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perception of emotional stimuli is known to interact with cortical areas (Tamietto & de Gelder, 2010). For example, the
amygdala response to emotional stimuli (in particular, low SF stimuli) has been found to arise automaticatly, without explicit
attention or awareness (Jiang & He, 2006; Morris, Ohman, & Dolan, 1999; Whalen et al., 1998; Vuilleumier et al., 2003). A
magnetoencephalographic study demonstrated that early-latency neural networks, including the amygdala (just after
100 ms), might be sensitive to fearful faces (Streit et al., 2003). Therefore, rapid processing within the subcortical pathways
may also have contributed to the differential response to fearful faces at the V1 level in TD adults.

Unfortunately, we could not replicate the SFE in neutral faces (Mitsudo et al., 2011). This was probably caused by a slight
difference in the face stimuli (they were trimmed to remove the hairline) and the differences between study populations.
Since the holistic processing of faces relies on low SF information, our findings partly support the idea that low SF facilitates
fearful face perception.

3.2. Lack of the “subliminal face effect” in HFASD

In the present study, HFASD adults exhibited no signs of SFE, as reflected by the unaltered N1 for stimuli of different
types and orientations. Since the TD group did not show upright SFE for neutral faces, we suggest that at teast emotional
face information conveyed by low SF is impaired in HFASD. Correspondingly, neuropsychological studies have
demonstrated impaired low SF processing in people with ASD. Compared with control participants, children with ASD
performed better when given high rather than low SF information during a face-matching task (Deruelle, Rondan, Gepner,
& Tardif, 2004). Another neuropsychological study compared emotional recognition between adult individuals with
Asperger syndrome and normal controls by manipulating the SF content of emotional faces (Katsyri, Saalasti, Tiippana, von
Wendt, & Sams, 2008). Given images with a very low SF, the participants with Asperger syndrome were less accurate than
controls in recognizing facial emotions, but this was not the case when given non-filtered stimuli (Katsyri et al., 2008).
Further, several psychological and physiological studies using magnocellular stimuli (such as motion stimuli) have found
deficient magnocellular function in people with ASD (Spencer et al., 2000; Sutherland & Crewther, 2010). Therefore, V1
magnoceltular function (related to low SF processing) may be impaired in adults with HFASD. Alternatively, it is possible
that the lack of SFE in the N1 amplitude in our HFASD participants was caused by impaired amygdala function, because the
amygdala is sensitive to emotional stimuli (particularly low SF stimuli; Vuilleumier et al., 2003). Adolphs, Sears, and Piven
(2001) investigated the recognition of emotional and social information, primarily from faces, in autism. They found that
the behavioral data of subjects with autism showed atypical social evaluations from faces similar to neurological subjects
with focal amygdala damage (Adolphs et al., 2001). In functional magnetic resonance imaging (fMRI) studies, individuals
with ASD showed decreased amygdala activity while making mental inferences from eyes and faces (Ashwin, Baron-Cehen,
Wheelwright, O'Riordan, & Bullmore, 2007; Baron-Cohen et al., 2000). Another fMRI study reported reduced activation in
the amygdala, pulvinar, and superior colliculi as well as in the fusiform gyrus while HFASD adults processed briefly
presented (23.4 ms) masked fearful faces (Kleinhans et al., 2011). Several studies have suggested that individuals with ASD
have decreased cortico-subcortical (Bookheimer, Wang, Scott, Sigman, & Dapretto, 2008) and cortico-cortical (Bird.
Catmur, Silani, Frith, & Frith, 2006; Koshino et al., 2008 ) connectivity during face processing. Our results may be interpreted
as reflecting this insufficient circuitry, which could affect the rapid, automatic, or implicit aspects of cortical and subcortical
face processing in people with ASD.

3.3. Clinical implications of abnormal automatic face processing in people with HFASD

Interestingly, the effect of subliminal fearful faces on the N1 in the control adults in our study disappeared when the
faces were inverted. That this phenomenon occurred during non-conscious face perception is consistent with
psychophysical (Zhou, Zhang, Liu, Yang, & Qu, 2010) and event-related potential (Mitsudo et al,, 2011) findings. Mitsudo
et al. (2011) reported an increased early P1 response that was present for upright faces but not for objects. This difference
between stimuli disappeared when the stimuli were inverted (Mitsudo et al., 2011). In another study, the conventional
behavioral face inversion effect was reflected in the N170 component (occipitotemporal region) with an increase in
amplitude and a delayed latency (Jacques et al., 2007). This effect was not present in the N1/P1 components (early occipital
region)(Mitsudo et al,, 2011). Thus, the response patterns between the subliminal upright and inverted faces i.e., the SFE, in
this and previous studies (Mitsudo et al., 2011) are clearly different from the conventional supra-threshold face inversion
effect.

There have been many reports showing a lack of or a reduced explicit supra-threshold face inversion effect in adults with
HFASD (Dawson et al,, 2002; Gauthier, Klaiman, & Schultz, 2009; Hobson, Ouston, & Lee, 1988; Joseph & Tanaka, 2003; Lahaie
et al., 2006; Langdell, 1978; Webb et al., 2012). However, to our knowledge, we are the first to report a lack of early occipital
sensitivity to face inversion in subliminal faces in people with ASD. Although the underlying neural mechanisms remain
controversial, our findings support the notion that individuals with ASD have altered subcortical face processing. Recently,
Bookheimer et al. (2008) investigated the neural basis of inverted face processing in ASD by using fMRI with a face matching
task, though they used supra-threshold face stimuli. They found significant differences in brain activation between ASD and
TD groups in the prefrontal cortex and the amygdala, and not in the FFA (Bookheimer et al., 2008). These findings may
converge with our neurophysiological findings to imply the presence of an aitered subcortical pathway in people with ASD,
resulting in altered face processing.
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3.4. Methodological limitations

Our sample size was small, considering the heterogeneity of autism. Thus, a much larger sample size will be needed to
better understand how face processing varies amongst individuals with HFASD. ANOVA is a relatively robust analysis tool,
even for a small sample size. Therefore, we believe that the lack of SFE in individuals with HFASD truly reflects underlying
pathophysiology. The intellectual function of the control participants was not assessed by cognitive testing, and was not
matched between those in the HFASD and TD groups. To what degree the difference in intellectual function between the two
groups affected the VEP findings is unclear. For the purpose of clinical diagnoses, we did not use standard tools such as the
Autism Diagnostic Interview - Revised or the Autism Diagnostic Observation Schedule because the Japanese versions of
these tests were not available at the time. Instead, we used a widely used scale (PARS) with high sensitivity and high
specificity in Japanese populations to identify individuals with ASD (Kamio et al., 2006b).
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Article history: Systematic qualitative analyses of verbal fluency might aid our understanding of the
Received 18 July 2013 characteristic cognitive processes in individuals with autism spectrum disorder (ASD). In

this study, we compared through qualitative and quantitative anatyses performance on
Accepted 19 August 2013 letter fluency (LF), category fluency (CF), and action fluency (AF) in adolescents and young
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Semantic strategy clusters during action fluency in individuals with HFASD compared to control participants.
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Generativity to verbal IQ for individuals with HFASD but not for control participants. We discuss these
results in terms of abnormalities in semantic/phonemic strategy choice, cognitive
flexibility, and generativity in ASD.

Verbal fluency
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1. Introduction

Autism spectrum disorder (ASD) is one of the neurodevelopmental disorders characterized by social and communication
deficits and repetitive/stereotyped behavior. Evidence suggests that higher-order brain dysfunctions, including executive
dysfunction, in ASD might be attributable to atypical neural development of the frontal lobe, possibly starting early in life
and persisting over a long period (Ben Bashat et al., 2007; Carper & Courchesne, 2000; Courchesne, Campbell, & Solso, 2011,
Hazlett et al, 2011: Noriuchi et al., 2010). Executive dysfunction in ASD involves aspects of planning and monitoring, the
inhibition of prepotent behaviors (Hughes, Russell, & Robbins, 1994; Ozonoff, Pennington, & Rogers, 1991; Prior & Hoffmann,
1990), cognitive flexibility (Hughes et al,, 1994; Ozonoff & Jensen, 1999; Ozonoff et al,, 1991), and generativity (Lopez,
Lincoln, Ozonoff, & Lai, 2005; Turner, 1997) among other functions.

Verbal fluency tests are widely used to assess executive function, especially cognitive flexibility and generativity
(Troster et al., 1998; Troyer, Moscovitch, & Winocur, 1997; Troyer, Moscovitch, Winocur, Alesander, & Stuss, 1998). The
three kinds of verbal fluency tests are letter fluency (LF), category fluency (CF), and action fluency (AF). LF requires a search
for words beginning with a particular letter to inhibit recall by semantic association (Crowford, Parker, & McKintay, 1992);
CF requires a search for words belonging to a particular semantic category; and AF requires generation of verbs in the
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absence of prompting stimuli (Piatt, Fields. Paclo, Koller, & Troster, 1999). The latter test is considered more sensitive to
executive function than the LF or CF tests (Woods et al., 2005: Woods, Weinborn, Posada, & O'Grady, 2007).

Previous research on verbal fluency in individuals with autism appears somewhat inconsistent. As for LF, some studies
have reported that children and adults with ASD can produce as many words as verbal ability-matched controls using the
letters F, A, and S (Barnard, Muldoon, Hasan, O'8rien, & Stewart, 2008: Minshew. Goldstein, Muenz, & Payton. 1992;
Minshew, Goidstein, & Siegel, 1993; Rumsey & Hamburger, 1988). However, Spek, Schatorjé, Scholte, and van Berckelaer-
Onnes (2009) have found that adults with high-functioning autism spectrum disorder (HFASD) performed worse than
controls using the letter M. As for CF, some studies demonstrated that children and adults with ASD generated fewer correct
responses than verbal ability-matched controls (Dichter, Lam, Turner-Brown, Holtzclaw, & Bodfish, 2008; Minshew et al.,
1992: Spek et al. 2009), whereas other studies reported that they produced as many words as their controls using the
“animal” category (Dunn, Gomes, & Sebastian. 1996; Minshew et al., 1995). However, Dunn et al. (1996 found that children
with ASD produced fewer prototypical nouns than did control children. To our knowledge, there have been no studies
reporting on ASD and AF.

To explore the cognitive processes underlying verbal fluency, Troyer et al. {(1997) focused on clustering and switching.
They defined clustering as the ability to generate words in a certain semantic or phonemic subcategory, which is considered
more efficient for word generation than a disorganized search. They defined switching as the ability to shift from one cluster
to another to avoid slowing down (Troyer et al,, 1997). Clustering in terms of cluster size (i.e., the number of words within
one cluster) reflects word storage (Abwender, Swan, Bowerman, & Connolly, 2001: Raskin, Sliwinski, & Borod, 1 Troyer
et al,, 1997). Switching in terms of the number of clusters reflects cognitive flexibility (Abwender et al., 2001; Tréister et al,,
1998; Troyer et al., 1997, 1998). In a study on LF and CF in children with HFASD, Turner (1999) suggested that the poorer
performance of these children relative to control children might be attributable to a failure to use phonemic or semantic
strategies to improve performance, rather than an inability to produce multiple responses per se. On the other hand, $pek
et al. {2009) found that adults with HFASD exhibited significantly impaired performance on both LF and CF tasks. They
reasoned that because these adults and their verbal ability-matched controls exhibited similar frequency of clustering or
switching during LF and CF, their poorer performance on verbal fluency tests was not attributed to insufficient use of
strategies or to difficulties switching between strategies, but rather to the relatively low processing speed found in adults
with HFASD.

Currently, insufficient evidence exists to draw any conclusions about the utility of verbal fluency tests for individuals with
ASD. However, systematic qualitative analyses of verbal fluency might contribute to our current understanding of the
characteristic cognitive processes in individuals with ASD. Therefore, the aim of this study was to determine whether
adolescents and young adults with HFASD exhibit impaired performance on the LF, CF, and AF verbal fluency tests, and if they
do, to determine which test is more sensitive and whether the atypical cognitive strategies identified, such as clustering or
switching, are associated with such impairments in these individuals. Here we conducted LF, CF, and AF tests, determined
cluster-related indices, and compared conventional quantitative scores {e.g., number of total responses or errors) between
adolescents and young adults with HFASD and contro} participants matched by gender, age, verbal 1Q (VIQ), performance IQ
(PIQ), and full scale 1Q. We also examined the relationship between verbal fluency performance and age or I1Q to explore
possible developmental plasticity and compensation.

2. Material and methods
2.1. Participants

We recruited participants from psychiatric clinics and local schools. Both authors, who are experienced child
psychiatrists, diagnosed participants in the HFASD group (n = 30; 8 with autistic disorder, 14 with Asperger's disorder, 8 with
pervasive developmental disorder-not otherwise specified) based on clinical information according to the DSM-IV-TR
(American Psychiatric Association, 2000). We confirmed that control participants (= 18) had no history of head injury,
neurological disorder, or severe psychiatric disorder, although two control participants were diagnosed with social anxiety
disorder, two with generalized anxiety disorder, one with an adjustment disorder, and one with a manic episode that had
occurred 3 years earlier but was in remission at the time of participation. Diagnostic agreement was obtained for all
participants (n=48).

Some participants were receiving medication, although the amount was small (14/30 participants with HFASD,
specifically 4 atypical antipsychotics, 6 selective serotonin reuptake inhibitors, 4 mood stabilizers; and 10/18 control
participants, specifically 2 atypical antipsychotics, 5 selective serotonin reuptake inhibitors, and 3 mood stabilizers). The
proportion of participants taking medication did not significantly differ between the two groups (x? test). The mental
conditions of all participants were stable at the time of participation. All participants had sufficient verbal and cognitive
abilities as measured by the Japanese version of the WAIS-R, with no significant group differences (full scale 1Q: t=.59; VIQ:
t=.40; PIQ: £=.74). The gender ratio (5:1) was identical and mean chronological age (CA) did not significantly differ between
groups (t=1.23) (Table 1).

The protocol of this study was approved by the Ethics Committee of the National Center of Neurology and Psychiatry,
Japan and was performed in accordance with the Helsinki Declaration of 1975, as revised in 2000. Informed consent was
obtained from the parent of each minor participant and each adult participant.
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Demographic characteristics of participants.
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Parameter HFASD (n=30) Control (n=18)

Age (years) Mean (SD) 19.2 (2.6) 201 £2.0
Range 16:00-25:11 16:01-24:03

Gender M:F 25:5 15:3

Verbal 1Q Mean (SD) 101.9 (13.9) 103.5 (12.4)
Range 76-134 80-121

Performance IQ Mean (SD) 96.4 (14.0) 99.6 (15.5)
Range 72-128 78-134

Full scale 1Q Mean (SD) 99.6 (12.8) 101.9 (13.9)
Range 74-121 78-126

Note: 1Q: intelligence guotient; HFASD: high-functioning autism spectrum disorder.
None of the parameters exhibited significant group differences.

2.2. Task

Letter fluency (LF): For words beginning with the Japanese syllables “a”, “ka”, and “shi” (lto, Hatta, Ito, Kogure, &
Watanabe, 2004), participants were asked to generate as many words as possible within 60 s. The mean number of correct
responses by healthy Japanese adolescents and adults (aged 18-30 years) was 11.2 (SD 3.5), 12.6 (3.0), and 10.3 (3.5),
respectively (itc et al., 2004).

Category fluency (CF): For words in the “animal”, “sport”, and “vehicle” categories, participants were asked to generate as
many words as possible within 60 s. The mean number of correct responses by Japanese healthy adults aged 18-30 years for
“animal” was 18.0 (SD 3.6), and that for “sport” was 16.1 (3.6) (ito et al., 2004). To our knowledge, the Japanese reference
value for “vehicle” in aduits has not been reported, but we chose this category expecting it would generate a sufficient
number of related words from participants with ASD. We considered that if they produced too few words due to poor
vocabulary, true qualitative analysis would be impossible.

Action fluency (AF): Following the protocol of Piatt et al. {1999), participants were asked to generate words describing
what people do without using the same word with different endings, such as eat, eating, and eaten. The mean number of
correct responses by healthy adults aged 22-66 years was 18.2 (Woods et al., 2005), but no Japanese norm has been reported.

Each task was administered with instructions to refrain from repeating words and saying proper nouns. Before each trial,
participants practiced LF (*‘sa”) and CF (“fruit”) tasks to confirm that they understood the instructions. We examined each
participant individually. Order of the LF, CF, and AF tests was counterbalanced among participants.

2.3. Scoring

2.3.1. Quantitative analyses

We counted the number of total responses, correct responses, and errors for LF, CF, and AF, respectively. We classified
errors into perseverations and intrusions. If there were any proper nouns among intrusions, we counted the number of
proper nouns.
2.3.2. Qualitative analyses

A sernantic cluster was defined as a group of successively generated words belonging to the same semantic subcategory
(Raskin et al.. 1992; Troyer et al.,, 1897). The subcategory exemplars under the animal category were “pet”, “farm animal”,
“bird”, “carnivorous”, “insect”, or “fish”. In cases of AF, a group of words expressing “gross motor” (e.g., stand up, walk, or
jump), “vital activities” (e.g., sleep or wake up), and “prosocial behaviors” (e.g., help or encourage) were treated as
subcategories. A phonemic cluster was defined (as per Troyer et al.'s studies) as a group of successively generated words
beginning with the same two syllables (e.g., a/sa/hi [meaning “rising sun”] and afsa/gafo [meaning “morning glory”]).
Although clusters were defined as two or more related words (Abwender et al., 2001: Koren, Kofman, & Berger, 2005), in the
present study we counted cluster size starting with the first word but not the second word in a cluster. We used the number
of clusters as a measure of cognitive flexibility, in accordance with Koren et al. (2003},

3. Results
3.1. Quantitative analyses

311 LF

We observed no significant group differences in the mean number of total responses, correct responses, perseverations,
intrusions, or proper nouns when “a”, “ka”, and “shi” trials were combined (Tabie 2). However, for separately compared
trials, the HFASD group generated significantly more intrusions in the “ka” trial than did the control group (U=203.0,
p < 0.05, r=.37) with a moderate-sized between-group difference.
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Table 2

Results of quantitative analyses on letter fluency of the HFASD and control groups.
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Quantitative index HFASD Control
Total
Total responses 30.53 41193 32.78 £8.37
Correct responses 28.77 £ 11.94 32114822
Perseverations 0.16+0.59 0.056+0.23
Intrusions 1.63+3.06 0.61:+1.14
Proper nouns 1.40 +2.85 0504 1.04
“a” trial
Total responses 9.63 +4.01 11.05+3.68
Correct responses 8.83 +3.80 10.61 £3.63
Perseverations 0.033+0.18 0.055 4 0.23
Intrusions 0.76 £ 1.25 0.38+0.77
“ka” trial
Total responses 11.36 + 4.64 12.05 +3.47
Correct responses 10.80 £ 4.58 12.00+348
Perseverations 0.10 £ 0.40 0
Intrusions 0.46 + 093 0.055 +0.23
“shi” trial
Total responses 9.56 +4.38 9.66  2.93
Correct responses 9.13+471 950274
Perseverations 0.0330.18 0
Intrusions 0.40 + 145 0.16+0.38

Note: HFASD: high-functioning autism spectrum disorder.

*p<0.05.

3.1.2. CF

The HFASD group generated significantly fewer total responses and correct responses, and more intrusions than did the
control group in combined “animal”, “sport”, and “vehicle” trials with moderate effect size (U=173.5, p <.05, r=.38;
U=158.5, p < 0.05, r=0.43; U=183.0, p < 0.05, r=0.43, respectively; Table 3).

For each trial, the HFASD group produced significantly fewer correct responses for “animal” and “sport”, and tended to
generate significantly fewer responses for “vehicle” (U=174.0, p < 0.05, r=0.38; U=173.5, p<0.05, r=0.38; U=183.5,
p=0.058, respectively) than did the control group. The HFASD group had significantly more intrusions for “sport” and
“vehicle” than did the control group (U=202.5, p < 0.05, r=0.37; U=176.5, p < 0.05, r=0.37, respectively).

Table 3

Results of quantitative analyses on category fluency of the HFASD and control groups.

Quantitative index HFASD Control
Total

Total responses 42,40 +14.07 48.44 4 8.61

Correct responses 41.07 £13.2 48,05 +: 8.41

Perseverations 0.30 1 0.65 0.334059

Intrusions 1.03 £1.93 0.056+0.23
Proper nouns 030093 0

“animal” trial
Total responses 17.66+£6.99 20.50 +4.90
Correct responses 17.46 +7.07 20.33+4.86
Perseverations 0.10:: 040 0.16:0.51
Intrusions 0.10:0.54 0

“sport” trial
Total responses 13264492 15.224:3.38
Correct responses 12.80:+£4.71 15.00 4341
Perseverations 0.066 +0.25 0.16 +0.38
Intrusions 0.40 +0.67 0.055 +0.23

“vehicle” trial
Total responses 11.45 4:3.61 12.72.£3.26
Correct responses 10.80+3.21 12.72 4 3.26
Perseverations 0.1340.40 a
Intrusions 0.53 4097 0

Note: HFASD: high-functioning autism spectrum disorder.

*p<0.05,'p<0.1.
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Table 4
Results of quantitative analyses on action fluency of the HFASD and controf groups.
HFASD Control P
Quantitative index
Total responses 14.90 6,63 17.22 +:4.31 0.069
Correct responses 12.53 % 6.69 16,56 £ 4.23 N
Perseverations 0.13£0.35 0.28 + 0.46
Intrusions 2.23 £4.60 0.39 £0.7
Note: HEASD: high-functioning autism spectrum disorder.
*p < 0.05.
3.1.3. AF

The HFASD group generated significantly fewer total correct responses (U= 150.0, p < 0.05, r=0.33) compared to the
control group, with a moderate effect size (Tabie 4). Total responses tended to be fewer in the HFASD group than in the
control group (U=185.0, p=0.069).

The mean number of correct responses by the control group for each trial was almost comparable to those reported in
previous studies (its et al., 2004; Mitrushina, Boone, Razani, & [VElia, 2005; Woods et al, 2005).

3.1.4. Relationship between number of correct responses and age, VIQ, or PIQ

To investigate whether underlying cognitive processes differed between the two participant groups, we conducted forced
entry regression with age, VIQ, and PIQ as predictor variables and the number of correct responses as a criterion variable. For
AF, VIQ was a significant predictor of the number of correct responses in the HFASD group (R?=0.22, p < 0.05), whereas no
such relationship was found in the controf group. For LF and CF, neither age nor VIQ or PIQ in either group was significantly
correlated with the number of correct responses.

3.2. Qualitative analyses: mean cluster size and number of clusters (Tabie 5)

We analyzed mean cluster size and number of clusters using a two-way ANOVA with a between-subject factor, Group
(HFASD and control) and a within-subject factor, Strategy (semantic and phonemic), for each of the three verbal fluency tests.

3.2.1. LF

Neither mean cluster size nor number of clusters differed significantly between the groups. The number of
semantic clusters in the HFASD group tended to be significantly fewer than that in the control group (U=187.5,
p=0.069).

Table 5
Results of qualitative analyses of the HFASD and control groups.

Qualitative index HFASD Control P

Letter fluency
Mean cluster size

Semantic 2035 111 1.97 £0.75
Phonenic 1974114 1.75 4 1.03
Number of clusters
Semantic 1.66 4 1.22 2174136 0.069
Phonemic 2754231 2204247

Category fluency
Mean cluster size

Semantic 2.68::0.75 2.46 +0.64

Phonemic 1.82 066 1.83 4 0.64
Number of clusters

Semantic 9.38 £4.15 11.46 + 444

Phonemic 2.02 £ 1.36 2034094

Action fluency
Mean cluster size

Semantic 2.68 + 1.03 2,70 £ 045
Phonemic 0.90 + 1.08 0.44 . 0.88
Number of clusters
Semantic 2.98 £1.53 4.28 4153 .
Phonemic 0.50 +0.62 0.20 + 048 N

Note: HFASD: high-functioning autism spectrum disorder.
< 0.05.
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322. CF
Neither mean cluster size nor number of clusters differed significantly between the groups.

3.23. AF

Although we found no significant group differences for mean cluster size, the number of both semantic and phonemic
clusters significantly differed by group. The HFASD group had significantly fewer semantic clusters and significantly more
phonemic clusters than the control group (U= 174.5, p < 0.05, r=0.40; U=181.0, p < 0.05, r=0.26, respectively).

3.2.4. Relationship between number of clusters and age, VIQ, or PIQ

To investigate the association between switching and age, VIQ, or PIQ for each group, we calculated Spearman’s rank
correlation coefficient for LF, CF, and AF, respectively. A significant correlation was found only between the total number of
clusters for AF and VIQ in the HFASD group (p=0.50, p < 0.01).

4. Discussion

To our knowledge, this study is the first to examine AF in individuals with ASD, specifically HFASD, and to identify both
quantitative and qualitative abnormalities. Our main finding was that, among three types of verbal fluency tests, AF most
discriminated adolescents and young adults with HFASD from matched controls using qualitative as well as conventional
quantitative analyses. That is, during AF, adolescents and young adults with HFASD in our study produced fewer correct
responses and used a different strategy for switching from one cluster to another compared to control participants. On the
other hand, only number of correct responses and intrusions differed significantly between the two groups for CF, while we
found no significant group differences for LF.

A small number of clusters is considered to reflect deficits of cognitive flexibility (Abwender et al, 2001; Reverberi,
Laiacona, & Capitani, 2006; Tréster et al., 1998; Troyer et al,, 1997, 1998). We observed a smaller number of semantic clusters
for AT in individuals with HFASD, which is consistent with the previous study of Boucher {1988) in which children with
HFASD failed at word generation without category cues. In our study, because LF and CF instructions contained cues,
participants of both groups appeared similarly to depend on a phonemic strategy for LF and a semantic strategy for CF. On the
other hand, AF involved word generation without cues. These differing test requirements might explain why AF was the most
sensitive in discriminating individuals with HFASD from control participants in our study.

For AF, individuals with HFASD produced significantly more phonemic clusters than control participants. This relatively
enhanced phonemic strategy appears to compensate for diminished semantic processing (Fein et al., 1996 Kamio, Robins,
Kelley, Swainson, & Fein, 2007; Minshew & Goldstein, 2001; Rumsey & Hamburger, 1988; Toichi & Kamio, 2003). Further, the
total number of clusters produced by those with HFASD was significantly correlated with VIQ, although we found no
correlation for control participants. Similarly, the number of correct responses produced by those with HFASD was
significantly correlated with VIQ, and we found no correlation for control participants. This overall overdependence on VIQ
while individuals with HFASD were performing the AF task appears to reflect atypical cognitive processes underlying word
generation without cues in ASD.

As for response number during LF, our results are consistent with those of most previous studies (Barnard et al, 2008,
Minshew et al., 1992, 1995; Rumsey & Hamburger, 1988). As for the response numbers during CF, our results are also in line
with most previous studies (Dichter et al., 2009: Minshew et al, 1992; Spek et al., 2009). Moreover, we found a discrepancy
between quantitative and qualitative analyses for CF which is also consistent with the study by Spek et al. (2009) in which
adults with HFASD produced fewer responses but exhibited unimpaired switching from one semantic cluster to another.
Although Spek et al, (2009) concluded that the fluency deficits of the participants with HFASD could not be attributed to
insufficient use of strategies or to difficulties in switching between strategies, our results based on three verbal fluency tests
provide evidence that atypical use of switching in adults with HFASD underlies fluency deficits.

Finally, participants with HFASD generated significantly more intrusions in our study, whereas control participants rarely
did so. One explanation is that those with HFASD have difficulty inhibiting inappropriate responses in the current context
(Hughes et al,, 1994; Czonoff et al,, 1991; Prior & Hoffmann, 1990). For example, intrusions occurred in the “sports” trial,
including “muscle training”, “horse racing”, or “Japanese chess”. Among the intrusions, only the HFASD group generated
proper nouns during CF, suggesting that this group failed to use an appropriate semantic strategy. In a case study of proper
name hypermnesia in an autistic “savant” subject, Mottron, Belleville, and Stip {1996} proposed that their subject
memorized lists of proper names without using semantic strategies and instead relying on the items’ non- hierarchical
surface characteristics.

5. Conclusions

This study demonstrated that adolescents and young adults with HFASD had poor performance on the CF and AF tests. In
particular, AF testing seemed most sensitive to abnormalities in semantic/phonemic strategy choice, cognitive flexibility,
and generativity in ASD. However, we need more evidence about AF to draw any conclusion about its specificity to ASD.
Because previous verbal fluency studies reported that girls generated more phonemic clusters and showed greater cognitive
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flexibility than boys (Abwender et al,, 2001; Koren et al., 2005), further research is needed to explore sex differences and
developmental changes in verbal fluency in individuals with ASD.
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Issues of School Mental Health in Japan : Evidence from Studies Based in
Primary/Secondary Schools

Yoko Kamio, Aiko MoriwakL, Eiko INOKUCHL, Naoko Inapa, Reiko Taxer, Miho KURODA,
Takayuki Naxanacui, Hidetoshi TAKAHASHI

Department of Child and Adolescent Mental Health, National Institute of Mental Healih,

National Center of Neurology and Psychiatry

Recent studies have shown that early intervention for psychiatric disorders and symptoms
in children will improve their QOL in adulthood. Although more than half of all adults suffering
from psychiatric disorders experienced psychiatric symptoms when they were children, it
remains unclear whether psychiatric symptoms in childhood can predict later psychiatric dis-
orders. In other words, which symptoms should be targeted for early intervention? Our recent
small-sized epidemiological study on primary school children in mainstream classes demon-
strated that children with autism spectrum disorders (ASD) but with normal intelligence are
likely to have comorbid psychiatric or subthreshold disorders. Another large-sized national
survey of children in mainstream classes aged 6-15 years supported the above finding * chil-
dren with autistic symptoms and/or traits are likely to have emotional or conduct difficulties at
the clinical level, and the frequency of difficulties does not decline with age. Importantly, this
finding is true for many children with subthreshold ASD symptoms, and suggests that natural
recovery is unlikely in children with autistic symptoms and/or traits. From the viewpoint of
maintaining and improving mental health in children, developmental screening to assist in
understanding the developmental and educational needs of children should be administered
along with starting comprehensive mental assessment at the preschool age. At school age,
mental health should be regularly assessed, particularly in children with risk factors such as
ASD or other developmental disorders, as this approach will help to prevent the later develop-
ment of psychiatric disorders. The following are needed to increase the awareness of psychiat-
ric needs in children : deep understanding of a child’s mental health through everyday behav-
ioral observation during school activities ; and a school support system to facilitate communica-
tion between teachers and other mental health professionals. Individual education supported by
such a mental health system can deal with the needs of children and their families, resulting in
a higher QOL.

< Authors’abstract >

<XKey words * emotional disorder, behavior disorder, autism, childhood, comorbidity >
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NAERZE B D, FHEEINC S YR I TAuh AR
ThHBECEERREEOMMT 5HT M0
Hyperinnervation 25388 65N/ & TH5HEDBH V.
SHT X TADARBNTHIFIROTRSENH E LT
BEESREERZLTNS Y,

1.2.1 a-["Cl-Methyl-L-tryptophan (AMT)
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