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~(Abstract) —

Developmental dyslexia is defined as a specific and significant impairment in reading ability
that cannot be accounted for by any deficit in general intelligence or sensory acuity. It has been
known that dyslexic children exhibit deficits for phonological awareness tasks, which require
the ability to manipulate abstract phonological representations. A lower prevalence of dyslexia in
Japanese suggests that the Japanese language may be more easily learned and manipulated by
people with dyslexia. There are two supposable approaches to studying the mechanism of
dyslexia using the functional MRI (fIMRI). One is the study in healthy Japanese to investigate
advantageous properties of Japanese related to less prevalence of dyslexia and the other is the
comparative study in children to investigate the different cortical activity of dyslexia and normal
readers.

First, IMRI was used to investigate the neural substrates underlying phonological
manipulation of the Japanese language. The posterior parts of the superior temporal sulcus
(STS) were active during the auditory tasks, suggesting that phonological representations are
manipulated in this area. In contrast, the intraparietal sulci (IPS), which have been implicated in
visuospatial tasks, were active during the visual tasks, indicating that phonemic manipulation of
“kana” letters is visuospatial. We suggest that because of the phonological and orthographical
simplicities of the Japanese language, dyslexic children more easily learn the correspondence
between letters and sounds.
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Fig.1 Task design. The clustered volume acquisition was used to minimize the effect of fMRI scanning
noise and the motion artifact related to articulation.
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Fig.2 The increased activity during vowel exchange tasks compared with control tasks (nonword)

Areas exhibiting increased activity during the auditory vowel exchange task compared with
repetition task (green, bilateral posterior part of STS) and the visual vowel exchange task compared
with the reading task (red, bilateral IPS and cerebellar vermis), are superimposed on canonical 3D
images (upper) and a coronal section al Talairach's coordinate of y=-62 (lower middle). The
threshold was corrected p=<.05 at cluster level.
MR signal changes in 5 regions exhibiting increased activity were calculated for each subject using a
spherical VOI with a diameter of 12 mm. VOI were centered on the local maximum. The graphs
showed task-related MR signal changes (%) during each task at left STS (=46, 034, 0 ; A), right STS
(50, =38, 0: B), left IPS (=38, -54, 54 ; C), right IPS (34, =56, 58 ; D), and cerebellar vermis (-2, -62,
-34 ; E). Data points represent the mean SEM of 19 subjects. (** p<..001, paired t-test: L, left : R,
right.)
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Table.1 Task-related activity revealed by vowel exchange task and control task comparisons

Nonwords Words
Comparison Regions Side x y z  Cluster tvalue x y z Cluster (-value
size size
Audibary | e L -46 -3¢ 0 122 735
R 50 -38 0 84 5.26
Visual

LPs/1PS L -38 -54 o4 233 532 -40 -b2 52 78 5.01
R 34 -56 58 117 4.91

Cerebellar  _ & LAn A -6 -9R i -
Virtiils 2 -62 -34 144 519 1 -76  -26 298 6.37

The local maxima with the threshold at p<<.05 with a correction for multiple comparisons.

1 <Phonological awareness tasks in alphabetic languages>

Response
LLIFG [phonological manipulation|
Lt.LPi
Lt.pSTS " X phonological representation
(~STG)

letters
visual stimuli

speech sounds
(auditory stimuli)

2 <Phonemic manipulation task in Japanese>

IFG + LPj ... .~~~ Response (Articulation)

| Phonological manipulation | [Visuospatial manipulation|

pSTS ——— |PS
honological representation
‘\ Syllabary table(?)
speech sounds letters
(auditory stimuli) visual stimuli
gt |

Fig.3 Posturate cognitive processes for the phonological awareness tasks in alphabetic languages and the
phonemic manipulation task in Japanese. (IFG, inferior frontal gyrus ; Lpi, inferior parietal lobule ;
pSTS, posterior part of superior temporal sulcus ; STG, superior temporal gyrus ; IPS, intra
parietal sulcus ; Lt, left; Rt, right)
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