shown in previous studies as well as in the present study.

4.2. Clinical parameters and neurotrophic factors
We failed to find any clinical parameters that demon-

strated robust correlation with the two NF levels. As
shown in Tables 1 and 2, previous reports also examined
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the correlation between clinical parameters and NF levels:
the BDNF level was cormrelated with the negative
symptom subscore of the Positive and Negative Syn-
drome Scale (Tan et al., 2005); the serum EGF level was
significantly correlated with the BPRS score (Hashimoto
et al,, 2005). Although the reasons for the discrepancy
between the previous and present results are unclear,
differences in demographic characteristics of the patients
(such as age at onset, illness duration, sample size, dis-
tribution of BPRS score, and dosage of antipsychotic
drugs) might provide at |east a partial explanation.

Other factors than psychiatric parameters have been
reported to affect serum BDNF levels. BMI (Suwa et al.,
2006) and age (Ziegenhom et al., 2007) showed positive
and negative correlation with BDNF levels, respectively.
Patients with atopic dermatitis have higher levels of serum
BDNF in association with the severity of symptoms (Raap
et al,, 2005; Namura et al., 2007), while smokers have
lower values as compared with non-smokers (Kim et al.,
2007). We could not completely rule out the possibility that
these factors affected the values in the present study, since
data could not be obtained from all participants. However,
the limited data suggested that neither BMI nor smoking
habit affected neurotrophic levels in patients or controls.

4.3. Tipes of antipsychotic drugs and serum neurotrophic
Jactor levels

In the present study, the NF levels were not correlated
with any types or dosages of medications, Although Grillo
et al. (2007) found a significant correlation between the
BDNF level and clozapine dosage, other investigators
found no significant correlation between BDNF (Hori
et al., 2007; Shimizu et al, 2003; Tan et al., 2005;
Tovooka et al., 2002; Zhang et al., 2007) or EGF level
(Futamura et al., 2002) and antipsychotic dosages. In
addition, treatment with olanzapine for 8 weeks (Hon
et al., 2007) or antipsychotic drugs (risperidone for most
patients) for 6 weeks (Pirildar et al., 2004) did not alter
BDNF levels in blood. It was recently suggested that the
effects of atypical and typical antipsychotic drugs on the
BDNF level were different. In animal experiments,
haloperidol, a typical antipsychotic drug, decreased the
BDNF expression in the hippocampus, whereas atypical
antipsychotics did not affect or even up-regulated this
expression (Bai et al., 2003; Chlan-Fourney et al., 2002;
Parikh et al., 2004). In addition, atypical antipsychotics,
but not haloperidol, stimulated neurogenesis in the sub-
ventricular zone of the rat brain (Wakade et al., 2002).
Clinically, chronic treatment with haloperidol, but not
olanzapine, was associated with a significant reduction in
gray matter volume in schizophrenia patients with first-
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episode psychosis (Lieberman et al., 2005), However, the
present study failed to show that the type of drug affects
cither the BDNF or the EGF serum level, This observation
might indicate a limitation concerning the measurement
of serum NFs for predicting their function in the brain.
Nevertheless, the serum levels of NFs could be used as
clinical markers from the viewpoint that they are
independent of the type of medication used.

In conclusion, we showed herein that patients with
chronic schizophrenia have lower serum levels of both
BDNF and EGF across all ages, possibly reflecting
pervasive abnormal signaling of NFs underlying the
pathophysiology of schizophrenia. A future study
should investigate NFs of patients with schizophrenia
before pharmacological intervention or those under-
going the first-cpisode of the disease, thereby addressing
whether this overall reduction in NFs is a common
characteristic in the symptomatology of schizophrenia.
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I Abstract In our previous studies, we identified that  patients with mood disorders, 28 patients with neurotic
exploratory eye movement (EEM) dysfunction appears  disorders and 250 normal controls). The patients were
to be specific to schizophrenia. The availability of a  recruited from eight university hospitals and three
biological marker specific to schizophrenia would be affiliated hospitals. For this study with a large sample,
useful for clinical diagnosis of schizophrenia. Conse-  we developed a new digital computerized version of the
quently, we performed the discriminant analysis be-  EEM test, which automatically handled large amounts
tween schizophrenics and non-schizophrenics on a  of data. We measured four parameters: number of eye
large sample using the EEM test data and examined an  fixations (NEF), total eye scanning length (TESL), mean
application of the EEM for clinical diagnosis of eye scanning length (MESL) and responsive search
schizophrenia. EEM performances were recorded in  score (RSS). These parameters of schizophrenics dif-
251 schizophrenics and 389 non-schizophrenics (111 fered significantly from those of the other three groups.
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The stepwise regression analysis selected the TESL and
the RSS as the valid parameters for discriminating be-
tween schizophrenics and non-schizophrenics. In the
discriminant analysis using the RSS and TESL as pre-
diction parameters, 184 of the 251 clinically diagnosed
schizophrenics were discriminated as having schizo-
phrenia (sensitivity 73.3%); and 308 of the 389 clinically
diagnosed non-schizophrenic subjects were discrimi-
nated as non-schizophrenics (specificity 79.2%). Based
on our findings we believe that the EEM measures may
be useful for the clinical diagnosis of schizophrenia.

® Key words schizophrenia - exploratory eye
movement (EEM) - biological marker - digital com-
puterized system of the EEM test - discriminant
analysis

Introduction

Clinical diagnosis of schizophrenia is based on patient
interviews and observation of the patient’s behavioral
patterns. According to the interview and observation,
schizophrenia is symptomatically characterized by
hallucinations, delusions, disorganized thinking or
negative symptoms, etc. These sy'mfptoms may be
based on a neurobiological brain dysfunction associ-
ated specifically with schizophrenia. Therefore, in
addition to the interview and observation of the pa-
tient, a biological marker related to the brain dys-
function of schizophrenia may also be useful in
determining the clinical diagnosis of schizophrenia.

In order to find a biological marker of schizo-
phrenia, many researchers have performed psycho-
physiological or cognitive neuroscience tests related
to the potential brain dysfunction of schizophrenia [5,
40). Disturbances of event related potentials (ERPs),
P300 [4], P50 [35] and mismatch negativity (MMN)
[6, 27], prepulse inhibition (PPI) [33, 44], saccadic
and smooth pursuit eye movements [8, 11, 21, 37],
and working memory [3] have been reported in
schizophrenia, Moreover, abnormalities of P50, sacc-
adic and pursuit eye movements, and working
memory were utilized for endophenotypes of schizo-
phrenia in genetic studies [1, 2, 7, 28]. Therefore, the
above physiological or neuroscience defects may show
promise as biological markers of schizophrenia.

We have studied eye movements while subjects
freely viewed horizontal S-shaped figures. This meth-
od is called the exploratory eye movement (EEM) test.
In most previous studies, only schizophrenics have
revealed consistent disturbances of the EEM [16-20,
24, 25, 30, 43). In addition, the parents of schizo-
phrenics showed EEM dysfunctions [41]. Moreover,
the EEM showed a significant linkage to chromosome
22q11 [42]. The chromosome 22q11 is one of the most
interesting regions in the genetic etiology of schizo-
phrenia [15]. Thus, in addition to the above physio-

logical or neuroscience defects, EEM disturbance may
also be a biological marker of schizophrenia.

Based on these findings, we have proposed that the
EEM test may be useful as a biological marker for the
clinical diagnosis of schizophrenia [19, 26]. Matsu-
shima et al. [26] performed discriminant analysis
between 30 schizophrenics and 70 non-schizophren-
ics using EEM data. They discriminated schizo-
phrenics from non-schizophrenics with a sensitivity
of approximately 75% and a specificity of approxi-
mately 80%. Kojima et al. [19] also tried to discrim-
inate 145 schizophrenics from 116 depressed patients
and 124 healthy controls using EEM data, and ob-
tained a high rate of discrimination with both the
sensitivity and specificity being over 80%. These re-
sults suggest that EEM may be useful for clinical
diagnosis of schizophrenia; however, the sample size
of these studies was not very large. Thus, replicated
studies with larger samples were needed to confirm
these findings. Nevertheless, since our prior method
employed an offline analog system, we were not able
to handle a large amount of data in our previous
studies. For the present study, we developed a new
digital computerized version of the EEM test. Using
this system, we were able to automatically handle a
large amount of data. Consequently, to confirm our
previous findings [19, 26], we used a larger sample in
the discriminant analysis between schizophrenics and
non-schizophrenics using the EEM test data,
According to results of the discriminant analysis, we
examined an application of the EEM for the clinical
diagnosis of schizophrenia in this study.

Methods

0 Subjects

We studied 251 schizophrenic patients, 111 patients with mood
disorders, 28 patients with neurotic and stress related disorders and
250 normal controls. The patients were in/outpatients recruited
from eight university hospitals and three affiliated hospitals.
Diagnoses were made by experienced psychiatrists according to the
ICD-10 criteria for research [45]. The control subjects were also
recruited from the eight university hospitals and three affiliated
hospitals. Most controls were employees of these hospitals. Table 1
shows the demographic characteristics of the subjects. There were
significant differences between the groups in age, gender and
duration of illness. Psychiatric patients who had a history of alcohol
abuse or illicit substance abuse, or head injury were excluded from
the study; also excluded were those with convulsive, neurologic or
ophthalmologic disorders. Detailed subtypes of the patients are
described in Table 2.

The clinical symptoms of the schizophrenic patients were as-
sessed by the brief psychiatric rating scale (BPRS) [32], which
yielded an average score of 41.5 £ 13.3, The clinical symptoms of
the patients with mood disorders were assessed using the Hamilton
depression rating scale (HAM-D) [10], for an average score of
12.1 + 8.59. Of the 251 patients with schizophrenia, 249 received
neuroleptic medication. The average daily dosage was expressed as
a haloperidol equivalent [13] of 13.9 £ 10.7 mg, Of the 111 patients
with mood disorders, 100 were taking antidepressant medication
and an average daily dosage was expressed as an imipramine
equivalent [13] of 107.7 £ 81.3 mg.




Table 1 Clinical and demographic characteristics of the subjects

251

379+ 13 43 + 128 327 £ 103 371 N3
157/94 49/62 99 112138
145 £ 131 59 + 678 61+ 66

"ANOVA; F (3, 636) = 12.0, P < 0.01
®Chi-square test; Chi-square = 233, df = 3, P < 0.01
“ANOVA; F(2, 387) = 256, P < 0.01

164 (65.3)
40 (15.9)
3(1.2)
13 (52)
24 (9.6)
4(16)
302

13 (1.7
97 (87.4)

Dysthymia 1.(09)
Neurotic and stress related disorder

Panic disorder 13 (46.4) Fig. 1 Digital eye-mark recording system (nac Image Technology, EMR-NS)
Adjustment disorder 8 (28.6)
Others 7 (25.0)

2. Comparison task

(a) The subject was instructed to compare a new figure with the

. . original figure (Fig. 2a) and was then shown a figure slightly

The normal controls were healthy volunteers without physical, different from the original one, which had one bump in a
ophthalmologic, neurological or psychiatric disorders, and there different position (Fig. 2b), for 15 s.

was no fnn'{i]y histt:lry of psychiatric disorders as distant as third (b) After 15 s had elapsed and with the figure still in view, the

degree relatives. This study was approved by the Ethics Committees subject was asked whether it differed from the original figure

of the eight universities, Written informed consent was obtained and, if it did, how it differed.
from all participants, after the procedures and possible risks of the  (¢) After the subject had replied and while the figure was still
study were fully explained. displayed, he/she was asked “Are there any other differences?”.

#. The above 2a-2c were repeated with a figure without bumps

= Procedure (Fig. 2¢).

For this study, we developed a new digital eye-mark recording system
(nac Image Technology, EMR-NS, Tokyo, Japan) (Fig. 1). In the
white box, there was an eye camera that detected corneal reflection of
infrared light to identify eye movements, and a 15-in. LCD monitor
(1,024 x 768 pixels) to display target figures for the EEM tasks. This
system automatically recorded the subjects’ eye movements while he/
she was viewing the figures on the LCD monitor.

The subject sat on a chair and a pair of goggles with a flexible
band was fixed on his/her face. The face was positioned 425 mm
from the LCD panel on which the target figures appeared. Three
horizontal S-shaped figures (an original target figure and two fig-
ures slightly different from the original target figure) were indi-
vidually displayed on the LCD monitor (Fig. 2). The figures were
845 pixels wide and 724 pixels high at a sight angle of 33°.

A standard test of EEM was performed. The method is briefly
shown as follows:

1. Retention task
The subject was instructed to carefully view the figure for the b c
purpose of drawing it later. The subject was then shown the original

target figure (Fig. 2a) for 15 s. (the subject drew the original figure Fig. 2 The original target figure (a) and two figures slightly different from the
from memory at the end of the test). target (b, ¢
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Fig. 3 The retention task, NEF, TESL SCHIZOPHRENIA MOOD DISORDER NEUROTIC DISORDER NORMAL CONTROL
and MESL in a schizophrenic patient,
a mood disorder patient, a neurotic male: 28 yrs. female: 26 yrs. male: 28 yrs. male: 26 yrs.

patient and a normal control

NEF: 20 NEF: 41 NEF: 39 NEF: 47
TESL: 555.8 mm TESL: 2043.8 mm TESL: 2277.8 mm TESL: 2553.9 mm
MESL: 27.8 mm MESL: 49.8 mm MESL: 58.4 mm MESL: 54.3 mm

Parameters of retention task

NEF 3461 (3, 631), P < 0.0001 1.56 (1, 631), P =0 025 (3, 631), P=085 045 (1, 631), P = 049
TESL 4227 (3, 631), P < 0.0001 044 (1, 631), P =050 0.19 (3, 631), P = 0.89 0.00 (1, 631), P = 097
MESL 2264 (3, 631), P < 0.0001 0.19 (1, 631), P = 065 035 (3, 631), P =078 1.52 (1, 631), P = 0.1
Parameter of comparison task

RSS 60.77 (3, 631), P < 0.0001 033 (1, 631), P = 0.56 133 (3,631), P = 0.26 030 (1, €31), P = 058

NEF number of eye fixations, TESL total eye scanning length, MESL mean scanning length, RSS responsive search scores

In the digital eye-mark recording system, the detected eye  disorder patient, a neurotic disorder patient and a
movements were automatically analyzed by a digital computerized healthy control for the retention task. The eye fixation

EEM analyzer. As a result, four parameters emerged: number of eye ¥
fixations (NEF), total eye scanning length (TESL), mean eye scan- points were less frequent’ and the length of eye

ning length (MESL) and responsive search score (RSS). The NEE, ~ scanning was shorter in the schizophrenic patients
TESL and MESL were based on data of eye movements that oc- than in other groups.
curred during 15 s of the retention task. In the comparison task, the Table 3 shows the results of the ANCOVA. There

RSS was based on data of eye movements that occurred for 55 P— . . -
immediately after the question: “Are there any other differences?”. was a SIgmﬁcant main effect for dlagnosw but not for

More detailed descriptions of the EEM test methods have been gender or the interaction between diagnosis and

presented in our previous studies [16, 19]. gender (diagnosis x gender) on each retention task
parameter (NEF, TESL or MESL). Age as the covariate
I Statistical analysis was also not significant for any parameter. In the

multiple comparisons, the NEF, TESL and MESL were
As mentioned above, there were significant differences between the  significantly lower in the schizophrenic patients than
groups in the demographic data (age, gender and duration of illness; i "the other three groups. None of the parameters in

see Table 1). Thus, differences for each parameter (NEF, TESL, MESL P P, By =
or RSS) were tested by & two-way (diagnosis x gender) sualysis the retention task showed statistically significant dif-

covariance (ANCOVA) with age as a covariate. The duration of illness  ferences between the other three groups (Table 4,

was not adopted as a covariate; this was based on the hypothesis that Fig, 4).

the duration of illness for different di was not ial for the

group comparisons. For pairwise multiple comparisons, Bonferroni

adjustment was used (SPSS manual). In order to discriminate be- Responsive search score in the comparison task

tween schizophrenics and non-schizophrenics, we performed the

discriminant analysis between schizophrenics and non-schizophren-

ics with stepwise variable selection method using the above four .

parameters. Statistical significance was set at P < 0.01. All statistical ~ The representative examples of the RSSs for a

analyses were performed using SPSS for Windows version 14.0. schizophrenic patient, a mood disorder patient, a
neurotic disorder patient and a healthy control are

shown in Fig. 5b. Figures that were slightly different

Results from the original target figure were shown to the
subjects. The top figures have a bump in the left upper
! Group comparisons of the EEM test parameters part of the circles, but no bump on the left horizontal
plane. The bottom figures have no bump. In the

etention task comparison task, the subjects explore the figure again
and attempt to search for differences after the ques-
tion, “Are there any other differences?” The normal
Figure 3 shows the representative examples of the eye  control subject looked at six sections in the top figure
scanning tracks of a schizophrenic patient, a mood  and six sections in the bottom figure. Consequently,
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n of eye P

Table 4 Compari

s among groups

Parameters of retention task
NEF (mean + 5D) 2649 + 8.69 3272 £ 785 3336 = 7.70* 3315 £ 6.99*
TESL (mm, mean + SD) 1097.85 £ 533.54 149046 + 492.86" 1599.90 + 377.76" 1619.22 = 546.64"
MESL (mm, mean + SD) 4039 + 1145 45.21 + 1055 49.00 £ 9.17° 4812 £ 92"
Parameter of comparison task :
RSS (mean % SD) 636 + 237 843 £ 223* 886 + 232 887 + 1.95*
NEF number of eye fixations, TESL total eye scanning length, MESL mean scanning length, RSS responsive search scores
*P < 0.01 versus schizophrenia of Bonferroni
Fig. 4 The results of each NEF TESL
parameter for schizophrenic 504 2500 4
patients, mood disorder *
patients, neurotic patients and * * - *
normal controls ok L
NEF number of eye fixations, TESL '|' T
total eye scanning length, MESL i ] E 1500 4
mean scanning length, RSS - g
responsive search scores 20 4 ™ 1000
*P < 0,01 versus schizophrenia of
Bonferroni 10 4 500 4
0- 0-
Schizophrenia dm :Ieumnc Controls Schizophrenia dmt :;:':: Controls
MESL RSS
60 * * 12 " * %
50 10 4
T 401 B4
E ]
= 30 = 64
E
20 4 4
10 4 24
0 0 -
Schizophrenia dm :I'::: Controls Sct de hfwm,”‘ Controls

the RSS of the normal control was 12. Results for the
mood disorder patient and the neurotic disorder pa-
tient were similar to the normal control. On the other
hand, the schizophrenic patient looked at three sec-
tions of the top figure and three of the bottom. Thus,
the RSS of the schizophrenic patient was six. The
schizophrenic patient showed lower RSS than all
other subjects.

There was a significant main effect for diagnosis
but not for gender or the interaction between diag-
nosis and gender on the RSS by ANCOVA. Age as the
covariate was also not significant (Table 3). In the
multiple comparisons, the schizophrenic group had
significantly lower RSS than all other groups. There
were no significant differences between the patients
with mood disorders, patients with neurotic disorders
and healthy controls (Table 4, Fig. 4).

As shown in Table 1, there were significant dif-
ferences between the groups for gender and age in the

sample of this study. However, the two-way ANCOVA
neither demonstrated significant main effects of gen-
der as another factor of diagnosis nor gender by
diagnosis interactions on all EEM test parameters.
Moreover, group comparisons for all EEM parameters
controlling for age as the covariate were significant.
Therefore, this indicates that gender and age did not
influence the group comparisons of the EEM param-
eters,

I The EEM test and duration of illness

In our previous studies, we have not investigated the
relationship between the EEM test and duration of
illness in detail. Hence, we examined it in this study.
We divided schizophrenic patients into three groups
based on illness history (duration of illness: 1-5, 5-10
and >10 years), and compared the EEM parameters
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SCHIZOPHRENIA MOQD DISORDER

male: 28 yrs female: 26 yrs.

TOTAL SCORE 6 TOTAL SCORE 13

Fig. 5 a Seven sections for scoring the RSS. b The comparison task, RSS in a
schizophrenic patient, a mood disorder patient, a neurotic patient and a normal
control. When the RSS was scored, each horizontal S-shaped figure was divided
into seven sections. If the eyes fixed on 2 section, the fixation points were

between the three groups. As a result, ANOVA
showed no significant main effect in any parameter
(NEF: P = 0.71, TESL: P = 0.65, MESL: P = 0.12 and
RSS: P = 0.96).

Discriminant analysis

In the discriminant analysis, TESL and RSS were se-
lected as the valid parameters for discriminating be-
tween schizophrenics and non-schizophrenics. Using
these as predictive parameters, we performed a dis-
criminant analysis between schizophrenics and non-
schizophrenics. As a result, we obtained the following
discriminant formula: D = 4.100 — (0.001 x TESL

+ 0.332 x RSS). Utilizing this formula, we discrimi-
nated between 251 schizophrenics and 389 non-
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NEUROTIC DISORDER NORMAL CONTROL

female: 27 yrs. female: 40 yrs.

TOTAL SCORE 10 TOTAL SCORE 12

highlighted by unique colors. For example, when the eyes fixed in fourth sect-
ion, the fixation points were highlighted by green (see fourth section in a and
green fixation points of schizophrenia in b). Fixation points highlighted by gray
are out of the scoring area

schizophrenics (111 patients with mood disorders, 28
patients with neurotic disorders and 250 normal
controls). Consequently, 184 of the 251 clinically
diagnosed schizophrenics were discriminated as hav-
ing schizophrenia (sensitivity 73.3%); and 308 of the
389 clinically diagnosed non-schizophrenic subjects
were discriminated as non-schizophrenics (specificity
79.2%) in the discriminant analysis (Table 5).

Discussion

In most previous studies, there were no normal indi-
viduals or patients with non-schizophrenic psychiosis
in whom the parameters of the EEM test were similar to
those of schizophrenic patients. Only schizophrenic




iminant analysis for each group

Table 5 Results of discri

67/251 (26.7%)

i 184/251 (733%)
renics
Patients with mood disorders 33111 (297%)  78/111 (703%)
Patients with neurotic disorders 5128 (17.9%) 23/28 (B2.1%)
Healthy controls 43/250 (17.2%)  207/250 (82.8%)
Total non-schizophrenics 81/389 (20.8%)  308/389 (79.2%)

Schizophrenics were discriminated from non-schizophrenics with a sensitivity of
733% and a specificity of 79.2%

patients have consistently shown disturbances of the
EEM [16-20, 24, 25, 30, 43]. Moreover, we discrimi-
nated schizophrenics from non-schizophrenics with a
high probability using EEM data [19, 26]. Therefore, we
hypothesized that the EEM test may be specific to
schizophrenia. However, the samples used in our pre-
vious studies were not very large. Thus, the findings of
those studies required cautious interpretation and
additional studies with larger samples were needed to
confirm our findings. In our previous studies, one of the
most important reasons that we initially used smaller
samples was based on the prevailing method and
existing technology. The previous method relied on an
offline analog system, thus we devoted a substantial
amount of time to performing the test and analyzing the
data. Furthermore, the data analysis method was not
completely standardized; it was also not automatic. In
the present study, the authors developed a digital
computerized version of the EEM test. This newly
developed system handles the online detection of eye
fixation points during the EEM task. Using this system,
we yielded the following benefits: (1) automatic detec-
tion of eye movement data, (2) automatic standardized
data analyzing system, and (3) accordingly, the time
required to perform the test and analyze the data was
drastically reduced. Consequently, we did the first large
sample study to confirm our previous findings.

" Parameters of the EEM test

The NEF, TESL and MESL, parameters of the reten-
tion task, were significantly lower in schizophrenic
patients than in the other three groups. None of the
retention task parameters showed statistically signif-
icant differences between the patients with mood
disorders, patients with neurotic disorders and heal-
thy controls. These results indicate that eye move-
ments were less frequent and two-dimensional spatial
distributions of the eye movements were much more
limited in schizophrenics than in other groups.

The RSS, parameter of comparison task, was sig-
nificantly lower for the patients with schizophrenia
than for the other three groups and no significant
differences were found between the other three
groups. Nemoto et al. [29] investigated brain activa-
tion during a visual exploration task that was similar
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to the comparison task using the functional MRI in
schizophrenics and normal controls. The normal
control subjects showed activations at the bilateral
thalamus and the left anterior medial frontal cortex.
In contrast, the schizophrenic subjects had activations
at the right anterior cingulate gyrus, but no activa-
tions at the thalamus and the left anterior medial
frontal cortex. These findings indicate that the RSS
abnormality of schizophrenia may be associated with
the dysfunctions of the thalamus, frontal cortex or
cingulate gyrus. In all of our studies, only schizo-
phrenic patients have shown the RSS abnormalities
[16-20, 24, 25, 30, 43]. Therefore, the dysfunction of
neuronal networks involving the thalamus, frontal
cortex or cingulate gyrus may be associated with
schizophrenia.

! The medication effect for the EEM test

Almost all patients with schizophrenia were taking
neuroleptic medication. Consequently, the effect of
these drugs on the EEM test should be discussed.
Kojima et al. [20] investigated the effect of neuro-
leptics on the EEM test in schizophrenics. They con-
trasted a neuroleptic-medicated performance with a
non-medicated performance for the EEM test in the
same subjects. They found that the EEM perfor-
mances were not influenced by the use of neurolep-
tics.

[ Eye movement research of schizophrenia

As eye movement research of schizophrenia, saccadic
or smooth pursuit eye movement has been conducted
in many laboratories on a worldwide basis [8, 11, 21,
37]. However, abnormalities of saccadic or smooth
pursuit eye movement were shown in non-schizo-
phrenic patients [9, 12, 14, 22, 39]. However, as
mentioned above, the EEM abnormalities may be
specific to schizophrenia, and not influenced by
medication. Therefore, we used the EEM parameters
for discriminating schizophrenics from non-schizo-
phrenics.

I Discriminant analysis

By using the TESL and RSS as the valid variables, we
discriminated schizophrenics from non-schizophren-
ics with a sensitivity of 73.3% and with a specificity of
79.2%. This result was essentially consistent with our
previous study [19, 26]; however, the sample size of
the previous study was not very large. In this study,
we replicated our previous findings with higher
probability in a larger sample.

To date, there have been several studies that at-
tempted to discriminate between schizophrenics and
non-schizophrenics using psychophysiological or



neurophysiological measures. Shagass et al. [38]
quantified a basic EEG activity in unmedicated pa-
tients with schizophrenia, depression, mania, neu-
roses and personality disorders, and performed the
discriminant analyses between schizophrenics and
non-schizophrenics using quantified EEG data. They
discriminated schizophrenic patients from non-
schizophrenic patients with a sensitivity over 50%
and a specificity from 68.0 to 86.2%. Ogura et al
[31] recorded ERP, N200 and P300, to discriminate
between 37 schizophrenics and 29 normal controls.
They discriminated schizophrenics from normal
controls with a sensitivity of 88.2% and a specificity
of 85.2%. Pfefferbaum et al. [34] tried to diagnose
schizophrenia, depression and dementia using P300
measures but was unsuccessful. Mather et al. [23]
investigated the pursuit eye movements in 24
schizophrenics, 10 patients with unipolar depression
and 16 normal controls. They correctly classified
schizophrenics in 84% of cases. Price et al. [36] re-
corded MMN, P50, P300, and antisaccade in 60
schizophrenics and 44 normal controls; and they
investigated association between the multivariate
endophenotype and diagnostic groups with logistic
regression. In a logistic regression using all four
features, the diagnostic grouping had a sensitivity of
81.7% and a specificity of 72.7% in predicting group
membership.

Discrimination between schizophrenics and non-
schizophrenics using the EEM data demonstrated the
following characteristics: (1) both sensitivity and
specificity were higher than 70%, (2) schizophrenia
was compared with other psychiatric disorders, and
(3) the sample was large enough to confirm the re-
sults. Based on our findings and other studies, no
other study using a physiological measure for dis-
crimination meets all of the above criteria. There-
fore, we believe that the EEM may be useful for
discriminating between schizophrenics and non-
schizophrenics. Thus, the EEM measures may show
promise as a biological marker for the clinical
diagnosis of schizophrenia. However, in order to
apply the EEM to the clinical diagnosis of schizo-
phrenia, higher sensitivity and specificity values are
needed. Hence, we need a more detailed contrivance
for the application of the EEM for the diagnosis of
schizophrenia. Moreover, when discriminant analysis
is used in this type of study, the following approach
is recommended: (1) the discriminant analysis
should be performed among subjects, and a dis-
criminant function with excellent sensitivity and
specificity should be obtained; and (2) to test the
external validity of the discriminant function, it
should be applied to a group that is separate from
the study group. However, we did not use the above
recommended approach because we were eager to
have a prominent function by using a large sample
in this study. The findings of this study can be ap-
plied to other samples in the future.
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Abstract

Asperger’s disorder is one of autistic spectrum disorders; sharing clinical features with autism, but without developmental delay in
language acquisition. There have been some studies of intellectual functioning in autism so far, but very few in Asperger's disorder.
In the present study, we investigated abstract reasoning ability, whose form of intelligence has been labeled fluid intelligence in the theory
of Cattell [Cattell, R. B. (1963). Theory of fluid and crystallized intelligence: A critical experiment. Journal of Educational Psychology, 54,
1-22.], in children with Asperger’s disorder. A test of fluid intelligence, the Raven's Standard Progressive Matrices Test, was adminis-
tered to 17 children with Asperger’s disorder and 17 age-, gender-, and FIQ-matched normal children. The results showed that children
with Asperger’s disorder outperformed on the test of fluid reasoning than typically developing children, We suggest that individuals with

Asperger’s disorder have higher fluid reasoning ability than normal individuals, highlighting superior fluid intelligence.

© 2007 Elsevier Inc. All rights reserved.

Keywords: General fluid intelligence; Raven's progressive matrices test; Abstract reasoning ability

1. Introduction

Asperger’s disorder is a pervasive developmental disor-
der characterized by impairments in social interaction, with
restricted and repetitive patterns of behaviors and interests.
This disorder is a subgroup on the autistic spectrum, shar-
ing many clinical features with Autistic Disorder (Ameri-
can Psychiatric Association., 1994), but without clinically
significant developmental delays in language acquisition.
In Asperger’s disorder, basic language skills are intact,
although there are delays in nonverbal communication
skills and pragmatics (Stein et al., 2004). There has been
a report that individuals with Asperger's disorder often
have a distinct profile on standard tests of intelligence such
as the Wechsler Adult Intelligence Scale (WAIS) and
Wechsler Intelligence Scale for Children (WISC), charac-
terized by high verbal 1Q and relatively low performance
1Q (Klin, Volkmer, Sparrow, Cichetti, & Rourke, 1995).

* Corresponding author. Fax: +81 3 5379 0187.
E-mail address: di055010@sc.itc.keio.ac,jp (M. Hayashi),

0278-2626/% - see front matter © 2007 Elsevier Inc. All rights reserved.,
don:10.1016/.bande. 2007.09.008

Some studies have indicated that children with Asper-
ger’s disorder have high performances on the Vocabulary
and Comprehension verbal subtests of the WISC, while
their performances on nonverbal subtests, including Block
Design and Object Assembly, are impaired (Ehlers et al.,
1997). These findings at first sight suggest that individuals
with Asperger’s disorder have superior verbal crystallized
intelligence, rather than nonverbal fluid intelligence. How-
ever, Wechsler-type intelligence scale is not considered as a
test of fluid intelligence but rather an example of tests that
typically measure skills and knowledge, crystallized intelli-
gence (Gray & Thompson, 2004). General fluid intelligence
(gF) is a major dimension of individual differences and
refers to reasoning and novel problem-solving ability (Cat-
tell, 1963; Gray & Thompson, 2004). Empirically, fluid
intelligence is strongly associated with frontal executive
function (Duncan, Burgess, & Emslie, 1995), attentional
control and working memory (Conway, Cowan, Bunting,
Therriault, & Minkoff, 2002; Gray, Chabris, & Braver,
2003; Kane & Engle, 2002), and the core function of fluid
intelligence is the abstract reasoning ability, which has been
a component of most formal theories of intelligence (Stern-
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berg, 1985; Thurstone, 1938). On the other hand, general
crystallized intelligence is distinct from gF, referring to
overlearned skills and static knowledge such as vocabulary,
and there is empirical evidence for a distinction between the
psychological processes and the neural substrates that sub-
serve fluid reasoning and crystallized knowledge (Cattell,
1963; Duncan et al., 1995). As a test of fluid intelligence,
the Raven Progressive Matrices test (Raven, Raven, &
Court, 1993) is regarded as one of the best measurements,
because it provides an optimal domain-independent mea-
sure of the abstract reasoning processes relevant to the
management of novel problem-solving goals in working
memory (Carpenter, Just, & Shell, 1990; Duncan et al.,
2000; Gray & Thompson, 2004: Gray et al., 2003).

In cognitive research with autism, 1Q is the most fre-
quent matching variable in use, and Wechsler scales, Brit-
ish Picture Vocabulary Scale (BPVS) and the Raven's
Coloured Progressive Matrices test (RCPM) are the fre-
quently used instruments to determine IQ. Motiron
(2004) claimed that there is a high probability of overesti-
mating the level of intelligence in percentile vales of BPVS
and RCPM score as compared to those of Wechsler scale,
recommending a replacement to Wechsler scale as a basis
of 1Q matching.

Thus, the RCPM is frequently used to assess intelli-
gence in individual with pervasive developmental disor-
ders. However, the RCPM was developed to assess
young children (5 to 101/2 years), whereas the Raven's
Standard Progressive Matrices (RSPM) was developed
for use with older children and adults (Raven et al..
1993). The colored backgrounds on which the problems
are printed attract attention and make the test spontane-
ously interesting (Raven et al., 1993), and so the way to
solve the problems on the RCPM is closely tied to the per-
ceptual and analytical processes. By contrast, most of the
problems on the RSPM are not as closely tied to the per-
ceptual format and require a more abstract characteriza-
tion in terms of dimensions and attributes (Carpenter
et al., 1990). Therefore, the RSPM is widely accepted as
a measure of high level analytical reasoning and of fluid
intelligence (Carpenter et al., 1990; Dawson, Soulieres,
Gernsbacher, & Mottron, 2007).

It is possible to assume that individuals with Asper-
ger's disorder would show low fluid intelligence, as in
the case of autistics who showed poor fluid reasoning
(Blair, 2006; Pennington & Ozonoff, 1996) and poor per-
formance on the tests of high-level integration or abstrac-
tion (Courchesne & Pierce, 2005; Just, Cherkassky,
Keller, & Minshew, 2004). However, a recent study by
Dawson and colleagues (2007) provided us with empirical
evidence that autistic children showed high scores on the
test of fluid intelligence using the RSPM. Such an empir-
ical study has never been documented in Asperger’s disor-
der or high-functioning autism. Here, we aimed to
examine fluid intelligence in children with Asperger’s dis-
order, using the Raven’s Standard Progressive Matrices
test (RSPM).
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2. Methods
2.1, Participants

Seventeen participants with Asperger’s disorder (10 boys
and 7 girls, ages 6 to 12 years) were recruited from the out-
patient’s clinic of one children’s hospital and took part in
this study. These participants all were found to meet
DSM-IV (American Psychiatric Association, 1994) criteria
for a diagnosis of Asperger’s disorder and were screened
for psychiatric disorders through an in-depth clinical inves-
tigation performed by two of us (M.K., a psychiatrist and
K.I, a child neuropsychologist) at the time of passing a
standardized diagnostic instrument, Exclusion criteria
included epileptic disorder, severe head trauma, the other
neurological illness, or serious medical problems. In partic-
ular, those who had attention deficit/hyperactivity disor-
der, learning disability and developmental dyslexia were
excluded from this study. None of them were on medica-
tion or showed signs of gross neurological abnormalities
at the time of testing.

Although all participants with Asperger's disorder
showed clinical symptoms including abnormal social inter-
action, and restricted and repetitive patterns of behaviors,
they could use single words by the age of two years and
communicative phrases by the age of three, and had no
echolalia, pronoun reversal, nor stereotyped language.

Participants with Asperger’s disorder showed a mean
full-scale 1Q of 96.7 (SD = 15.3) as measured with the
Wechsler Intelligence Scale for Children-Third Edition
(WISC-III), and their mean verbal 1Q (VIQ) (101.7 +
13.7) was higher than their mean performance 1Q (PIQ)
(91.5 + 19.3) [#(16) = 2.29, p < .05].

Seventeen typically developing children (10 boys and 7
girls) participated in this study as age- and sex matched con-
trols (NC). They were recruited from public primary schools
in Tokyo. All participants were initially screened by teachers
and were evaluated further by a structured psychiatric inter-
view of two independent child psychiatrists and medical
assessment. The exclusion criteria were a history of DSM-
IV psychiatric disorders including attention deficit / hyper-
activity disorder, learning disability and evidence of any
other organic diseases. These control children had a mean
FIQ of 99.8 (SD = 9.8) as measured with WISC-III, and
their mean verbal IQ (VIQ) (101.3 + 9.2) did not differ from
their mean performance 1Q (PIQ) (99.1 = 10.2) [1(16) = .96,
p = .05]. There were no significant differences on the mean of
age and FIQ score between the participants with Asperger’s
disorder and the control participants (p > .05, Table 1.). The
parents of each group were mostly from upper middle-class
social status, Written informed consent was obtained from
all participants and their parents.

2.2, Measures

The Raven's Standard Progressive Matrices test
(RSPM) (Raven, Court, & Raven, 1992) was administered
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Table 1
Descriptive characteristics of participants in control (NC) and Asperger's
disorder (AD) groups

Groups
NC AD
N (boys/girls) 17 (10/7) 17 (10/7)
Age (years) 9.5(2.5) 9.2(1.9)
WISC-ITT
FIQ 99.8 (9.8) 96.7 (15.3)
vIiQ 101.3(9.2) 101.7 (13.7)
PIQ 99.1(10.2) 91.5(19.3)°

Data are expressed as group mean and standard deviation in parentheses.
WISC-I11, Wechsler Intelligence Scale for Children-Third Edition.

* The mean P1Q score was significantly lower than the mean VIQ in AD
group (p < .05).

to the participants. The RSPM comprises 60 problems,
divided into five sets (A-E) of increasing difficulty, and
the cach set begins with easy problems and ends with diffi-
cult ones. Each item contains a matrix of geometric design
with one cell of the matrix removed, and there are six or
eight alternatives given to insert in place of the missing cell,
one of which fits correctly.

All participants were tested individually, and the RSPM
was administered without time limit.

3. Results

Mean numbers of correct responses on the RSPM in the
Asperger’s disorder (AD) and normal controls (NC)
groups are shown in Fig. 1. The number of matrices cor-
rectly solved in both groups were analyzed as a dependent
variable, and two-tailed t tests revealed that the AD group
(41.1 £ 9.3) made significantly more correct responses than
the NC group (30.7+103) [#32)=-3.08, p<.0l,
Cohen's ds = 1.05].

Furthermore, a two-way ANOVA with groups and gen-
der as variables, revealed significant main effects of groups
[F1.30)=8.69, p<.01] and group x gender interaction
[F(1,30) = 17.37, p <.01]. Regarding the boys, the AD
group (46.0+2.6) outperformed the NC group
(26.0 £ 2.6) [ds = 2.48). On the other hand, the girls in
the AD group (34.0 & 3.0) showed the equivalent number
of correct responses to the girls in the NC group
(37.4 + 3.0) [ds = 0.42].

There was no significant correlation between the number
of correct responses on the RSPM, and FIQ (r= .24,
p > .05), VIQ (r=.27, p>.05) and PIQ (r = .16, p > .05)
on the WISC-II1 for all children combined.

4. Discussion

The present study demonstrates that participants with
Asperger’s disorder made more correct responses on the
RSPM than did normal controls. The results of this study
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The number of correct responses on the RSPM

0

NC

AD

Fig. 1. Mean numbers of correct responses on the RSPM for control (NC)
and Asperger’s disorder (AD) groups. Open (left) and filled (right)
columns represent numbers of correct responses in NC and AD groups,
respectively, Vertical bars represent the standard error of the mean,

suggest that Asperger's disorder involves superior abstract
reasoning ability or higher general fluid intelligence. A the-
oretical account in the literature regarding the processing
of the Raven test (Carpenter et al, 1990) proposes that
the RSPM involves abstraction and goal management pro-
cesses. In order to solve the problems on the RSPM., it is
necessary to induce rules from the relationship between ele-
ments in matrices, and to generate and maintain goals in
working memory until a target satisfies a theorem as a
whole. As compared to normally developing children, the
performance on the RSPM in children with Asperger’s dis-
order was critically different and was significantly better,
implying the superiority in fluid intelligence in Asperger’s
disorder.

Moreover, from clinical case records of children with
Asperger’s disorder diagnosed by Hans Asperger and his
team, it was revealed that some individuals with Asperger’s
disorder had a special gift for abstract thinking and logical
reasoning (Hippler & Klicpera, 2003). Hans Asperger con-
tended, in his original paper, that the traits of this disorder
were in fact necessary for high achievement in the arts and
sciences (Wing, 2005). Logical reasoning ability is a pre-
mise for conducting scientific research, and in fact there
have been some outstanding scientists who were the cases
of Asperger’s disorder (Asperger, 1944; Frith, 2004). Such
clinical characteristics could be in correspondence to the
superior performance on abstract reasoning problems of
the RSPM in the present study.

Recently, an interesting study of autistic intelligence has
been published (Dawson et al.. 2007). In this study. autistic
children showed high scores on the RSPM. However, the
percentile score on the RSPM were higher than the percen-
tile scores on the Wechsler scales of intelligence in autistic
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children, while typically developing children did not show
such discrepancy. The results of this study suggested that
intelligence has been underestimated in autistics. Although
this study was conducted to children with autism, and some
autistics included 1Q score below the average, indicating
‘low-functioning’ autism (i.e., in the range of mental retar-
dation), our participants included children with Asperger’s
disorder who had average or high 1Q scores. Nevertheless,
the results of our study were in line with those of the study
by Dawson and colleagues (2007), since Asperger's disor-
der shares the same clinical features to autism in poor
social communication and is considered as one of autistic
spectrum disorders (Wing, 1981).

Recent cognitive neuroscience studies showed that ana-
lytic reasoning activates the left frontal cortex (Prabhaka-
ran, Smith, Desmond, Glover, & Gabrieli, 1997; Wharton
et al., 2000). Moreover, general fluid intelligence reflects
the function of a specific neural system, including the lateral
frontal cortex as one major part (Duncan et al., 2000; Gray
et al., 2003). Thus, the left lateral frontal function may play
an important role for fluid reasoning, and our results of
superior fluid intelligence in Asperger’s disorder may imply
the unique involvement in the left frontal lobe functioning.
Future research should explore the neural substrates for
fluid intelligence in Asperger’s disorder.

Although we demonstrated new cognitive characteristics
in Asperger’s disorder, there are some limitations in our
study. The major one is the small number of participants
with Asperger’s disorder. The results of this study sug-
gested that boys with Asperger’s disorder particularly per-
formed better on the RSPM. It might be because that males
are better at ‘systemizing’, that is, ‘to predict and to
respond to the behavior of nonagentive deterministic sys-
tems by analyzing rules that govern such systems’
(Baron-Cohen, 2002). Hans Asperger himself even noted
that autistic mind is an extreme variant of male intelligence
(Asperger, 1944; Frith, 2004; Wing, 2005). However, unfor-
tunately, it would be too early to reason from such a small
number of participants. The comparison of boys versus
girls in Asperger's disorder with more cases would be of
importance and should be carefully examined. Another
limitation is the lack of multiple measures of general fluid
intelligence in this study. Although we suppose that the
RSPM would be a good and convincing enough measure,
it would be hard to clearly articulate the types of cognitive
processes that the RSPM taps into. Future study is
expected to investigate general fluid intelligence with some
other cognitive tests in Asperger's disorder. Thirdly, the
children participated in this study were diagnosed as
Asperger’s disorder. This diagnosis was made only for
autistic children without relevant delay or deficits in lan-
guage development. It would be interesting and necessary
to compare the performance on the tests of fluid intelli-
gence in Asperger’s disorder with high-functioning autism.
Finally, what is the most puzzling for us is why persons
with Asperger’s disorder have such a special abstract rea-
soning ability? We should explore what cognitive factors
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associated with Asperger’s disorder would contribute to
high fluid intelligence in future research.

In conclusion, we demonstrated that individuals with
Asperger’s disorder are able to perform better on the
RSPM than normally developing individuals, and high-
lights superior abstract reasoning ability and high general
fluid intelligence in this disorder. This study provides new
insight into the cognitive strengths associated with Asper-
ger’s disorder.
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