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et al., 1998; DuPaul, Power, McGoey, et al., 1998). With the reliability of the scale, we obtained sufficient alpha coefficients,
indicating good reliability. Future studies should examine the reliability with the test-retest method.

We examined the validity of the scales in terms of the relationships with 1Q and standardized achievement tests (Japanese
and math). As a result, we found almost no relationships between the ADHD-RS scores and IQ, while there were significant
negative relationships between the ADHD-RS scores and standardized achievement test scores. These results agree with
DuPaul and Stoner (2003), who suggested that ADHD has nothing to do with IQ but negative relationships with academic
achievements, thus suggesting the scale’s validity.

We also compared the scores of the children with and without needs for special care evaluated by teachers, and found
that the children with needs for special care scored significantly higher than the children without the needs. Since this result
is agreement with DuPaul, Power, Anastopoulos, et al. (1998) and DuPaul, Power, McGoey, et al. (1998), it suggests the
construct validity of the Japanese version of home form of the ADHD-RS. Parents may be capable of seeing their children’s
ADHD tendencies from multiple viewpoints to some extent.

4.2. Sex and grade differences of ADHD-RS scores in japan

Our analyses of variance yield significant sex x grade interaction effects for Hyperactive-Impulsive. Among both the
females and males, the grade was found to have a significant simple main effect, with the score coming down as the grade
went up. Also, among the middle nursery children through seventh graders, the sex had a significant simple main effect, with
the males always scoring higher than their female children. This analysis in terms of interactions suggested that the
difference between the two sexes, which was evident among lower-grade children, diminished as children grew older until it
finally disappeared.

The sex had a significant simple main effect, with the males showing stronger ADHD tendencies than the females. This
finding is in agreement with the results of DuPaul, Power, Anastopoulos, et al. (1998) and DuPaul, Power, McGoey, et al.
(1998), which shows that males show stronger ADHD tendencies than females do in Japan as well. This also agrees with the
common impression held at classrooms.

4.3. Difference between Japanese data and USA data of ADHD-RS scores

We compared the scores between the US and Japan and found that the Japanese children scored lower than their US
children on Hyperactive-Impulsive in all the age groups, both males and females. In contrast, in Inattention, no significant
difference was found between the two nations, in any age group of males. In addition, Japanese females aged 8 through 10
scored higher than US children. Because the results in Hyperactive-Impulsive were in line with the corresponding
comparison results of teachers’ evaluations, many Japanese children might have less hyperactive tendency than do the US
ones. In Japanese culture characterized by collectivism, everyone is appreciated for reading the situation and not disturbing
anyone else (Jonhson, 1993; Markus & Kitayama, 1991). This cultural norm is internalized into children by their parents’
discipline and teachers’ education. As they grow up in this Japanese culture, they might learn to suppress their hyperactivity.
On this issue, Barkley (1998) compared the US and Japanese children in terms of introversion, a dimension of personality
deeply related to hyperactivity, and found that many Japanese children are more introverted than their US children, which
supports our understanding of our comparison result.

On the other hand, in inattention, no significant difference was found between the two nations among males, while the
Japanese females of the 8 through 10 age groups scored higher than did their US children. This contradicts the comparison
results of teachers’ evaluations. Of this, we can have different interpretations: it might suggest some characteristics of many
Japanese females of this age group, or it might reflect some characteristics of their parents’ evaluation frameworks. Since no
significant difference was found in any other age groups of females or in any age group of males, we can conclude that no
significant difference exists between the US and Japan, as a whole. Currently, no clear-cut interpretation is available, and
more researchers are required.

4.4. The relationships between ADHD-RS and PSPT

We had exploratory analysis of the correlation between ADHD-RS scores and the parental rearing styles. As a whole,
ADHD-RS showed significant relationships with parental rearing styles. While Praising, Easiness in bringing up, and Social
support were negatively associated with ADHD-RS, Scolding and Difficulty in bringing up were positively associated with
ADHD-RS. These findings suggest that parents or rearers who consider their children as having high ADHD tendencies scoid
their children more often than praising them and find it difficult to bring up a child. At the same time, we saw a tendency
among these parents or rearers that they do not enjoy bringing up a child. In Europe and North America, generally,
researchers have pointed out that many of the parents or rearers of ADHD children scold their children very often and do not
praise them often (Barkley, 1995). Our survey results agree with this, suggesting that similar tendencies exist in Europe,
North America, and Japan. In Japan, parents or rearers often tell their children to consider other people’s viewpoints and not
to disturb others or make them unhappy. This is the way a child is expected to control his/her behaviors in Japan (Jonhson,
1993). In doing so, parents or rearers often tell the children to consider emotions and empathize with others, in order to make
the children follow their instructions. This is in strong contrast to the Western way (Doi, 1971). Even many Japanese parents
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or rearers become overstressed by some ADHD symptoms and scold the child more and praise them less. For the reason,
parents or rearers found it hard to bring up their children. “Easiness in bringing up” is the scale for measuring behaviors in
early childhood (Tsujii, 2009). We found a negative correlation between ADHD-RS and this subscale. This suggests that
children with ADHD have some temperaments that made it hard for parents or rearers to bring up. There is the study
reporting the relationships between ADHD and young children’s temperaments (Barkley, 1998). The results of this study
agree with this study.

4.5. Limitation and perspectives

We conducted a large-scale survey using the home form of the ADHD-RS to compare the scores between the US and Japan
and to examine the correlates of ADHD-RS and the sex and grade differences of ADHD tendency. We have found that ADHD-
RS has sufficient reliability and validity, and provided a basic data of ADHD in Japanese children. However, some parts of our
results did not agree with some prior studies and what we know from our experiences. For instance, while some researchers
suggested the link between ADHD and academic problems (Barkley, 1998; McConaughy et al., 1988), parents or rearers’
rated inattention was not related to academic performance in this study. We consider that this difference reflects the
different viewpoints of evaluators. Parents’ or rearers’ evaluations based on the children’s behaviors at home can separate
inattention from academic performance. This suggests that it is important to use assessment from multiple viewpoints.
Inattention evaluated by teachers comes from children’s behavior in their classroom, and it may differ from inattentive
behavior evaluated by parents of rearers. In addition, in our survey resulits, the second graders scored higher than the first
graders and middle or senior nursery children did. This result is in contradiction with research results outside Japan. This
result suggests that standards of evaluation vary with children’s age in Japan. Thus, more researches are required in ADHD
screening measurement by parents or rearers. It is needed to include more items tapping the behaviors that are hard to
evaluate and to set up cutoff values for each age group. Moreover, though this surveyed covered only nursery, elementary
and lower-secondary children, a future survey should cover a broader range of schools to reveal developmental differences.
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Deficits in understanding the mental state of others (“mind-reading”) have been well
documented in individuals with pervasive developmental disorders (PDD). However, it is
unclear whether this deficit in social cognition differs between the subgroups of PDD
defined by the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition, Text
Revision. In this study, PDD was divided into high-functioning autistic disorder (HFA)
(n=17) and other PDD (n=11) consisting of Asperger’s disorder (n=8) and PDD-NOS
(n=3), and differences in mind-reading ability was examined between the two clinical
groups and controls (n=50) using a new advanced naturalistic task consisting of short
scenes from a TV drama showing communication in social situations. The task was divided
into visual and auditory tasks to investigate which modality was more valuable for
individuals with PDD to understand the mental state of others. The results suggest that
social cognition differs significantly between individuals with HFA and those with other
PDD, with no difference being found between those with other PDD and controls. Neither
the auditory or visual modality was found to be dominant in subjects with PDD in the
mind-reading task. Taken together, complex mind-reading tasks appear to be effective for
distinguishing individuals with HFA from those with other PDD.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

The term “theory of mind (ToM)", which describe the ability to attribute mental states to oneself or another person, was
introduced in psychology by Premack and Woodruff (1978). Since Baron-Cohen, Leslie, and Frith (1985) first reported
“deficit of ToM” in which the autistic condition is seen as a failure to attribute mental states to others, much work has been
conducted on ToM in pervasive developmental disorders (PDD). The ability to understand the mental state of others, which
underlies fundamental social skills, is also referred to as “mind-reading” (Baron-Cohen et al., 1985). The basic ToM test,
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usually consisting of the first and the second-order false belief tasks, is not sufficiently complex to detect deficits in adults
with high-functioning PDD (HFPDD) (Bowler, 1992; Happé, 1994; Ozonoff, Pennington, & Rogers, 1991). Thus, an advanced
ToM test, the Strange Situation Test, was devised by Happé (1994) in which participants are asked to provide an explanation
for non-literal statements (e.g. irony or lie) made by story characters. Happé's study demonstrated that participants with
PDD who passed the first and second-order false belief tasks did show specific deficits in ToM on this more complex test.

Many advanced ToM studies were subsequently conducted with adults with HFPDD in order to investigate subtle deficits
of “mind-reading” ability. The Eyes Test was created for adults with HFPDD as a mind-reading task that uses information
from the visual modality alone (Baron-Cohen, Wheelwright, & Jolliffe, 1997; Baron-Cohen, Wheelwright, Hill, Raste, &
Plumb, 2001). In the task, participants are shown photographs in which only the areas of the eyes are cut out from a person’s
face, and they are asked to identify the person’s mental state. Researchers have revealed that individuals with PDD provide
less correct justifications of mental state than controls, indicating that the Eyes Test is highly accurate in measuring mind-
reading ability. However, in the real world, in order to integrate all of the information which people express, we look not only
at the eyes of others, but also at their facial expressions, body language, posture and so forth. Moreover, we do not look at a
static face and body in the real world, but at a moving face and body. Thus, a task that presents dynamic information in both
the visual and auditory modality, such as video, was deemed to be more realistic and was expected to measure the ability to
understand others’ mental states in daily life. Accordingly, Heavey, Phillips, Baron-Cohen, and Rutter (2000) developed the
“Awkward Moments Test” which uses scenes taken from TV programs and commercials and Roeyers, Buysee, Ponnet, and
Pichal (2001) devised the “Empathic Accuracy Task” which uses recordings of real communicative interactions. In their
studies, participants viewed moving images (video) and tried to determine the mental states of the characters. Participants
with PDD provided less correct justifications of mental state than typically developing subjects.

More recently, a question has been raised about which of the auditory and visual modality is more valuable for adults
with PDD to understand the mental state of others. A task that extends the abovementioned advanced tasks into the auditory
modality was created by Rutherford, Baron-Cohen, and Wheelwright (2002), and a study employing this task with adults
with Asperger's disorder (AS) and high-functioning autistic disorder (HFA) revealed that both groups had difficulty
extracting mental state information from vocalizations (Golan, Baron-Cohen, Hill, & Rutherford, 2007). In addition, use of the
Cambridge “Mind-Reading” (CAM) Face-Voice Battery in adults with AS to test their cognition of 20 complex emotions and
mental states from faces or voices (Golan, Baron-Cohen, & Hill, 2006) showed that although the participants showed deficits
in social cognition when relying on either facial or vocal information alone, they could understand others’ mental state better
from the voices than from the faces. Given this finding among individuals with AS, one of the objectives of the present study
is to identify which modality—visual (facial expression, gesture and posture) or auditory (pitch, intonation and tone of
speech)—is more valuable for adults with PDD to understand the complex emotions of others. '

Most recent studies using the advanced mind-reading tasks with moving stimuli have treated adults with PDD as one group.
Some earlier studies, however, investigated the difference in mind-reading ability between the subgroups of PDD, especially
between HFA and AS, but still today it is unclear whether in fact the two disorders differ in degree of impairment of mind-
reading ability (Dahleger & Trillingsgaard, 1996; Ozonoff, Rogers, & Pennington, 1991; Ozonoff, South, & Miller, 2000; Zaitai,
Durkin, & Pratt, 2003). A recent study that compared the subgroups of HFA and AS with typically developing adults was
conducted by Spek, Scholte, and Van Berckelaer-Onnes (2010), who used the Eyes Test (Baron-Cohen et al., 1997), the Faux Pas
Recognition Test (Stone, Baron-Cohen, & Knight, 1998) and the Strange Stories Test (Happé, 1994). The findings suggested that
there was no significant difference in mind reading ability between individuals with HFA and AS on any of the tasks. However,
since Spek et al. did not employ the CAM or moving images in their mind-reading task, it remains to be determined whether
mind-reading ability differs on a more complex, moving mind-reading task between the PDD subgroups.

Thus, the second objective of the present study was to clarify whether any differences exist in mind-reading ability
between HFA, a typical PDD, and other PDD consisting of AS and pervasive developmental disorder not otherwise specified
(PDD-NOS). We hypothesized that individuals with HFA would show greater deficits in mind-reading ability than those with
other PDD.

2. Methods
2.1. Participants

The clinical group comprised 28 male adolescents and adults with PDD (mean age 24.5 years, SD =7.7 years, range =1 6-
45 years). Participants were recruited from a private child psychiatric clinic specializing in PDD or a research volunteer pool
of the PDD research group at the National Institute of Mental Health. All participants were diagnosed by experienced child
psychiatrists. The diagnostic process was conducted by a team of one child psychiatrist and one or two clinical psychologists.
The psychiatrist interviewed the parents about their child’s developmental history and daily behaviors. In parallel, in another
room, the clinical psychologist observed the social behavior and communication of each participant during the IQ test and in
conversation which included questions about daily life, their community and interpersonal relationships. Based on the data
obtained, the participants were diagnosed according to the established criteria of the Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition, Text Revision (DSM-IV-TR) (APA, 2000): 17 were diagnosed with HFA (showing qualitative
impairment in social interaction, qualitative impairment in communication, and restricted repetitive and stereotyped
patterns of behavior, interests, and activities), and 11 were diagnosed with other PDD, which combined 8 participants with
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Table 1
Descriptive characteristic of participants.
HFA* (n=17) Other PDD? (n=11) Control (n=50)
Mean SD Range Mean SD Range Mean SD Range
Chronological age 242 8.5 16-45 25.0 6.6 17-35 © 193 1.7 18-22
Full Scale IQ 103.2 135 87-132 108.2 9.7 88-119
Verbal 1Q 103.9 14.5 80-136 109.4 10.1 . 83=120
Performance IQ 100.3 16.7 72-126 106.5 16.4 66-127
AQ¢ 333 6.5 24-44 336 63 28-44

2 High-functioning autistic disorder.
b Pervasive developmental disorders.
¢ Autism Spectrum Quotient.

AS-and 3 participants with PDD-NOS (showing atypical autistic symptoms that are relatively mild and do not meet the
diagnostic criteria of the main symptoms of Autistic disorder). Also, 14 participants were tested using the Wechsler Adult
Intelligence Scale Reversed (WAIS-R), 3 were tested using the WAIS-Third Edition (WAIS-III), and 11 were tested using the
Wechsler Intelligence Scale for Children-Third Edition (WISC-III) (Wechsler, 1981, 1991, 1997). The characteristics of the
participants with PDD are shown in Table 1. All participants had a full intelligence quotient (FIQ) of at least 85. In addition, all
participants except one were administered the Autism Spectrum Quotient (AQ)-Japanese version (Wakabayashi, Baron-
Cohen, Wheelwright, & Tojo, 2005). No significant differences in FIQ (t= 1.1, p =.30), the verbal intelligence quotient (VIQ)
(¢=1.1, p=.29), the performance intelligence quotient (PIQ) (t=1.0, p=.35) and AQ (t=.18, p=.90) scores were found
between the HFA group and other PDD group. The participants had no other psychological diagnosis.

The control group consisted of 50 male students recruited from the University of Chiba (mean age 19.3 years, SD = 1.74).
They were no administered IQ tests, but on the basis of their grade level it was assumed that they had normal intelligence.

Written informed consent to participate in the study was obtained in advance from all participants and from their parents
when the participants were minors (<20 years of age), and the study protocol was approved by the Ethics Committee of the
National Institute of Neurology and Psychiatry.

2.2. Instruments

2.2.1. Visual and auditory tasks

We administered the Motion Picture Mind-Reading (MPMR) Task, which was originally designed to measure individual
differences among aduits in the general population (Wakabayashi & Katsumata, in press). The MPMR consists of short clips
from the TV drama “Shiroi Kyotou” (Kobayashi, 1978), which was famous in the 1970s but would not be well known to the
younger participants in this study. The storyline concerns malpractice at a famous medical school in Japan. The drama was
edited into clips using DVRaptor software (Canopus Company, Japan). The length of each of the 41 scenes ranged from 3 s to
11 s(mean 5.2 s). The MPMR Task thus contained more realistic material than the ToM tasks used in previous studies because
it contained scenes from dramatized real life. Moreover, the content was highly complex, including many non-literal scenes
with incongruent dialogue and mental states conveying, for example, characters who were lying or being ironic. The
participants were asked to understand the hidden intent, masked behind incongruent visual information (facial expression,
gesture and posture) and auditory information (the non-literal aspects of speech of pitch, intonation and tone).

In order to identify whether the visual or auditory modality was more valuable for adults with PDD to understand the
complex mental states of others, we modified the 41 clips of the MPMR to create one visual task and one corresponding
auditory task for each clip. For the visual task, the sound was edited out of each scene. For the auditory task, no picture was
displayed on the PC monitor and only the auditory stimuli composed of segments of the one character’s speech was heard
(see Fig. 1). In each of the visual and auditory trials, participants had to decide whether a label appearing on the PC monitor
described the character's mental state (intent) appropriately or not. Of the 41 clips, 27 were labeled correctly and 14
incorrectly (Table 2).

2.2.2. Autism Spectrum Quotient-Japanese version (AQ-Japanese version)

The AQ s a self-report questionnaire which measures the degree to which any adult of normal IQ possesses traits related
to the autism spectrum (Baron-Cohen, Wheelwright, Skinner, Martin, & Clubley, 2001). The AQ-Japanese version
(Wakabayashi et al., 2005) was used in this study.

2.3. Procedure

The participants were tested individually in a quiet room at the clinic or university. Both the visual and auditory task
stimuli were presented to the participants while were wearing headphones. The clinical groups viewed the stimuliona 13.3-
in. monitor of a laptop computer running Windows XP (Dynabook SS MX/190DR, Toshiba), while the control group viewed
them on a 17-in. PC monitor (Dimension XP 4400, Dell). The participants’ response to each item was recorded by computer.
Each task began with the message “To start, press the space key”. After 1 s, the stimuli were presented in either the visual or
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Fig. 1. Example of the test stimuli used in the visual task without auditory information (Scene 1, Feigning). In the auditory task which presented the
dialogue, “Um, I just feel like seeing you, big brother” there was no picture of the character displayed on the screen. In each of the visual and auditory trials,
participants had to decide whether the label appearing on the screen described the character's mental state (intent) appropriately or not.

auditory modality scene accompanied by the word or phrase describing a mental state. The participant was asked to judge
whether the word or phrase presented on the screen described the person in each scene appropriately or not. To record their
judgment, they pressed the F key to which was attached a small label saying “appropriate” or the J key to which was attached
the label “inappropriate”. One second after participants pressed a key, a message appeared saying “Next scene, press the
space key”, and as a participant pressed it, the next trial started. The presentation order of the 41 clips was randomized for
each participant.

Participants completed one practice trial for one visual and one auditory task before the experiment started. The order of
the visual and auditory tasks was counterbalanced. Throughout the entire test, a task requiring the participants to determine
the camera angle from which a photo was taken was inserted between the Visual tasks and the Auditory tasks to serve as
interference stimuli.

3. Results
3.1. Comparison of groups by diagnosis

Accuracy rate was determined by two-way repeated measures ANOVA. The main effect of Group was significant: the HFA
group had a lower accuracy rate than the other PDD and control groups. The main effect of Task was also significant in all
three groups. The interaction between Group and Task was not significant (F(2,75)=0.2, P=0.80).

The accuracy rate for each task modality is shown in Fig. 2. ANOVA revealed significant main effects for Task (F(1,75)=19.0,
P < 0.01) and Group (F(2.75)=7.9, P < 0.01). The accuracy rate was higher on the visual task than on the auditory task in all
groups. The interaction between Task and Group was not significant (F(2,75)=0.2, P=0.80). Results of Bonferroni multiple-
comparison tests showed that the accuracy rate of the HFA group was lower than that of the control group (P < 0.01) and the
other PDD group (P < 0.05). No significant difference was found between the other PDD and control groups.

3.2. Within-group comparisons of accuracy rate

No correlations were found for the HFA group and other PDD group with respect to the accuracy rates on the visual task
and auditory task, and FIQ, VIQ, PIQ and AQ scores.

3.3. Between-group comparisons of accuracy rate
The accuracy rates on the visual task and auditory task (41 items each) were compared between the HFA, other PDD, and

control groups using Fisher's exact test. As shown in Table 2, significant differences were observed for some items on the
Visual and Auditory task.

4. Discussion

This study investigated differences in mind-reading performance among PDD subgroups by using advanced mind-
reading tasks comprised of clips from a TV drama that included social context in the form of another character appearing and
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Table 2
Accuracy rate for determining the character’s mental state among the three subgroups of PDD.
Scene  Duration (s) ' Word/phase shown Visual Auditory
on screen .
HFA? Other PDD? Control  p HFA Other PDD Control p
(n=17) . (n=11) (n=50) (n=17) (n=11) {n=50)
1 3 Feigning 53 64 72 35 94 82 82 A7
2 3 Respectful 35 73 82 .00** 65 64 76 54
3 6 Sarcastic 71 73 82 .55 59 55 52 89
4 7 Ironic 82 100 88 .36 71 46 46 20
5 6 Pleased 30 c 64 48 .19 38 30 14 .10
6 3 Disbelieving 65 82 60 39 65 82 70 .62
7 4 Convinced 47 73 80 .03* 82 91 92 52
8 9 Confident 35 55 74 .o1* 29 - 55 70 .01*
9 6 Bluffing 82 82 72 .61 77 82 82 .88
10 3 Ingratiating 65 64 62 . .98 71 80 74 .87
11 6 Astonished 88 82 S74 45 71 73 48 13
12 3 Feigning : 82 91 76 .51 63 100 76 .08
13 4 Pretending not to want 77 82 64 .39 12 27 28 © -39
14 9 Ironic 77 90 ) 86 .56 65 73 72 .84
15 9 Sarcastic 59 73 92 . .01* 53 55 66 .56
16 4 Playing down 82 82 58 010 53 91 86 .01*
17 5 Coercive - ; N 65 73 68 91 56 64 88 01*
18 9 Worried 82 100 82 31 65 46 62 55
19 6 Lying 41 © 64 72 .07 71 55 72 .52
20 4 Ironic 88 64 74 .30 59 64 84 07
21 4 Guilty 41 91 86 .00™* 41 91 62 .03*
22 3 Sarcastic 41 64 64 24 47 82 68 14
23 9 Ingratiating ) 41 64 52 .50 81 91 88 72
24 3 Appreciative 29 91 84 .00 35 73 62 .09
25 4 Feigning 53 73 ; 82 .60 88 82 88 .85
26 5 Wondering 77 64 82 .40 18 36 50 .06
27 9 Praising 24 27 46 .18 29 36 38 .82
28 3 Angry 82 73 90 29 59 73 . 86 .06
29 5 Mocking 24 118 30 .68 12 10 32 13
30 3 Disappointed 77 46 68 22 47 55 60 .64
31 11 Figuring someone out, 41 91 46 .02* 53 82 68 27
32 4 Unsure how to react’ - 47 55 78 .04* 35 36 48 .58
33 3 Employing tactics 82 73 86 .56 69 100 78 14
34 7 Flattering 82 82 92 43 59 55 " 40 34
35 7 Teasing: 65 73 - 46 . .16 77 64 70 .76
36 6 Apologetic 77 73 96 .02* 29 72 78 .00™*
37 5 Covering up Embarrassed 71 100 82 .14 53 64 68 .54
38 7 Not liking 65 73 ‘86 .14 41 36 58 28
39 5 Modest 88 91 92 .90 71 90 ' 84 . 36
40 7 Sarcastic 77 46 56 21 59 73 78 31
41 9 Ashamed 31 36 62 .05* 47 80 ) 86 .00™*

Note: Words/phrases not appropriate to the scene are shown in bold italics. [tems shown in yellow highlight are under chance level of the control group.
Fisher's exact test, *p < .05, **p < .01.

2 High-functioning autistic disorder.

b Pervasive developmental disorders.

background scenery being visible. According to Adolphs, Sears, and Piven (2001) and Golan et al. (2006), compared to
recognizing general emotions, it is difficult for adults with PDD to recognize the intentions and emotions underlying facial
expressions that do not correspond with speech. All of the task items in the present study were designed to assess
participants’ understanding of hidden emotions and mental states that do not concord with the language heard, and these
items were thus expected to present some difficulty for adults with PDD. While differences were observed between the HFA
group and control group and between the HFA group and other PDD group, no differences were observed between the other
PDD group and control group. This finding suggests that a close relationship exists between cognitive ability, which is closely
connected with social communication such as mind-reading ability, and the behavioral characteristics of PDD as laid out in
the DSM diagnostic criteria. These findings replicate those of previous ToM research studies which showed that the
differential abilities in ToM may help to distinguish AS from autism (Ozonoff, Rogers, et al., 1991; Zaitai et al., 2003).

As to differences in mind-reading ability between the subgroups of PDD, Spek et al. (2010) previously reported no such
difference between subjects with HFA and AS. The contradictory results of our study and theirs might be due to the different
format of the tasks used. More specifically, the tasks used in their study might not be able to detect the subtle differences in
mind-reading performance between the HFA and AS subgroups. Golan et al.’s (2006) comparative study of individuals with
AS and those with typical development which used the CAM reported significant differences in performance on both the
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Fig. 2. Mean accuracy rate on the visual and auditory tasks for each group.

visual and auditory tasks, findings which do not accord with those of the present study. The reason for the discrepancy might
be attributable to the inclusion of social context in the MPMR clips, where, for example, two characters can appear together
on screen or background scenery can be visible. Also the participants’ response method differed between the two studies:
while Golan et al. (2006) asked participants to select a word from 4 alternatives to describe an appropriate mental state
matching facial expression and voice, we asked them to judge whether a word describing a mental state was appropriate or
not to the scene.

The present finding that individuals with other PDD showed accuracy rates close to those of the control group suggests
that adults with other PDD might understand other people’s minds to some extent. However, in everyday life, their social
communication is often not successful, which could suggest that even though they may understand other people’s mental
states, they might experience difficulties responding to them. Moreover, previous studies have shown that individuals with
PDD rely on strategies different from those of the general population when trying to understand others’ thoughts and
emotions (Baron-Cohen et al., 1999; Castelli, Frith, Happé, & Frith 2002; Happé et al., 1996). Future studies of the brain by, for
example, functional magnetic resonance imaging might reveal the difference in strategies adopted by individuals with other
PDD and controls.

The present study found no correlation between FIQ, VIQ and PIQ scores and task performance in the HFA and other PDD
groups. A previous study by Happé (1995) showed that VIQ score was correlated with mind-reading ability, whereas in the
present study there was no such relation between VIQ score and performance. This is because all participants hadanlQ>80,and
therefore differences in VIQ score were small among the PDD subgroups. Moreover, there was no correlation between AQ score
and task performance. A high AQ score indicates serious symptoms of autism, alongside which lower mind-reading task
performance would be expected. The finding therefore suggests that mind-reading ability might be associated with symptom
profiles that are in accordance with the diagnostic criteria of DSM-IV-TR, rather than degrees of autism as assessed by AQ scores.

Regarding test items that showed significant differences in accuracy rate between the three groups, the HFA group had
lower accuracy on most of the visual and auditory tasks than the other PDD and control groups. Contrary to expectation, the
accuracy rate of the HFA group for some items was under the chance level (50%) of the control group, and the other PDD
group showed a higher accuracy rate than the control group on several items, including “figuring someone out” on the visual
task and “guilty” on the auditory task. Moreover, the HFA group showed a higher accuracy rate than the control group on a
few items. We suspect that some emotions and mental states are relatively easier for adults with PDD to understand, based
on their previous experiences. This remains a subject for further investigation.

With respect to the objective of determining whether there exist differences in the mind-reading performance according
to whether the visual or auditory modality is used, we found no such differences. These findings are contrary to those of
Golan et al. (2006) who found that males with AS perform better on the auditory task than on the visual task, which suggests
that there may be no difference in understanding of others’ mind by modality. The reason for this may be attributable to the
complexity of the tasks and language used, or cultural differences between the two experimental settings. In general,
Japanese people make less obvious facial expressions than Western people, and as such, cultural differences might have
produced differences in the results.
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