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Introduct ion

Once, infantile autism was considered a primary psychopathological disease of

emotional involvement and social communicative deficits in the family
environment (Kanner, 1943, 1944; Bettelheim, 1959, 1967). It was hypothesized
that this disorder with affective contact primarily contributes to the
disturbances of social relating and communication in unusual families. However,
most psychopathological investigation could not provide clear evidence of
parental characteristics of abnormal interactions with autistic children. About
30 years ago, B. Rimland (1964) and E. M. Ornitz et al. (1965a, 1965b) presented
the earliest detailed hypothesis that autism is not primarily a disorder of
psychopathological origin, but rather neurophysiological or neurobiological origin
in human brain functioning. Since that time, although many neurobiological

investigations have tried to find the etiological factors and biological markers
in autistic syndrome, we still have little understanding of interaction between
the unique behavioral abnormalities and the neurobiological factors. However,
more recent work which included study of genetics, neurotransmitter, brain
evoked potentials, and the use of positron emission tomography (PET), magnetic
resonance imaging (MEI), and magnetoencephalography (MEG) might elucidate this
enigmatic syndrome in the not-too-distant future (Campbell and Green, 1985;
Courchesne et al., 1987, 1988, 1989, 1992; Rumsey, 1992; Ritvo et al., 1985,

1989, 1990; Hari, 1990; Naruse et al., 1987, 1992; Erwin et al., 1991; Tsai et
at., 1992; Makela et al., 1994). Nowadays, autism cannot be considered one
etiology with a single pathologic mechanism producing a specific set of

symptoms, but it is associated with multiple etiologies, since there are
numerous pathological conditions, each of which could potentially cause central

nervous system (CNS) dysfunction.
This report mainly reviews the laterality research and the recently changing

views on neurophysiological mechanisms in infantile autism, and presents new
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findings in recognizing the causes of autistic symptoms.

1. Language Disorders in Autism

It is well known that language skills (including inflectional, phonological,
syntactic, morphological, grammatical, semantic and vocabulary) are always more

severely impaired in autism than perceptual skills. There is now considerable
support for the theory that a severe and global language deficit underlies

autism, so that autism is considered to be primarily a disorder of language
development. In particular, mean verbal IQ has been reported to be lower than
mean performance IQ in most widely used IQ tests. G. Dowson et al. mentioned
that the autistic child' s relative strength in performing visuo-spatial tasks,
identifying complex visual forms and patterns such as Block Design, Form Boards,
and Object Assembly, might suggest relative right hemisphere intactness (Dowson

et al., 1983, 1986, 1989). On the other hand, the particular pattern of language
developmental disorders in autistic children may constitute the deficits of
general abstractive, symbolic thought and cognitive functioning as major
symptoms of early infantile autism. M. Rutter et al. have explicitly developed
this position (Rutter et al., 1978, 1983), although the latter no longer
espouses this hypothesis that autism is considered to be primarily a disorder of
language and cognitive development (Hobson, 1986a, 1986b; Ornitz, 1983, 1992).
The hypothesis in considering language deficits to be primary in autism should

be rejected, because other language-impaired clinical patients, deaf, aphasic,
and retarded children all suffer delayed language development, but they do not
suffer from the symptoms that autistic children exhibit, and they can use and
comprehend gesture in their attempts to communicate, unlike autistic children.
Differentiation between primary and secondary etiological causes is important
for the focus of treatment. The language deficits in autism are a secondary
consequence of their corresponding lack of coordinated reference with other
people and difficulty interpreting affective signals (Hobson, 1986a, 1986b).

2. Handedness in Autism

An increased incidence of left-handedness or mixed-handedness in autistic
children has been cited as evidence for the hypothesis of left-hemisphere

disorders in autism. Increased left-handedness is taken to indicate that insults
to the left hemisphere have caused a switch in manual dominance from the injured
left hemisphere (controlling the right hand) to the intact right hemisphere
(controlling the left hand).

Normal children usually show inconsistent handedness until age 4, and
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handedness shows a fluctuation course in early childhood. It has been reported

that mixed hand preference might appear to be at a lower developmental level
than the children with dominance established, and a lower score on cognitive
tasks for these children might result, than children with established hand

pre ference.
We investigated characteristics of handedness in autistic and age-matched

mentally retarded children (Table 1), and analyzed the longitudinal data in

evaluation (ten items: such as cutting with a scissors, throwing a ball,
forefinger pointing, cutting with a knife, eating with a spoon, shoveling,

unscrewing a bottle cap, tracing a circular figure, picking up small objects,
and rubbing out with an eraser) concerned with left- or mixed-handedness versus
established hand dominance (Table 2). We found that left-handedness or mixed-
handedness is found more often in autistic children than in mentally retarded
samples (Fig. 1), and autistics with established hand preference were older than

autistic children with mixed-handedness according to the longitudinal data
analysis. Although left- or mixed-handedness has an elevated frequency in
autistic children compared with mentally retarded subjects, it is revealed only
in younger autistic subjects (Fig. 1). There were no significant differences
between the older two groups in degree or direction of hand dominance, although
the autistic group showed a significantly greater variance in hand preference.
This suggests that left- or mixed handedness in these samples can not be related
to incidence of certain left hemisphere damage. It is difficult to draw
conclusions based on a comparison of the two groups, because the finding
indicates a developmental delay rather than left-hemispheric impairment.

Table 1. Test scores of handedness in autistic
and mentally retarded children

A u t i s t ic  A g e  V o c a b u l a r y  H a n d e d n e s s

s u b j e c t s  a g e  *  q u o t i e n t  * *

1 . T . S . (m ) 6 - 1 0  2 - 0  R 5
2 . K . Y . (m ) 7 - 7  2 - 0  R 6
3 . T . K . (m ) 7 - 7  3 - 8  R 7
4 . # M . F . ( f ) 7 - 8  4 - 5  R I O
5 . # T . S . (m ) 8 - 5  3 - 0  R 7
6 .  S . T .  (m ) 8 - 5  5 - 1 0 (I Q 6 7 )  L l O
7 . T . K . ( m ) 8 - 6  4 - 0  E 6
1. S . S .  8 - 7 5 - 7  R 9
9 . # I . S . (蝣) 8 - l l  2 - 8  L 3
1 0 . S . T . ( f ) 9 - 4  6 - 0 ( I Q 6 8 )  L 7
l l. M . I . ( f ) 9 - 5  2 - 0 ( I Q 4 0 )  R 4
1 2 . # S . T . (m ) 9 - 7  3 - 1 0  R 8
1 3 . # H .  I .  ( m ) 9 - 8  7 - 2 ( I Q 6 9 )  R 7
1 4 . # 1 0 . ( 蝣) 9 - 9  6 - 7  L 6
1 5 .  K .  H .  (m ) 9 - l l  3 - 1 0 (I Q 4 7 )  R 5
1 6 . # H . K . (m ) 1 0 - 3  3 - 4  R 5
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17. H. Y. (m)10-6
18. Y. A. (u)lO- 6
19. M. N. (in)10- 7
20. H. Y. (n)ll-4
21.#H. N. (m)ll- 5

3-0
6- 6 (IQ65)
3-10 (IQ42)
2-0

12- 0 (IQ92)

L2
R6
K6
L3
E9

A v e r a g e  9 - 3  4 - 4  ( I Q 6 1 . 3 )  6 . 2 4

M e n t a l l y  A g e  V o c a b u l a r y  H a n d e d n e s s

r e t a r d e d  a g e  q u o t i e n t

l . # M . C .  ( f ) 6 - 8  5 - 6
2 . M . 0 . ( f ) 7 - 8  3 - 8 ( I Q 5 5 )  L 6
3 . T . K .  ( m ) 7 - l l  4 - 4 ( I Q 7 0 )  R I O
4 .  Y . M .  ( f ) 8 - 3  4 - 0 ( I Q 5 0 )  R I O
5 . # M . 0 . ( f ) 8 - 6  4 - 0  L 8
6 . M . Y . ( f ) 8 - 9  4 - 2 ( I Q 4 0 )  R l
7 . H . I . ( m ) 8 - 9  5 - 7 ( I Q 6 9 )  R 8
8 . # Y . K . ( f ) 8 - 1 0  6 - 0  R 8
9 . # T . K . ( 蝣) 8 - 1 0  7 - 6  8 1 0
1 0 . H . 0 . ( h i) 8 - l l  5 - 7  R 9
l l . # Y .  M .  ( f ) 9 - 2  4 - 2 ( I Q 6 0 )  R I O
1 2 . H . K . ( m ) 9 - 5  3 - 1 0  R 9
1 3 . # M . Y . ( f ) 9 - 7  3 - 1 0  R 8
1 4 .  K . S .  G o ) 1 0 - 1  1 2 - 0 ( I Q 7 2 )  R 8
1 5 . # K . 0 . ( m ) 1 0 - 2  7 - 4  R 7
1 6 .  A .  N .  C f ) 1 0 - 4  3 - 1 0 ( I Q 5 0 )  R I O
1 7 . # C .  T .  ( m ) l l - 1  9 - 8 ( I Q 7 3 )  R 7
1 8 . Y . L  ( f ) l l - 3  9 - 8 ( I Q 7 4 )  R 9
1 9 . Y . K . ( f ) 1 2 - 0  8 - 9  R I O
2 0 . M . A . ( m ) 1 2 - 3  5 - 9  R 9

Average 9- 3 6- 1 (IQ61.3) 8.25

Table 2. Longitudinal handedness data in
autistic and mental ly retarded chi ldren

A u t i s t i c  A g e  V o c a b u l a r y  H a n d e d n e s s

s u b j  e c t s  a g e  q u o t i e n t

1 . M . F . C f ) 1 2 - 8  6 - 1 0  R I O
2 . T . S . ( a ) 1 3 - 5  3 - 1 0  R I O
3 . H . I . ( m ) 1 3 - 8  1 2 - 0  K 6
4 . H . 0 . ( m ) 1 3 - 9  7 - 4  R 9
5 . I . S . O n ) 1 3 - l l  6 - 1  R 9
6 . H . K . ( m ) 1 4 - 3  1 0 - 1 0  R I O
7 . S . T . ( m ) 1 4 - 7  3 - 8  R I O
8 .  H . N .  ( i ) 1 5 - 5  1 2 - 0 ( I Q 9 1 )  R 9

A v e r a g e  1 3 -  8  7 -  8  9 . 1 3

M e n t a l l y  A g e  V o c a b u l a r y  H a n d e d n e s s

r e t a r d e d  a g e  q u o t i e n t

1.
2.
3.

C. (f)10-10
0. Cf)12- 8
K. (f)12-10

7-10
5-6
8-9

(IQ55)
(IQ70)

R7
R8
R8
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4. T. K. (m)12-10
5. Y. M. Cf)13-2
6. M. Y. (f)13-7
7. K. 0. (m)15-ll
8. C. T. (m)16- 1

10-0 (IQ70) RIO
5- 6 RIO
4-ll RIO

ll-10 (IQ72) RIO
12- 0 RIO

Average 13- 7 8- 2 9. 13

**

#: Longitudinal subjects
*: PVP (Picture Vocabulary Test by K. Ueno

et al. 1979)
Evaluation of Preference Handedness (ten
items: cutting with a scissors, throwing
a ball, fore-finger pointing, cutting
with a knife, tracing a circular figure,
picking up small objects, and rubbing out
with an eraser).

[These work were supported by Nioh Elementary
School and Fuzoku Yohgo School in Morioka
during 1979-1994. The author wishes to thank
R. Iwasaki, Y. Ito, M. fada, M. Matsuda, K.
Sato, K. Nemoto, M. Takeda, F. Chiba, E.
Sasagawa, N. Sato, and J. Sakamoto].
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A: Mean handedness quotients and vocabulary ages in autistic (n=21
and mentally retarded (n=20) children. B: Longitudinal handedness
quatients in each group.

3. Theories of Left-hemisphere Impai rment

Various central nervous system loci have been suggested as possible sites of
impairment in infantile autism. The possibility of a cognitive defect has
stimulated a number of investigations of possible pathology of telencephalic

linguistic processing, so that most theorists focus heavily on language
impairment as implicating left hemisphere deficit in autism. About twenty years
ago, Hauser et al. (1975) initially reported the pathological enlargement of the
left temporal horn and general widening of the left lateral ventricle by
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pneumoencephalographic (PEG) findings in 15 of 18 children exhibiting some
autistic behavior, which in these cases included dilatation of the third

ventricle, cortical atrophy, epilepsy, increased height of the fourth ventricle,
neglect of the right visual field, dilatation of the left temporal horn, and
distorted frontal lobes. Eight patients were left-handed, and 3 autistics had

failed to establish preferred handedness. However, other investigators could not
confirm the evidence of the left temporal lateral cleft enlargement presented by
Hauser et al. Since that time, it has been hypothesized that left hemisphere
impairment underlies the autistic syndrome (e.g. B. S. McCann et al., 1981),

because on the surface, the theory of left cerebral hemisphere dysfunction light
account for the language deficiets and cognitive symptoms of autism. Autistic
children apparently are proficent in tasks usually attributed to right
hemisphere functioning. Dowson et al. also reported a higher degree of left
rather than right hemisphere dysfunction in autistics in a comparison of
retardates, autistics, and bilaterally impaired neurological patients. Autistic

children showed lower left-hemisphere functioning than the control group, but
their right hemisphere performance was equal to retardates and higher than the
performance of neurological patients (Dowson et al., 1983). It is important to
note that this pattern is not specific to the autistic children and that most

cases exhibit bilateral involvement rather than isolated left-sided damage.
D. Fein et al. (1984)'s critical review suggested that the hypothesis of left-

hemisphere impairment overestimates the importance of linguistic abnormalities

in autistic patients. They argued that the left hemisphere impairment is not
primary, and that attentional, motivational or organizational defects of autism

are primary for the first several years of life.

A. Question of Right-Hemisphere Intactness

There is some evidence suggesting that the right hemisphere is specialized for
the directed attention and the perception of negative emotion, whereas the left
hemisphere is biased toward positive emotional stimuli (Natale et al., 1983;
Rueter-Lorenz et al., 1983). The right hemisphere may be dominant for mediation

an attention-arousal response, because patients with right hemisphere disease
show eiotional indifference and dramatically smaller arousal responses than do
patients with left hemisphere disease. Bear (1983) has described patients with
right-hemisphere lesions who fail to detect and sustain attention to emotionally

significant stimuli, and therefore fail to develop appropriate emotional
responses. Intact right hemisphere has the capacity to recognize the components
of certain types of emotional facial expression, but autistic patients show a

deficiency to direct attention toward emotionally relevant stimuli in their
environment. The right hemisphere attends to both contra- and ipsilateral
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stimuli, whereas the left hemisphere is more limited to contralateral attention.
Directed attention can be considered as an element of both sensory processing at

lower subcotrical structures and information processing at higher levels. It is
a complex neuropsychological construct, but neglect occurs more often after

right hemisphere lesions (Toshima et al., 1994). Margulies (1985) has attributed
the attentional component of directed attention almost exclusively to the
hippocampus and the intentional component to the nucleus accumbens. Thus, these

data can not support the theory of right-hemisphere intactness in autism.

B. Preference for Auditory Stimuli
E. Blackstock (1978) maintained that autistic children usually do not show the

normal right-ear advantage, and prefer nonverbal (music) to verbal auditory

stimuli in a dichotic listening task. When the experiment was designed to show
ear preference for verbal or musical stimuli by placing a child in a room with
two speakers, one playing music and one playing various speech stimuli, both at
a very low volume to demonstrate asymmetric hemispheric dominance, the subjects

put one ear up to the speaker in order to hear it. The autistic children showed
a left-ear preference (right-hemisphere advantage) for both melody and story

speech stimuli, whereas normal children showed a slightly left-ear preference
for melody and a right-ear preference (left hemisphere superiority) for the
speech stimulus. However, Blackstock' s data have not at all been confirmed in

the recent sophisticated studies that were designed in a dichotic listening
task. Autistic children generally exhibit various abnormal patterns of prosodic
skills, whereas prosodic disturbances have been related to right-hemisphere
functioning. They are also deficient at reading emotional expression (flat,

monotonic, emotionless quality of autistic speech is reflected in the faulty use
of intonation) which may be specifically depressed, but this deficiency can be
attributed to right-hemisphere impairments (Weintraub et al., 1981; Ross, 1981,
1984). Abnormalities in prosodic and pragmatic (social) aspects of language, as

well as other emotional behavioral features, suggest analogies to not only left-
hemisphere impairment, but also to right-hemisphere disorder patients.

C. Cortical and Subcortical Hypotheses

The autistic syndrome consists of two major clusters of behavioral
disturbances: language, communication and relation to people; and relating to
objects and sensory-information processing. The emphasis on the disturbances of
social relation, language and communication has attempted to identify the

specific areas of cortical dysfunction, notably involving the cognitive left
-hemisphere, although the evidence for an abnormality of hemispheric lateralization
is inconsistent. There is a controversy concerning neurophysiological evidence f
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for both cortical (cognitive and linguistic) and subcortical (brainstem)

pathophysiology in autism. An older hypothesis of left-hemisphere dysfunction in
autism was based on a too-limited clinical picture of autism as a language and

cognitive disorder. The view that disturbances of relation, language and
communication could be explained as the result of a specific cognitive defect
(Rutter, 1978, 1983) may fail to account for the primary components of the

autistic syndrome. M. Sigman et al. (1984a, 1984b) regarded a developmental

disorder of emotional information processing and nonverbal communication as one
of the first important social-developmental deficits to emerge in early autistic
behaviors.

On the other hand, in the subcortical investigations, E. Ornitz et al. (1992)
presents the assumption that the cognitive disorder hypothesis (Rutter, 1978,
1983) cannot explain the disturbances of social relation, and the primacy of the

social, emotional dysfunction or the special cognitive deficit can be considered
consequences of inconstancy of perception due to faulty modulation of sensory
input. He assumes that distorted sensory input, when transmitted to higher
centers, rostrally becomes distorted information, and that this in turn becomes
the basis of the deviant language and social communication. Autistic dysfunction
could be conceptualized as occurring at an interface between information

processing and sensory processing involving brainstem and other subcortical
mechanisms. Thus distorted sensory processing can induce distorted information
processing, while cortical centers and the neostriatum can caudally (inferiorly)

modify midbrain and diencephalic function. Again, distortions of information
processing at cortical levels might elaborate the emotional disturbance and the
distorted sensory input at the diencephalic structures where sensory input is
gated.

4. Conclusion

In very early life, all mammals can share affective experiences with their
parents which is necessary to develop Subsequent sharing experiences and
learning of social meaning (Klinnert et al., 1983; Hobson, 1986a, 1986b).
Zentall and Zentall (1983) noted that all organisms each have biologically
determined optimal arousal levels for input stimuli, efficacy of information
processing, and sharing affective experiences. However, autistic children "come

into the world with innate inability to form the usual, biologically provided
affective contact with people" (Kanner, 1943).

Why can not the autistic child share affective experiences and social meaning?

Recent empirical investigations suggest that the telencephalic theories based on
a cognitive hypothesis (left-hemisphere disorder, right-hemisphere disorder, or
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failure of hemispheric lateralization) could not explain the basic deficiency

for the autistic behavioral responses. Thus, autistic behavior should not be
understood as a specified cortical impairment but rather as a system disorder of

social-affective recognition involving the neurophysiological mechanisms of
reticular diencephalic structures between sensory processing and emotional
information processing.
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