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Surface dyslexia in a Japanese patient with semantic dementia: evidence
for similarity-based orthography-to-phonology translation
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Abstract

We studied the reading performance of a Japanese-speaking patient, TI, with bilateral but asymmetrical (left more than right) temporal-lobe
atrophy, severe anomia, and poor word comprehension. Most Japanese kanji characters correspond to several different legitimate pronun-
ciations in different contexts, with varying degrees of correspondence consistency. TI made many errors in reading aloud words that violate
statistically typical character-sound correspondences, especially for less common words, but had relatively preserved ability to read aloud
strings in which the assignment of the typical pronunciation for each component character yields the correct pronunciation for the whole
word. The degree of consistency of character-sound correspondences affected his performance on both words and nonwords in a graded
manner. One interpretation is that TI’s surface dyslexic reading reflects intact direct computation of phonology from orthography, but with-
out the additional constraint from word meaning that is, in this framework, considered critical for correct pronunciation of lower-frequency
words with atypical character-sound correspondences. Another interpretation is that TI’s performance reflects partially damaged lexical
knowledge of whole-word orthography and phonology, coupled with spared sublexcal knowledge of character-sound correspondence rules.
Whichever of these interpretations is preferred, this study offers the most detailed information yet available on the characteristics of surface
dyslexia in Japanese.
© 2003 Published by Elsevier Ltd.
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1. Introduction

Acquired surface dyslexia as observed in English is a dis-
order of reading in which patients are impaired at reading
aloud words that violate typical spelling-sound correspon-
dences (e.g. exception words like PINT). In contrast, these
patients have relatively, or sometimes even perfectly, pre-
served ability to read aloud letter strings in which the assign-
ment of the typical pronunciation for each component yields
the correct pronunciation for the whole string (e.g. regular
words like HINT and nonwords like RINT). The usual incor-
rect reading response produced by surface dyslexic patients
has been characterized as a Legitimate Alternative Reading
of Components (LARC) error (Patterson, Suzuki, Wydell,
& Sasanuma, 1995), in which the pronunciation of one or
more components is inappropriate for the target word but is
nonetheless legitimate, and indeed usually more typical, for
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that component in other words in the target’s orthographic
neighborhood (e.g. reading PINT as /PINT/ to rhyme with
HINT). Performance on words with atypical spelling-sound
correspondences is much more compromised for low- than
high-frequency words. Surface dyslexia often (Breedin,
Saffran, & Coslett, 1994; Funnell, 1996; Graham, Patterson,
& Hodges, 1994, 2000; Patterson & Hodges, 1992; Ward,
Stott, & Parkin, 2000), although not invariably (Cipolotti
& Warrington, 1995; Gerhand, 2001; Lambon Ralph, Ellis,
& Franklin, 1995), accompanies semantic impairment, as
typically observed in semantic dementia, a progressive, rel-
atively selective impairment of semantic memory associated
with atrophy of the anterior, inferior temporal lobes (Chan
et al., 2001; Galton et al., 2001; Hodges, Patterson, Oxbury,
& Funnell, 1992; Snowden, Goulding, & Neary, 1989).

1.1. Neighborhood consistency effects

Surface dyslexic reading errors have most often
been interpreted as the manifestation of subword-level
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orthography-to-phonology translation on the basis of a set
of pronunciation rules like grapheme–phoneme correspon-
dence (GPC) rules; word-specific knowledge of pronuncia-
tions indispensable for exception-word reading is assumed
to be impaired in a frequency-modulated fashion (e.g.
Coltheart, 1985). A few studies, however, have noted that a
simple dichotomy between regular versus exception words is
not sufficient to describe surface dyslexic reading.Shallice,
Warrigton, & McCarthy (1983)chose English exception
words that they characterized as either mildly irregular (e.g.
CROW) or very irregular (e.g. YACHT), and reported that
a surface dyslexic patient achieved best performance for
regular words (74%), intermediate for mildly regular words
(49%), and worst performance for very irregular words
(29%). Patterson and Behrmann (1997)demonstrated the
impact of degrees of consistency in spelling-sound corre-
spondences across orthographic neighborhoods. The critical
neighborhood for pronunciation of monosyllabic English
words is usually, though not exclusively, defined in terms
of word body, comprising the orthographic vowel and ter-
minal consonant(s), likeINT in HINT, PINT, and so forth
(Treiman, Mullennix, Bijeljac-Babic, & Richmond-Welty,
1995). The authors prepared two sets of quartets consisting
of a regular word, an exception word and two nonwords
sharing the same body. In one set labeled REG> EXC
(e.g. HINT, PINT, RINT, and NINT), regular words have
more friendly neighbors with the same pronunciation for the
shared body than enemies with a discrepant pronunciation
for the shared body. In the other set labeled REG≤ EXC
(e.g. COST, POST, FOST, and BOST), regular words have
no more friends than enemies. The subject of this study was
a surface dyslexic patient MP with severe semantic impair-
ment (Behrmann & Bub, 1992). Between these two con-
ditions, REG> EXC versus REG≤ EXC, MPs accuracy
of reading aloud decreased for both regular words (from
100 to 83%) and nonwords (from 90 to 78%, where correct
was defined as the ‘regular’ pronunciation for a nonword)
but increased for exception words (from 38 to 57%). The
dual-route theory of word reading (e.g.Coltheart, 1985) as-
sumes that exception-word reading and nonword reading are
accomplished with respect to separate lexical and nonlexical
knowledge, respectively, and predicts that the preserved non-
lexical procedure in surface dyslexia will result in equally ef-
ficient performance for regular words and nonwords whether
they are from REG> EXC or REG≤ EXC neighborhoods.
The consistency effects, which had a parallel impact on MPs
reading performance both for nonwords (as well as regular
words) and exception words, therefore call into question the
standard assumption of independence between the lexical
and nonlexical procedures, and instead suggest common
knowledge that applies to pronunciation of all letter strings.

In research on reading processes in alphabetic writing
systems like English, where various models of reading aloud
have been proposed (Coltheart, Curtis, Atkins, & Haller,
1993; Coltheart, Rastle, Perry, & Ziegeler, 2001; Plaut,
1997; Plaut, McClelland, Seidenberg, & Patterson, 1996;

Rastle & Coltheart, 1999; Seidenberg & McClelland, 1989;
Seidenberg, Plaut, Petersen, McClelland, & McRae, 1994),
these kinds of fine-grained analyses of surface dyslexic
reading are likely to provide substantial constraints on the
further development of the models. Empirical studies offer-
ing similarly fine-grained analyses in nonalphabetic writing
systems like Japanese are relatively scarce (Nakamura,
Nakanishi, Hamanaka, Nakaaki, & Yoshida, 2000; Patterson
et al., 1995), and there has been only one attempt to model
relevant performance of Japanese readers (Ijuin, Fushimi,
Patterson, & Tatsumi, 1999). With the goal of advancing
an understanding of reading processes in Japanese, the
present study investigates graded effects of neighborhood
consistency on reading performance of a Japanese-speaking
patient with surface dyslexia.

1.2. Japanese phonology and orthography

The spoken form of a Japanese word comprises a se-
quence of from one to several morae (e.g. /ni-ho-N/, mean-
ing Japan). A mora corresponds to one of the five following
phonological entities: a single vowel; a consonant–vowel
compound; a palatalized consonant–vowel compound; the
nasal coda /N/; or a geminate consonant. Two kinds of scripts
are used in the written forms of Japanese words: phono-
graphic kana and morphographic kanji.

Kana is sub-divided into hiragana and katakana. Both hi-
ragana and katakana systems comprise 75 characters, and
there is always a pair of hiragana and katakana charac-
ters representing the same pronunciation. A kana character
usually maps to a single mora (e.g. /i/),
and character-sound correspondences in kana are perfectly
transparent. Any word can be written in either hiragana or
katakana; but in terms of most typical usage, hiragana is used
for most function words, the inflections of verbs and adjec-
tives, and some content words, whereas katakana is used for
loan words from western languages.

Kanji comprises approximately 6000 characters, with
about half of these used in daily life (National Language
Research Institute, 1976). Some kanji characters appear as a
single-character noun (e.g./sora/ meaningsky), as a com-
ponent of multiple-character kanji nouns (e.g. /kuu-ki/
air, /sora-iro/sky blue), and as the stems of kanji-kana
compound verbs (e.g. /a-ku/ become vacant) and adjec-
tives (e.g. /muna-si-i/fruitless)1. Other characters ap-
pear only in one, two, or three of these written word classes.
A kanji character does not reliably map to any specific size
of phonological unit like a phoneme, a mora, a syllable, or a
word, and cannot be decomposed into elements which cor-
respond to phonemes or morae. The majority of kanji char-
acters have two or more legitimate pronunciations, with the
one pronunciation appropriate for the character in any given

1 Among kanji words, two-character words (about 80%) predominate
over those with other numbers of characters (Amano & Kondo, 1999;
National Language Research Institute, 1970).
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word determined by intraword context. The pronunciations
of a kanji character can be divided into ON pronunciation
adopted from Chinese and KUN pronunciation derived from
original Japanese. A kanji character represents not only the
morpheme’s phonology but also its semantic domain.

1.3. Surface dyslexia in Japanese-speaking cases

Although such analogies are inevitably an oversim-
plification, there is a sense in which kana words, kana
nonwords, and kanji words, respectively, parallel regular
words, nonwords, and exception words in English. Ac-
cording to this simplified formulation, surface dyslexia in
Japanese-speaking cases should manifest as a selective,
frequency-modulated deficit in reading aloud kanji words,
coupled with preserved ability to read aloud kana words and
nonwords. The dominant pattern of erroneous responses
for kanji words should be LARC errors, where patients
produce inappropriate but legitimate pronunciations for
constituent characters in a word, for example, erroneous
assignment of ON versus KUN. Several cases with cere-
brovascular accident have been reported to demonstrate
this kind of dyslexic pattern, although LARC errors were
infrequent (e.g.Sasanuma, 1980; Sasanuma, 1985). LARC
errors were apparently more frequently but only anecdo-
tally observed in patients described as having ‘Gogi’ (word
meaning) aphasia, with profound anomia and poor word
comprehension (Tanabe et al., 1992; Tanabe et al., 1996).
The difference between these two aetiologies in error pat-
terns, if confirmed by further research, may be explicable in
terms of lesion extent/location and consequent range of lan-
guage deficits. Patients with Gogi aphasia have progressive
but circumscribed atrophy of the anterior, inferior tempo-
ral lobe associated with relatively selective impairment of
lexico-semantic knowledge. By contrast, surface dyslexia
resulting from cerebrovascular accidents is typically asso-
ciated with perisylvian lesions, often resulting in additional
phonological impairments that may yield reading errors
other than LARC (e.g.Sasanuma, 1980; Sasanuma, 1985).

Beyond the kana/kanji dissociation,Fushimi, Ijuin,
Patterson, & Tatsumi (1999)concluded that some statistical
clues go a long way towards predicting the pronunciation
for each component character in kanji words, based on an
analysis of a corpus of approximately 31,000 two-character
kanji words from a Japanese dictionary (Nishio, Iwabuchi,
& Mizutani, 1986). Consider a kanji character which
has four pronunciations, each of which is appropriate for
one or two of the following words: a single-character word

/kami/ god, two-character words /siN-kei/ nerve,
/ziN-zja/ shrine, /kami-sama/ call for god, and
/kaN-nusi/ priest. Although the pronunciations for

vary across these examples, the statistical analysis revealed
that, among 86 two-character kanji words sharingat the
first position, is pronounced /siN/ in 71 of 86 words, a
very high proportion (0.83). This feature of one dominant
(or typical) pronunciation shared across the majority of

words containing the character is true of many kanji char-
acters. Indeed, at the extreme of this phenomenon, 40% of
the roughly 3000 kanji characters in the corpus analyzed
by Fushimi et al. have only one consistent pronunciation
invariant across words sharing the character at the same
position (e.g. /maN/ and /kai/ in /maN-kai/).

These statistical constraints on character pronunciation in
kanji words predispose the orthography-to-phonology com-
putation to the correct whole-word pronunciation of words
with consistent or typical character-sound correspondences,
but would bias the outcome towards an incorrect pronun-
ciation of words with atypical character-sound correspon-
dences. One hypothesis is that (a) direct orthography-to-
phonology translation normally operates with reference to
knowledge of pronunciations of the target and also of other
words within its orthographic neighborhood; (b) the effi-
ciency of this translation (as measured by response times in
normal readers) declines as a function of both decreasing
word frequency and decreasing consistency (or typicality) of
character-sound correspondences; and (c) surface dyslexic
reading reflects, in accuracy, the efficiency of this frequency-
and similarity-based orthography-to-phonology translation.

Patterson et al. (1995)confirmed this prediction in a
striking case of Japanese surface dyslexia, patient NK with
marked left-temporal atrophy, profound anomia and im-
paired word comprehension. Her performance in reading
kana strings was flawless both for words and nonwords. In
reading aloud two-character kanji words, NK demonstrated
a prominent deficit for less common words with atypical
character-sound correspondences, coupled with relatively
preserved reading performance for common words and/or
those with typical character-sound correspondences2. The
majority of her reading errors were LARC.Nakamura et al.
(2000) also presented two other patients with semantic
dementia (YK and KI) showing this dyslexic pattern.

This article presents another Japanese-speaking case,
TI, with semantic dementia and surface dyslexia. In a sig-
nificant advance beyond the two studies described above,
the stimulus materials for the current experiments (a) em-
ployed statistically based, graded degrees of consistency
of character-sound correspondences, and (b) included kanji
nonwords as well as words. On the assumption that di-
chotomous effects of typicality observed in previous studies
(Nakamura et al., 2000; Patterson et al., 1995) are not
sufficient to capture the implications of surface dyslexic
performance for models of reading in Japanese, it is of

2 The definition of typicality inPatterson et al. (1995)was based on
the assumption that, in two-character kanji words, an ON pronunciation
is typically, though not always, correct for each constituent character. Re-
cently,Amano and Kondo (1999)confirmed this assumption: among about
32,000 two-character kanji words in their corpus, those in which an ON
pronunciation is correct for each constituent character (85%) substantially
predominate over those in which the KUN pronunciation is correct for
each constituent character (11%). In contrast, out of 2200 single-character
kanji words in their corpus, KUN (60%) slightly predominates over ON
(40%) as the correct pronunciation.
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substantial interest to determine whether surface dyslexic
reading performance for kanji words and nonwords is mod-
ulated by the degree of consistency in character-sound
correspondences. TI, a patient at a mild-to-moderate stage
of semantic dementia, is an ideal case for the exploration
of this issue.

2. Case report

2.1. Background and neuroradiological findings

TI, a right-handed 57-year-old office worker with a
university education, presented in August 1999 with a
3-year history of progressive language problems including
word-finding difficulty, poor word comprehension, diffi-
culty in writing kanji words, and decrease of spontaneous
speech, accompanied by mild personality change. He com-
plained that he could understand so few things as not to
speak. When he did speak, however, his anomic sponta-
neous speech was fluent with normal articulation, phonol-
ogy, and syntax. No salient deterioration was observed in
his day-to-day episodic or autobiographical memory.

Magnetic resonance imaging (MRI) in November 1999
(Fig. 1) revealed circumscribed atrophy in the left anterior
temporal lobe, and a SPECT scan in September 1999 showed
hypometabolism in the same region. An MRI scan in De-
cember 2000 revealed that the atrophy had expanded to in-
clude left frontal and right anterior temporal regions.

2.2. General neuropsychological assessments

2.2.1. General test batteries
The following assessments were administered in August

1999 after informed consent was obtained from TI and his
wife. TI scored 28/30 in the Mini-Mental State Exami-
nation (Folstein, Folstein, & McHugh, 1975), 0.5 on the
Clinical Dementia Rating Scale (Hughes, Berg, Danziger,
Coben, & Martin, 1982), and 18/70 in the Alzheimer Disease
Assessment Scale (Rosen, Mohs, & Davis, 1984). On the
Japanese version of the Wechsler Adult Intelligence Scale
Revised (Shinagawa, Kobayashi, Fujita, & Maekawa, 1990;

Fig. 1. Coronal sections of an MRI scan for TI in November 1999 (left) and December 2000 (right).

Wechsler, 1981), he showed more marked deterioration in
verbal (VIQ = 71) than performance IQ (PIQ= 91) as in
other cases with semantic dementia (Hodges et al., 1992).
Nonlinguistic reasoning ability was well preserved as indi-
cated in a 35/36 score on Raven’s Coloured Progressive Ma-
trices (Raven, 1965). Short-term verbal memory was intact
(digit span= 7 forward, 5 backward). Visuospatial skills
were spared as indicated in a 36/36 score for copy of the
Rey complex figure (Rey, 1941) administered in October
2000.

2.2.2. A standard language test
TI’s language function was evaluated by the Japanese

Standard Language Test for Aphasia (SLTA) (SLTA
Committee, 1997), comprising 26 subtests, each assigned to
one of five linguistic functions (listening, speaking, reading,
writing, and calculating).Table 1presents TI’s performance
on a subset of the SLTA. In September 1999, TI scored
below two standard deviations from the mean of nonapha-
sic controls on picture naming of nouns and verbs, scene
description, category fluency, written naming of pictures,
and writing to dictation with kanji characters. His score for
writing the same words to dictation with kana characters
was perfect. TI’s comprehension performance in this battery
was unimpaired for spoken, kanji, and kana word-to-picture
matching. Repetition was flawless both for single words
and short sentences. At this stage, therefore, TI had only a
mild comprehension disorder but severe anomia (also kanji
dysgraphia), a pattern which might be characterized as pro-
gressive fluent aphasia. As expected, follow-up testing (14
months later in November 2000) revealed deteriorated per-
formance in a number of subtests, including comprehension
of spoken and written sentences and commands, reading
aloud kanji words, and written picture naming with kana
characters. Nevertheless, TI’s performance in single-word
comprehension on the SLTA was still perfect at this later
stage. As indicated by the more demanding task described
next, this result is probably explained by the fact that the
word-to-picture matching subtests in this battery are insen-
sitive to mild degrees of semantic impairment, because all
materials in these subtests are of extremely high familiar-
ity and because the distractors are not always semantically
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Table 1
TI’s scores on a subset of Japanese Standard Test for Aphasia (SLTA)

September 1999 November 2000 Control Full score

Spoken word-to-picture matching 10 10 10.0± 0.2 10
Kanji word-to-picture matching 10 10 9.9± 0.8 10
Kana word-to-picture matching 10 10 10.0± 0.1 10
Spoken sentence comprehension 10 7a 9.5 ± 0.8 10
Written sentence comprehension 9 6a 9.4 ± 1.5 10
Spoken command comprehension 9 3a 9.6 ± 0.7 10
Written command comprehension 9 6a 9.4 ± 1.5 10
Picture naming (noun) 8a 6a 19.6 ± 0.8 20
Picture naming (verb) 8a 7a 9.9 ± 0.4 10
Scene description 4a 3a 5.8 ± 0.6 6
Word fluency (animal within 1 min) 3a 0a 12.6 ± 4.5 –
Word repetition 10 10 10.0± 0.1 10
Sentence repetition 5 4 4.5± 0.8 5
Reading aloud kanji words 5 4a 5.0 ± 0.4 5
Reading aloud kana words 5 5 5.0± 0.1 5
Written naming with kanji 1a 3 4.2 ± 1.1 5
Written naming with kana 4 3a 4.8 ± 0.7 5
Writing to dictation with kanji 2a 5 4.3 ± 1.0 5
Writing to dictation with kana 5 5 4.8± 0.8 5

a The TI’s performance was below two standard deviations from the mean of nonaphasic controls.

related to the target. TI’s deficit in written picture naming
and writing to dictation with kanji characters improved be-
tween 1999 and 2000 because a subset of the test materials
had been included in daily therapy of picture naming and
written naming with kanji characters.

2.2.3. Comprehension and naming tests of single words
TI’s performance in both comprehension and naming of

single items was further investigated with materials compris-
ing 80 line drawings and 10 colours, prepared byIto et al.
(1994) for patients characterized as word meaning (‘Gogi’
in Japanese) aphasics. These items represent 10 exemplars
from each of four categories of natural kinds (body parts,
colours, animals, and vegetables/fruits) and five categories
of artifact (vehicles, sports, utensils, musical instruments,
and processed foods). In a spoken word-to-picture match-
ing test, the participant is given a spoken word and asked to
point to the target picture presented in an array containing
the target plus nine within-category distracters. In a nam-
ing test, the participant is asked to name each of 90 pic-
tures (80 line drawings, 10 colours) presented individually.
Ito et al. (1994)reported that the performance of normal
controls was near ceiling for both tasks and all categories
(mean > 98%; S.D. = 2–6%) except naming of musical in-
struments (mean= 91%; S.D. = 11%). Patients with Gogi
aphasia showed worse performance than normal controls in
both comprehension and naming tests for all categories ex-
cept body parts and colours, for which some patients per-
formed within the normal range.

Because word frequency and/or familiarity was not
equated either across the nine categories or between nat-
ural kinds and artifacts, for the purposes of analysis we
re-arranged all materials on the basis of word frequency.
Values for printed word frequency (in log10-transformed

occurrences per one million tokens) and spoken word famil-
iarity (from a rating score on a 7-point scale) for each word
were obtained from the NTT psycholinguistic database
(Amano & Kondo, 1999, 2000). Category exemplars were
split into higher- and lower-frequency bands at the median
values. Log10-transformed mean (±S.D.) word frequency
was 2.63 (±0.40) and 1.60 (±0.53), respectively, for the
higher- and lower-frequency bands, while mean (±S.D.)
familiarity was 6.20 (±0.32) and 6.07 (±0.32).

TI’s performance in September 1999 was clearly be-
low the normal range for comprehension (81%) as well as
naming (37%). Out of 57 naming errors, 49 were “do not
know” responses, six were circumlocutions, and two were
the names of semantically related items. He also demon-
strated a remarkable task-by-frequency interaction, with
accuracy of 91% versus 71% in the comprehension test for
the higher- and lower-frequency bands, respectively, and
64% versus 9% in naming.

2.3. Summary

TI’s deficit in single-word comprehension was prominent
only for low-frequency words, as in other cases of rela-
tively early semantic dementia or progressive fluent aphasia
(Graham, Patterson, & Hodges, 1995). On the other hand,
again as in other cases, TI demonstrated profound anomia,
with an even more dramatic modulation by word frequency.
This discrepancy between degrees of impairment in nam-
ing versus comprehension (as measured by word-to-picture
matching) is sometimes interpreted as indicating an addi-
tional post-semantic deficit in activating phonology.Lambon
Ralph, McClelland, Patterson, Galton, and Hodges (2001),
however, recently reported that, in semantic dementia, the
discrepancy between naming and word-to-picture matching
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is greater for patients with left- than right-dominant atrophy,
especially at the early and middle stages of progression. Lon-
gitudinal assessment reveals that, even for left-dominant pa-
tients, whose syndrome at the early stage might be described
as progressive pure anomia rather than semantic dementia
(Graham et al., 1995; Papagno & Capitani, 2001), a profound
comprehension deficit is revealed at later stages, resulting
in a typical pattern of semantic dementia. Given that se-
mantic deterioration will invariably harm naming more than
word-to-picture matching because of the substantial differ-
ence in task demands, we adopt the interpretation ofLambon
Ralph et al. (2001)and (a) attribute TI’s anomia to an un-
derlying and increasing semantic degradation, and (b) pre-
dict that measures of his comprehension will demonstrate
much more dramatic impairment at a subsequent stage. We
acknowledge, however, that one cannot rule out the possi-
bility that TI, and other left-dominant patients with semantic
dementia at a similar stage, have dual deficits in both the
semantic system itself and its communication with phono-
logical representations for speech.

To summarize the language performance of TI, he demon-
strated severe anomia and moderately impaired single-word
comprehension, coupled with preserved articulation and
phonology, thus fulfilling the previously reported linguis-
tic criteria for semantic dementia (Hodges et al., 1992;
Snowden et al., 1989).

3. Reading performance

3.1. Experiment 1: reading aloud kanji words

For an exploration of predicted neighborhood consistency
effects on TI’s reading, we adopted the statistically-based
definition of consistency of character-sound correspon-
dences suggested byFushimi et al. (1999). For a certain
word (e.g. /siN-kei/), orthographic neighbors were de-
fined as all words, in the corpus of approximately 31,000
two-kanji character words from a Japanese dictionary
(Nishio et al., 1986), sharing the same character at the
first or the second position (e.g. and at the first
character; and at the second character). As men-
tioned before, the most typical pronunciation for each con-
stituent character was determined by counting the number
of neighbors sharing the same pronunciation for the shared
character (e.g. /siN/ for and /kei/ for ). On the basis
of these statistics, two-character kanji words were assigned
to three categories: (i)consistentif each constituent char-
acter has the identical pronunciation across neighbors; (ii)
inconsistent-typicalif each constituent has more than one
legitimate pronunciation across neighbors but it is the sta-
tistically most typical pronunciation of each character that
is appropriate to this target word; (iii)inconsistent-atypical
if each constituent has more than one legitimate pronuncia-
tion and one or both character pronunciations appropriate to
this target word are not the statistically most typical ones.

Another way of describing this manipulation is as fol-
lows: for consistent words, all neighbors were friends;
for inconsistent-typical words, friends dominated ene-
mies; for inconsistent-atypical words, enemies dominated
friends with regard to the first, the second, or both char-
acter positions. Thus, consistent, inconsistent-typical and
inconsistent-atypical words were located around different
points on a single continuum of balance between friends
and enemies. These points can be measured by the ratio
of friends to neighbors, averaged across the two character
positions (hereinafter,friends/neighbors).3

We assume that, as mentioned before, (a) the orthography-
to-phonology translation in two-character kanji words op-
erates with reference to knowledge of pronunciations of
both the target and other words within the target’s neigh-
borhood; (b) the efficiency of this translation declines as
a function of both decreasing word frequency and de-
creasing consistency of character-sound correspondence;
and (c) a surface dyslexic pattern of reading reflects the
efficiency of this translation. On the basis of these three
assumptions, we predicted that TI’s reading performance
should be most accurate for consistent words, intermedi-
ate for inconsistent-typical words, and most error-prone
for inconsistent-atypical words, with the consistency effect
more remarkable for low-frequency words.

3.1.1. Methods
Experimental stimuli comprised 120 two-character kanji

words, with 20 words in each of the six conditions formed by
crossing three bands of consistency with two bands of word
frequency (seeFushimi et al., 1999for full description of the
materials). The upper rows ofTable 2present, for each of
the six conditions, mean word length (in number of morae),
printed word frequency (in log10-transformed occurrences
per approximately one million tokens) (National Language
Research Institute, 1970), written word familiarity (mean
rating on a 7-point scale) (Amano & Kondo, 1999), charac-
ter frequency (in log10-transformed occurrences per approx-
imately one million word tokens, averaged across the first
and the second characters) (National Language Research
Institute, 1970), and friends/neighbors. Mean word length
was equated across the six word conditions. Within each
frequency band, word frequency and character frequency
were equated across the three consistency bands. In each of
the three consistency bands, high- and low-frequency words
were equated in terms of friends/neighbors. The middle rows

3 In Fushimi et al. (1999), the counting of neighbors was based on only
two-character kanji words because the great majority of kanji words consist
of two characters and because, when the calculation was done, a reliable
large corpus for single-character kanji words was not available. However,
the statistics can include all kanji words with any number of characters
using the more recent corpus (Amano & Kondo, 1999). Furthermore, we
do not claim that this friends/neighbors measure is necessarily the best
metric to evaluate consistency. See also related articles for another way
to measure consistency used for monosyllabic words in English (Jared,
McRae, & Seidenberg, 1990; Rastle & Coltheart, 1999; Treiman et al.,
1995).



1650 T. Fushimi et al. / Neuropsychologia 41 (2003) 1644–1658

Table 2
Experiment 1: characteristics of stimulus materials (mean± S.D.), examples of words with the correct and alternative pronunciations accompanied by
normal readers’ accuracy, and proportions of words for which TI produced various types of response, as a function of stimulus condition

High-frequency Low-frequency

Inconsistent Inconsistent

Consistent Typical Atypical Consistent Typical Atypical

Word length 3.55± 0.51 3.65± 0.49 3.45± 0.51 3.55± 0.51 3.40± 0.50 3.50± 0.51
Word frequency 1.77± 0.23 1.84± 0.23 1.72± 0.22 0.76± 0.06 0.77± 0.06 0.78± 0.06
Word familiarity 6.12± 0.31 6.01± 0.36 6.02± 0.47 5.38± 0.57 5.48± 0.49 5.44± 0.60
Character frequency 2.71± 0.27 2.77± 0.23 2.78± 0.31 2.61± 0.31 2.52± 0.32 2.46± 0.45
Friends/neighbors 1.00± 0.00 0.74± 0.07 0.42± 0.13 1.00± 0.00 0.71± 0.07 0.33± 0.15

Example
Correct pronunciation rou-dou gaku-daN ba-ai maN-kai kjou-do zju-mjou
Alternative pronunciation – raku-doN zjou-gou – gou-tsutsi su-mei
Proportion correct in normal 1.00± 0.00 1.00± 0.01 0.99± 0.03 1.00± 0.00 0.99± 0.02 0.96± 0.04

Correct response 0.95 0.85 0.70 0.85 0.70 0.40
LARC error 0.00 0.05 0.25 0.00 0.05 0.45
Visual error 0.00 0.10 0.05 0.10 0.05 0.20
Incomplete response 0.00 0.00 0.10 0.05 0.00 0.00
“Do not know” response 0.05 0.00 0.05 0.00 0.20 0.20

of Table 2present an example word in each stimulus con-
dition with its correct pronunciation and one incorrect but
legitimate alternative pronunciation. The performance of
normal young adults in reading aloud these words under
time pressure was no less than 99% correct for all stimulus
conditions except for low-frequency inconsistent-atypical
words (96%) (Fushimi et al., 1999).

3.1.2. Results
TI was tested in January 2001 without any time limit

for pronunciation of each word. The lower section of
Table 2 presents the proportions of words in each of the
six conditions for which TI produced correct responses
and various types of error. LARC errors, as explained ear-
lier, are those in which the pronunciation for one or both
characters is incorrect for the target word but nonetheless
legitimate for that character in other words (e.g. /raku-
daN/ for /gaku-daN/; /zjou-gou/ for /ba-ai/). Vi-
sual errors are those in which TI’s response corresponded
to a kanji string visually similar to the target. Incomplete
responses were those in which TI either produced only part
of the correct whole-word pronunciation or inserted other
material (such as the Japanese word ‘and’) between the two
components of the word. Surface dyslexic patients some-
times produce both the correct and an erroneous response
to a single target, successively and in either order (Funnell,
1996; Patterson & Behrmann, 1997); in this analysis, for
such occurrences both the correct response and the appro-
priate error type were tallied. Likewise, if TI produced an
erroneous response which could be classified into two or
more error types, each of these error types was tallied. Thus,
proportions of the five response types displayed inTable 2
occasionally add up to more than 1.0.

TI’s overall accuracy was 74%, with performance char-
acterized by a graded consistency effect from consistent to

inconsistent-typical to inconsistent-atypical words, and with
this gradient more pronounced for low- than high-frequency
words. A similar, but of course inverse, pattern was observed
in LARC errors whereas other error types did not show any
systematic effect of consistency.

A simultaneous multiple logistic regression analysis on
correct responses, with printed word frequency (as a categor-
ical variable), consistency (as a categorical variable), written
word familiarity, character frequency, and number of morae
as predictors, revealed significant effects of consistency
(Wald = 13.135,P < 0.001), familiarity (Wald= 10.985,
P < 0.001), and character frequency (Wald= 17.078,P <

0.001). Although there was no reliable difference between
consistent and inconsistent-typical words (Wald= 1.683,
P = 0.195), the difference between inconsistent-typical and
inconsistent-atypical words was significant (Wald= 5.037,
P < 0.05). Because it is difficult to reveal statistical signifi-
cance between the adjacent consistency bands, consistency
effects were further evaluated by another simultaneous
multiple regression analysis with the same five variable
as predictors but word frequency (in log10-transformed
value) and consistency (in friends/neighbors) as continuous
variables. This regression yielded a significant consistency
effect (Wald= 7.920,P < 0.005), with additional signifi-
cant effects of familiarity (Wald= 8.546,P < 0.005) and
character frequency (Wald= 7.860, P < 0.005), indicat-
ing that the balance of friends and enemies was a reliable
variable to predict success or failure of TI’s performance in
reading aloud two-character kanji words.

3.1.3. Discussion
As predicted, TI demonstrated a graded consistency ef-

fect, with performance best for consistent, intermediate
for inconsistent-typical, and worst for inconsistent-atypical
words, especially for lower-frequency words. These results
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are consonant with the hypotheses that TI’s performance
reflects the efficiency of frequency- and similarity-based
orthography-to-phonology translation, which operates with
reference to knowledge of pronunciations of the target
word and of other words within the target’s orthographic
neighborhood.4 Thus, the simple dichotomous effect of
typicality of character-sound correspondences observed in
previous studies (Nakamura et al., 2000; Patterson et al.,
1995) can be re-considered as just one aspect of a graded
effect of statistically defined consistency.

The nature of TI’s impairment may be illustrated in
the words for which he produced both the correct re-
sponse and a LARC error. In these five cases, all in the
inconsistent-atypical conditions, TI produced initially a
LARC error and then a correct pronunciation in three words,
and vice versa in two words. Because inconsistent-atypical
words in the present stimulus set were not extremely atypi-
cal, as indicated in the value of friends/neighbors around 0.4
rather than close to zero, it is reasonable to expect activa-
tion of two candidate pronunciations. Our interpretation of
these examples is that the direct orthography-to-phonology
procedure activates both the correct and an alternative pro-
nunciation, and that this ‘choice’ for normal readers is
resolved by additional word-specific activation of the cor-
rect pronunciation by information that is unavailable or
insufficient in patients with surface dyslexia. Given that
all convincing cases of Japanese-speaking surface dyslexia
published to date have demonstrated severe anomia plus
semantic impairment, we suggest that this additional boost
to activation of the correct pronunciation of the target word
in normal readers might come from word meaning.5

In Experiment 2, we consider the further implications of
TI’s performance in reading kanji nonwords for interpreta-
tion of his deficit.

3.2. Experiment 2: reading aloud kanji nonwords

Surface dyslexic patients generally demonstrate preserved
nonword reading, as observed in both English-speaking
cases (Funnell, 1996; McCarthy & Warrington, 1986;
Patterson & Behrmann, 1997) and Japanese cases asked to

4 It should be emphasised that the orthography-to-phonology translation
is not a kind of compensatory process developed by patients with surface
dyslexia after the onset of their disease, but the process by which normal
reading aloud is achieved. Response times of normal skilled readers in
a speeded reading condition, where readers were asked to pronounce
an individually presented word as quickly and accurately as possible,
demonstrated a significantly graded consistency effect for low-frequency
words with the same materials as used for TI in the present study (Fushimi
et al., 1999).

5 This suggestion does not mean that anomia must always be accom-
panied by surface dyslexia. Because phonology in reading aloud can be
jointly activated by both orthography and semantics, whereas phonology
in picture naming must derive only from semantics, mildly reduced ac-
tivation from semantics to phonology will impair picture naming more
than it disrupts reading aloud, even for low-frequency words with atypi-
cal print-sound correspondences (Lambon Ralph, Cipolotti, & Patterson,
1999).

read aloudkananonwords (Nakamura et al., 2000; Patterson
et al., 1995; Sasanuma, 1980; Sasanuma, 1985). Reading
performance forkanji nonwords, however, has never been
assessed in Japanese patients, perhaps for theoretical and/or
methodological reasons. First, the very concept of non-
words comprising morphographic kanji characters might be
ambiguous because the component characters themselves
are not meaningless. Second, the criteria for correct pro-
nunciation of kanji nonwords might be ambiguous because
the majority of kanji characters have multiple legitimate
pronunciations. We claim, however, that two-character
kanji nonwords can be defined as nonexistent combina-
tions of real kanji characters, and that, given the evidence
for similarity-based orthography-to-phonology translation
as demonstrated in TI’s performance of reading aloud
two-character kanji words, the same procedure should apply
to these nonwords.

Consider a two-character kanji nonword (e.g. ), each
constituent character of which has a single invariant pro-
nunciation (viz. /maN/ for and /sou/ for ) across real
word neighbors sharing the same characters at the same po-
sition. The pronunciation for this kind of nonword should
be a simple concatenation of the pronunciations for the first
and the second characters (viz. /maN-sou/). For a nonword
(e.g. ) comprising characters with multiple pronuncia-
tions (e.g. /siN, ziN, kami, kaN/ for and/kaN, keN, ma,
aida/ for ), any concatenation of these legitimate pronunci-
ations for the first and the second characters (e.g. /siN-kaN,
ziN-ma/) might be treated as a correct pronunciation. In this
nonword , the most typical pronunciation for the first
character (/siN/ for ) is shared by 71 of its 86 real word
neighbors (words with at the first position) whereas that
for the second character (/ma/ for) is shared by only 30
of its 72 real word neighbors (words with at the second
position). Furthermore, the next most common pronuncia-
tion in the word neighborhood with regard to the second
character, /kaN/, applies to 28 of the 72 neighbors. In other
words, the distribution of pronunciations across real word
neighbors of this nonword is highly biased to the most typ-
ical pronunciation for the first character, whereas the most
plausible pronunciation for the second character is rather
ambiguous. Thus, the degree of typicality of the statistically
most typical pronunciation for each constituent character of a
two-character kanji nonword can be measured by the number
of words with the most typical pronunciation for the charac-
ter in the real word neighborhood, divided by the number of
neighbors. This value (hereinafter typicals/neighbors), when
averaged across the first and the second character, is a mea-
sure of the consistency for a two-character kanji nonword,
parallel to friends/neighbors as a measure of consistency for
two-character kanji words.

Fushimi et al. (1999)proposed that consistency should
be the main factor governing the choice of pronunciation
for each constituent character of a two-character kanji
nonword. On the basis of the typicals/neighbors measure,
two-character kanji nonwords were classified into three
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categories: (i)consistentif each constituent character has
a single invariant pronunciation across real word neigh-
bors (i.e. typicals/neighbors for this nonword= 1); (ii)
inconsistent-biasedif each constituent character has mul-
tiple pronunciations across real word neighbors but the
typicals/neighbors ratio for this nonword is relatively high;
(iii) inconsistent-ambiguousif each constituent character
has multiple pronunciations across real word neighbors and
typicals/neighbors for this nonword is relatively low. Thus,
consistent, inconsistent-biased and inconsistent-ambiguous
nonwords can be considered as located around different
points of a single continuum of balance between more and
less common pronunciations within real word neighbor-
hoods, measured by typicals/neighbors.

Fushimi et al. (1999)reported that, for normal readers
asked to read aloud kanji nonwords, assignment of the sta-
tistically most typical pronunciation was most frequent for
consistent, intermediate for inconsistent-biased, and least
frequent for inconsistent-ambiguous nonwords. On the as-
sumption that patients with surface dyslexia read nonwords
by the same similarity-based orthography-to-phonology
translation used by normal readers, we predicted that TI’s
nonword performance should be similarly sensitive this
manipulation of consistency.

3.2.1. Methods
Experimental stimuli comprised 120 two-character kanji

nonwords, with 20 nonwords in each of the six conditions
formed by crossing three bands of consistency (consistent,
inconsistent-biased, and inconsistent-ambiguous) with two
bands of character frequency (high-character-frequency
and low-character-frequency). Consistent nonwords were
generated from the consistent words used inSection 3.1,
by randomly recombining a character at position 1 of a

Table 3
Experiment 2: Characteristics of stimulus materials (mean± S.D.), examples of nonwords with the typical and alternative pronunciations accompanied
by normal readers’ performance, and proportions of nonwords for which TI produced various types of response, as a function of stimulus condition

High character frequency Low character frequency

Inconsistent Inconsistent

Consistent Biased Ambiguous Consistent Biased Ambiguous

Character frequency 2.89± 0.17 2.93± 0.19 2.98± 0.14 2.43± 0.23 2.35± 0.28 2.37± 0.26
Typicals/neighbors 1.00± 0.00 0.76± 0.05 0.60± 0.07 1.00± 0.00 0.77± 0.06 0.58± 0.07

Example
Typical pronunciation juu-gaku matsu-ai siN-ma maN-sou yaku-gaN ke-sai
Alternative pronunciation – sjou-gou kami-kaN – eki-kisi mou-sei
Proportion correct in normal 0.92± 0.07 0.93± 0.07 0.88± 0.09 0.92± 0.07 0.83± 0.11 0.85± 0.09
Typical/correct in normal 0.99± 0.03 0.81± 0.07 0.41± 0.10 1.00± 0.01 0.78± 0.12 0.39± 0.08

Correct response 0.90 0.90 0.90 0.50 0.50 0.50

Typical response 0.90 0.70 0.30 0.50 0.35 0.20
LARC response 0.00 0.20 0.60 0.00 0.35 0.55
Visual error 0.15 0.10 0.10 0.45 0.25 0.25
Incomplete response 0.00 0.00 0.00 0.05 0.15 0.20
“Do not know” response 0.00 0.00 0.00 0.00 0.05 0.00
Other 0.00 0.00 0.00 0.00 0.05 0.00

Typical/correct 1.00 0.78 0.33 1.00 0.70 0.40

consistent word with a character at position 2 of another
consistent word to constitute a nonreal combination of real
characters. Inconsistent nonwords were created in the same
way but from inconsistent words (both inconsistent typical
and atypical), and then split at the median value of typi-
cals/neighbors into two bands, namely, inconsistent-biased
nonwords with higher values on the typicals/neighbors
measure and inconsistent-ambiguous nonwords with lower
values on this measure. In each of the three consistency
bands created in this way, nonwords were split at the me-
dian value of character frequency, averaged across the first
and the second character, into high-character-frequency and
low-character-frequency bands. (SeeFushimi et al., 1999
for further details on these nonword stimuli).

The upper rows ofTable 3 present mean character
frequency (in log10-transformed occurrences per approxi-
mately one million word tokens, averaged across the first
and the second characters) (National Language Research
Institute, 1970), and the typicals/neighbors measure, as a
function of stimulus condition. As a result of how these
nonwords were created, within each character-frequency
band, character frequency was roughly equated across the
three consistency bands. Within each consistency band,
the typicals/neighbors measure was roughly equated across
the two character-frequency bands. If any concatenation
of legitimate pronunciations of a two-character kanji non-
word is treated as a correct response, normal young adults
achieved 89% correct performance in reading aloud these
nonwords (range 83–93% across the six conditions), even
under time pressure (see proportion correct in the middle
section ofTable 3; values fromFushimi et al., 1999). Of
greater relevance here, in all correct responses produced
across the 20 normal readers who participated in the ex-
periment, the percentage of responses where participants
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assigned the statistically most typical pronunciations for
both constituent characters of a target nonword was 99, 79,
and 40%, respectively, for consistent, inconsistent-biased,
and inconsistent-ambiguous nonwords, collapsed across
the two-character frequency bands. The middle section of
Table 3 also presents these values (abbreviated as typi-
cal/correct) as a function of stimulus condition, with ex-
amples of nonwords accompanied by the typical and the
alternative pronunciations.

3.2.2. Results
TI was tested in February and March 2001. The lower

rows of Table 3present the proportions of his various re-
sponse types for each of the six stimulus conditions. Typical
responses are those where TI assigned the statistically most
typical pronunciations to both constituent characters (e.g.
/yaku-gaN/ for ). LARC responses were those where
TI’s pronunciation was not the statistically most typical pro-
nunciation for one or both characters but was legitimate for
the character(s) in real word neighbors. Visual errors, incom-
plete and “don’t know” responses were defined as described
in Section 3.1.2. Other responses were those which did not
belong to any type of response mentioned above. When TI
produced typical and/or LARC responses to both characters,
it was counted as a correct whole-nonword pronunciation.
When he produced multiple responses or a response belong-
ing to two or more response types, each response type was
tallied, resulting in the proportions occasionally adding up
to more than 1.0.

TI’s accuracy was 70% overall, and was within the nor-
mal range for the high-character-frequency band (90%),
but poor for the low-character-frequency band (50%),
without any consistency effect in either band. In the occur-
rences of typical responses, however, a graded consistency
effect as well as a character-frequency effect emerged.
Typical responses occurred most frequently for consis-
tent, at an intermediate level for inconsistent-biased, and
least frequently for inconsistent-ambiguous nonwords, with
their occurrence more dominant in the high- than the
low-character-frequency band. Inversely, LARC responses
occurred least frequently for consistent, at an intermedi-
ate rate for inconsistent-biased, and most frequently for
inconsistent-ambiguous nonwords. Except for incomplete
responses in the low-character-frequency band, there was
no systematic effect of consistency on other response types,
but these erroneous responses were more frequent for low-
than high-character-frequency nonwords, resulting in TI’s
lower accuracy for low-character-frequency nonwords.

The bottom row of Table 3 presents the proportion
of typical to correct responses in each of the six stim-
ulus conditions. Although TI made more errors for
low-character-frequency nonwords than normal readers, for
the nonwords that TI did read correctly, the proportion of
responses with typical pronunciation was within the normal
range. This pattern demonstrates the predicted pattern of
a graded consistency effect on assignment of the statisti-

cally most typical pronunciations; and the typical/correct
measure of TI’s performance is nearly identical to that of
normal readers in each stimulus condition.

Because this ratio score of typical/correct cannot be
submitted to a regression analysis in a single case design,
the occurrences of typical responses were submitted to a
simultaneous logistic regression analysis with character
frequency and consistency as categorical predictors, both
of which yielded significant effects (consistency: Wald=
16.122, p < 0.001; character frequency: Wald= 10.543,
P < 0.001). Although the difference between consistent and
inconsistent-biased nonwords was marginal (Wald= 2.814,
P = 0.093), the difference between inconsistent-biased and
inconsistent-ambiguous nonwords was significant (Wald=
6.714,P < 0.01). When the occurrences of typical responses
were submitted to another simultaneous logistic regression
analysis with character frequency (log10-tansformed values)
and consistency (typicals/neighbors ratio) as continuous
predictors, both yielded significant contributions (consis-
tency: Wald = 18.666, P < 0.001; character frequency:
Wald = 15.683,P < 0.001).

3.2.3. Discussion
Our predictions were partially confirmed. TI pronounced

two-character kanji nonwords composed of high-frequency
characters with accuracy similar to normal readers. Both in
high- and low-character-frequency bands, he demonstrated
a consistency effect on the production of typical pronun-
ciations, graded from consistent to inconsistent-biased to
inconsistent-ambiguous nonwords, with proportions of typi-
cal to correct responses strikingly similar to those of normal
readers.

TI’s lower-than-normal accuracy in reading nonwords
composed of low-frequency characters disconfirms our pre-
diction that his nonword reading would be normal. Our pur-
pose in testing his nonword reading was, however, more to
demonstrate a normal impact of consistency than to estab-
lish completely normal levels of accuracy, and this goal is
satisfied by the virtual identity of the typical/correct scores
for TI and normal readers. The fact that TI made a num-
ber of visual errors and incomplete responses to nonwords
composed of lower-frequency characters—errors that rarely
occur in normal participants’ nonword reading and indeed
were not so common in TI’s own real-word reading—is,
however, to be noted; and it would be of interest to estab-
lish in future studies with TI (or other Japanese surface
dyslexic cases) whether this phenomenon has a primarily
orthographic or phonological basis.

3.3. Reading aloud kana words and nonwords

We briefly report here TI’s performance in reading aloud
kana strings. Kana word stimuli were hiragana transcrip-
tions of 20 two-character kanji words, a subset from those
employed inSection 3.1, which should be more precisely la-
beled pseudohomophones (viz. orthographic nonwords with
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a familiar phonological pattern) because these words are nor-
mally written in kanji. Kana nonwords were hiragana tran-
scriptions of the typical pronunciation for 20 two-character
kanji nonwords, a subset from those used inSection 3.2,
which were not homophonic to any real words. TI’s reading
accuracy was perfect both for kana pseudohomophones and
nonwords.

4. General discussion

The general cognitive profile of TI, a Japanese man with
focal and progressive atrophy of the anterior temporal lobe
(bilateral but left-dominant), corresponds to the consensus
criteria for semantic dementia (Hodges et al., 1992; Snowden
et al., 1989). In reading, TI demonstrated a striking pat-
tern of surface dyslexia. His performance in reading aloud
was perfect for kana words (more precisely kana pseu-
dohomophones) and kana nonwords, which have com-
pletely transparent character-sound correspondences. For
two-character kanji words with varying degrees of consis-
tency of character-sound correspondences, his success de-
teriorated as a function of both decreasing word frequency
and decreasing consistency of character-sound correspon-
dences, measured by the ratio of friends/neighbors. The
majority of his erroneous responses were LARC errors, in
which TI assigned the most typical pronunciation to one or
both component characters where the correct pronunciation
for that character in the target word is not the statistically
typical one. TI’s ability to read aloud two-character kanji
nonwords was normal, at least for nonwords comprising
higher-frequency characters. The probability with which he
gave statistically typical pronunciations to the component
characters of nonwords exactly mirrored that of normal
readers, decreasing with advancing ambiguity as measured
by the ratio of typicals/neighbors.

These results are consistent with our hypotheses that:
(a) for normal readers of Japanese morphographic kanji as
well as alphabetic English, direct translation from orthog-
raphy to phonology operates with reference to knowledge
of pronunciations of the target and also of other words
within its orthographic neighborhood; (b) again for nor-
mal readers of both morphographic and alphabetic scripts,
the efficiency of this translation declines as a function of
both decreasing word frequency and decreasing consis-
tency of character-sound correspondences; and (c) surface
dyslexic reading in both kanji and English reflects, in accu-
racy, the efficiency of this frequency- and similarity-based
orthography-to-phonology translation. Evidence for point
(b) comes not only from response-time data of normal read-
ers but also the fact that they make occasional LARC errors
when required to read aloud low-frequency words with atyp-
ical character-sound correspondences under time pressure
(Fushimi et al., 1999).

We acknowledge here that the difference between con-
sistent and inconsistent-typical words did not reach conven-

tional levels of statistical reliability in Experiment 1, and that
the difference between consistent and inconsistent-biased
nonwords was only marginally significant in Experiment
2. We confidently predict, however, that when additional
statistical power is available from data for a case series of
Japanese patients with surface dyslexia, a highly significant
graded effect of consistency will emerge. In the meantime,
we hope that the current study will provide a theoretical
framework inspiring subsequent studies on reading aloud
of Japanese. The question to be addressed now and in the
future is this: in a surface dyslexic reader like TI, with
essentially normal ability to read aloud kana words, kana
nonwords, kanji nonwords composed of high-frequency
characters, and higher-frequency kanji real words composed
of consistent characters, what is the nature of the deficit
that makes him so much more prone than normal readers
are to LARC errors when pronouncing inconsistent kanji
words? We discuss two alternative interpretations.

4.1. Interpretations by and implications for models of
reading aloud

As a starting point, we propose that any plausible model of
reading aloud in Japanese must now account for the clear-cut
consistency effects on response times in kanji word-reading
(and pronunciation assignment probabilities in kanji non-
word reading) for normal participants (Fushimi et al., 1999)
and likewise the clear-cut consistency effects in kanji read-
ing accuracy demonstrated for TI and other patients with se-
mantic impairment (Nakamura et al., 2000; Patterson et al.,
1995). These demonstrations require a major component of
kanji processing in which the pronunciation activated for
each constituent character of a kanji word or nonword is
a graded function of consistency of character-sound corre-
spondences. We further suggest that models developed for
reading aloud in alphabetic scripts, especially dual-route and
triangle models, may be pertinent to an understanding of
consistency effects in Japanese kanji.

Standard dual-route models assume two strictly separate
and independent processes for reading aloud: the lexical
and the nonlexical routes (e.g.Coltheart, 1985). In the lex-
ical route, the target word activates its stored whole-word
orthographic representation which in turn activates the corre-
sponding whole-word phonological representation. This pro-
cess is accomplished by the lexical-nonsemantic route, with
perhaps an additional contribution from the lexical-semantic
route, and thus provides correct pronunciations both for reg-
ular and exception words, with greater efficiency for high-
than low-frequency words. The nonlexical route translates
each subword-level orthographic component into its phono-
logical counterpart on the basis of a set of pronunciation
rules (e.g. GPC rules) and then concatenates these phono-
logical elements. It thus provides a rule-governed pronunci-
ation which is correct for regular words and also nonwords
but erroneous for exception words. In this framework, sub-
stantial but incomplete damage to the frequency-modulated
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lexical route, coupled with a spared nonlexical route, pro-
duces surface dyslexia. Damage restricted to the semantic
system (or the lexical-semantic route) does not yield surface
dyslexia, because the preserved lexical-nonsemantic route
activates correct phonology for exception words. Thus, the
dual-route model interprets the commonly observed associ-
ation between semantic impairment and surface dyslexia as
non-causal, arising from damage to two independent (but
probably adjacent) brain regions that underpin semantic rep-
resentations and the lexical-nonsemantic route for reading.

The traditional view of reading aloud in Japanese, im-
porting this classical dual-route conception, has typically
assumed that kanji words and high-frequency kana words
are processed by the lexical-nonsemantic route (and pos-
sibly also by the lexical-semantic route in the case of
kanji words) (e.g.Hayashi, Ulatowska, & Sasanuma, 1985;
Sasanuma, 1987). Low-frequency kana words and kana
nonwords are supposed to be pronounced by a nonlexi-
cal route consisting of kana-mora correspondence rules.
Damage to the lexical route explains a selective deficit in
reading aloud kanji words, coupled with preserved ability
to read aloud kana words and nonwords. Furthermore, be-
cause the efficiency of the lexical route is assumed to be
frequency-modulated, its partial disruption produces a more
severe deficit for low-frequency kanji words, as observed in
TI’s performance. The simple assumption that kanji words
are processed by a word-specific lexical route, however,
cannot account for the consistency effects observed in TI’s
performance, including his relatively preserved ability to
read lower-frequency kanji words with consistent charac-
ters. As a result of a gradual awakening to the possibility
of subword-level translation from orthography to phonol-
ogy in kanji (Wydell, Butterworth, & Patterson, 1995),
some researchers adopting a dual-route perspective have
suggested that the nonlexical route applies to kanji char-
acters (Saito, Masuda, & Kawakami, 1999; Tamaoka &
Hatsuzuka, 1998), although the nature of this nonlexical
translation has not been described in detail. According to
this proposal, even in the absence of adequate lexical pro-
cessing, a spared nonlexical route should provide the correct
pronunciation for consistent and inconsistent-typical words,
and the statistically typical (and therefore correct) pronunci-
ation for nonwords.6 Again, however, this proposal cannot

6 Coltheart et al. (2001, p. 236) argued that the distinction between
a lexical and nonlexical route cannot apply to Chinese or Japanese
kanji because monosyllabic nonwords cannot be written in these scripts
(The authors presumably mean single-character nonwords, and referred to
‘monosyllabic’ nonwords because one character always equals one syl-
lable in Chinese. As illustrated earlier, one character of Japanese kanji
may correspond to one, two or three morae). However, this description
is insufficient because many kanji characters appear only as constituent
characters of multiple-character kanji words and/or kanji-kana compound
verbs or adjectives, but not as single-character kanji words. Therefore
these characters, which might be thought of as a kind of bound mor-
pheme, are single-character nonwords even if they have meaning. Fur-
thermore, as described in the present study, in two-character kanji strings,
the distinction between words and nonwords seems reasonable.

account for graded effects of consistency in reading aloud
words and nonwords—especially TI’s poorer performance
for inconsistent-typical than consistent words—because the
concatenation of the most typical pronunciation for each
component character constitutes the correct pronunciation
for both consistent and inconsistent-typical words. Further-
more, if the nonlexical route provided the statistically most
typical pronunciation for each component character, TI (as
well as normal readers) should always assign the typical
pronunciation to kanji nonwords. This is not the case: both
TI and normal readers assign pronunciations to the compo-
nent characters of nonwords in a manner graded by their
degree of consistency.

Although there are several ways, in the dual-route frame-
work, to account for the graded consistency effects observed
in TI’s performance, we describe briefly one candidate
originally suggested in the dual-route cascaded (DRC)
model (Coltheart et al., 1993; Coltheart et al., 2001). In a
possible Japanese version of the DRC model, a word (e.g.

) activates not only its orthographic representation but
also (though of course not as strongly) representations of
words orthographically similar to the target (e.g. neighbors
like /siN-pu/, /siN-wa/, /kami-sama/). Also a
nonword (e.g. ) weakly activates orthographic repre-
sentations of real-word neighbors. These activations feed
forward, in a cascaded manner, to their phonological repre-
sentations and then to the phoneme system, where the out-
puts from the lexical-nonsemantic and the nonlexical routes
are combined. This kind of cascaded processing may re-
sult in activation of nontypical (e.g. /kami/) pronunciations
in inconsistent words and nonwords but not in consistent
words and nonwords. If this kind of cascaded processing
operates even in a partially damaged lexical-nonsemantic
route, or if the nature of malfunction in this route in fact
allows more neighborhood activation than in normal opera-
tion, then a graded consistency effect may emerge in surface
dyslexia.

An alternative family of models able to predict and in-
terpret graded effects of consistency observed in English-
speaking readers is the triangle model instantiated in
connectionist networks with several different specific archi-
tectures (e.g.Plaut et al., 1996; Seidenberg & McClelland,
1989). The triangle model assumes that a word is repre-
sented as a distributed pattern of activity over neuron-like
processing units in separate orthographic, phonological,
and semantic domains, each of which communicates with
the other two domains via pools of hidden units. Activation
in any one domain propagates automatically to both of the
others. In reading aloud, the orthography of a given word
activates its pronunciation primarily through connections
from orthographic to phonological units. This computation
is more efficient for high- than low-frequency words be-
cause the network’s connection weights are gradually set
during learning, when the system encounters high-frequency
words many times. The computation is also most effi-
cient for consistent words like GLOBE, intermediate for
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inconsistent-typical words like STOVE, and least efficient
for inconsistent-atypical words like GLOVE because, in a
distributed system, computation of the phonology of a target
word is affected by neighboring words with a similar spelling
pattern.

Plaut et al. (1996) implemented several different
orthography-to-phonology networks with the goal of simu-
lating frequency-by-regularity effects in normal readers and
patterns of performance in surface dyslexia. In one simula-
tion consisting merely of an orthography-to-phonology net-
work, which successfully simulated frequency-by-regularity
effects on normal response times, increasing levels of dam-
age to this network eroded performance not only for excep-
tion words but also for regular words and nonwords. This
result is incongruent with the fact that surface dyslexic pa-
tient may demonstrate preserved regular-word and nonword
reading even when the impairment for exception words is
profound (Funnell, 1996; McCarthy & Warrington, 1986).
Another orthography-to-phonology network was therefore
trained with additional input to phonology, intended to
mimic phonological activation arising from semantics. Be-
cause the orthography-to-phonology network is inherently
inefficient for lower-frequency words with less typical
spelling-sound correspondences, the premise underlying
this computational choice was that additional activation
of phonology from semantics should be more critical for
correct pronunciation of these “inefficient” words than for
items that benefit from high word frequency or typical
spelling-sound correspondences and are therefore processed
efficiently just on the basis of orthography-to-phonology
connections. When such putative semantic support was re-
duced in this version of the triangle model (Plaut et al.,
1996), the network successfully simulated impaired reading
of low-frequency exception words, coupled with preserved
regular-word and nonword reading in surface dyslexic pa-
tients, as well as the neighborhood consistency effects ob-
served in an English patient with profound semantic impair-
ment and striking surface dyslexia (Patterson & Behrmann,
1997).

It is important to note that, because this version of the tri-
angle model assumes a causal relationship between semantic
impairment and surface dyslexia, its adequacy is challenged
by any observations of semantically impaired patients whose
reading does not reveal a surface dyslexic pattern. There
have been several reports of this dissociation (Cipolotti &
Warrington, 1995; Gerhand, 2001; Lambon Ralph et al.,
1995), and we therefore acknowledge that this framework
requires further development (seePlaut (1997)for an ini-
tial computational attack on this problem). It is nevertheless
worth noting that a very small number of observations of
a dissociation between substantial semantic impairment and
preserved exception-word reading has to be evaluated in the
context of by-now hundreds of observations of the associ-
ation between semantic impairment and surface dyslexia in
many different languages; and furthermore that—although
traditional neuropsychological reasoning gives more weight

to one reported dissociation than to 100 observations of an
association—this is not a universally accepted point of view.
For example, “This is not to say that all instances of isolated
strong dissociations are theoretically useless. . . but they
must be approached with a degree of wariness, pending the
demonstration of their high prevalence. . . [and they] should
not be treated with unrestrained enthusiasm as the major
tool of neuropsychological discovery and theory-building”
(Goldberg, 1995, p. 195).

To return to models of reading aloud in Japanese: we pro-
pose that an interpretation of surface dyslexic reading as the
manifestation of an intact orthography-to-phonology com-
putation under the reduction of additional phonological acti-
vation from semantics is also useful to interpret and simulate
surface dyslexia in Japanese. One enterprise along this line
is a connectionist network for computing phonology from
orthography of two-character kanji words developed byIjuin
et al. (1999). In this network, the orthography of a kanji word
is represented as a grid or bitmap pattern over hundreds of
visual units, each of which has an on or off value as used in
computer fonts. The phonology of a word is represented as
an activation pattern over an array of phoneme units, each
of which represents a specific phoneme in a specific mora
position. Thus, words (and nonwords) are represented over
the same set of orthographic and phonological units shared
across all items; there are no word-specific lexical nodes.
The network has successfully simulated a frequency effect, a
graded consistency effect, and the interaction between these
two variables observed in skilled readers’ response times
in reading aloud the same set of two-character kanji words
employed in the present assessment of TI’s word-reading
performance. It will therefore be of substantial theoretical in-
terest to determine whether this network, when trained with
additional input representing phonological activation aris-
ing from semantics, demonstrates surface dyslexic reading
when this semantic support is reduced.

In summary, the graded consistency effects observed in
TI’s reading aloud of kanji words and nonwords consti-
tute important evidence for frequency and similarity-based
orthography-to-phonology translation in Japanese kanji, and
thus provide significant information to constrain the devel-
opment of models of reading in Japanese and other nonal-
phabetic scripts.
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