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NNCS Deep dyslexia for kanji and phonological 
dyslexia for kana: Different manifestations 

from a common source

Deep-Phonological Dyslexia in Japanese Hitomi Sato,1 Karalyn Patterson,2 Takao Fushimi,3 Jane Maxim,4 
and Karen Bryan5
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2MRC Cognition and Brain Sciences Unit, Cambridge, UK
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A Japanese-speaking stroke patient with disrupted phonology but relatively good semantics was severely impaired
in nonword reading, with better preserved and imageability-modulated word-reading in both kanji and kana. This
basic similarity of reading in the two Japanese scripts was accompanied by the following differences: (i) distinct
error patterns (prominent semantic errors for kanji vs. phonological errors for kana); (ii) a more pronounced
imageability effect for kanji; and (iii) a remarkable pseudohomophone advantage for kana. The combination of
deep dyslexia for kanji and phonological dyslexia for kana in a single patient suggests that these are not two dis-
tinct reading disorders.

Keywords: Deep dyslexia; Phonological dyslexia; Japanese orthography; Phonological impairment.

INTRODUCTION

This paper is motivated by two issues in the cognitive
neuropsychology of language and reading. One of
these questions applies to virtually any language or
writing system: what is, or are, the underlying defi-
cit(s) in the two acquired reading disorders known
as deep and phonological dyslexia, and are these
distinct disorders? The second question is specific to
Japanese, with its two different forms of orthogra-
phy, morphographic kanji and phonographic kana:
do the observed ‘dissociations’ in impairments with

respect to these two forms of orthography indicate
different reading mechanisms for kanji vs. kana?

The history of the first question dates back
nearly 30 years, to the time when phonological
dyslexia was first reported (Beauvois & Derouesné,
1979) and researchers (e.g., Patterson, 1982) were
noting its similarities to/differences from deep
dyslexia (e.g., Marshall & Newcombe, 1973). Deep
dyslexia (Coltheart, Patterson, & Marshall, 1980)
consists of a constellation of symptoms, of which
the most important are (a) total or nearly-total fail-
ure to read aloud any nonwords or pseudowords
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DEEP-PHONOLOGICAL DYSLEXIA IN JAPANESE 509

(such as dake in English); (b) degrees of success in
real word reading that vary with the concreteness
or imageability of the target words, and possibly
also with word class (though the latter symptom
may in fact be a result of the former (e.g., Barry &
Richardson, 1988), since the less favoured word
classes – especially function words – are low in
imageability); and (c) at least occasional errors1

in single-word reading where the response is
semantically, but not orthographically or phono-
logically, related to the target word (e.g., lecturer
→ ‘student’).

Phonological dyslexia has a rather similar profile,
but with the following differences: (a) although
nonword reading is always impaired relative to
normal readers (indeed, this is the criterial feature
of phonological dyslexia), it is rarely abolished;
(b) where patients have been tested on reading
pseudohomophones (e.g., caik, homophonic with
the word cake) vs. matched nonwords which do
not sound like real words when pronounced, a
significant pseudohomophone advantage is some-
times observed; (c) real-word reading overall is
usually better than in deep dyslexia as well, such
that the imageability and/or part-of-speech effects
may be less striking; and (d) frank semantic errors
lacking any structural similarity to the target word
are absent.

As described by Coltheart (1996), from the perspec-
tive of the syndrome approach to neuropsychology,
this phonological-dyslexic profile signalled a disorder
truly separate from deep dyslexia. A different inter-
pretation treats phonological dyslexia as the milder
end of a continuum with deep dyslexia (Crisp &
Lambon Ralph, 2006; Friedman, 1996; Glosser &
Friedman, 1990). In either case, there remains con-
siderable debate about the nature of the deficits
underlying these disorders. In particular, (a) can all
of the symptoms in either or both conditions be
explained by a single deficit, or are multiple impair-
ments involved? (b) Are deep and phonological
dyslexia specific disorders of reading, or are the
reading impairments a predictable manifestation
of a more general language deficit?

The second question addressed in this study,
referred to as the ‘kanji–kana problem’ in the
Japanese research community (e.g., Kawamura,

2007), has a longer history, starting with the first
clinical and/or experimental studies of reading and
writing disorders in Japanese (e.g., Imura, 1943;
Imura, Nogami, & Asakawa, 1971; Kimura, 1934;
Sakamoto, 1940). There are many descriptions
available in western literature (e.g., Fushimi, Ijuin,
Patterson, & Tatsumi, 1999; Morton & Sasanuma,
1984) of the characteristics of kanji (the morpho-
graphic set of characters essentially inherited from
China) and kana (the phonographic characters
created in Japan to represent morae – the basic pho-
nological units of spoken Japanese2 – consisting of
hiragana and katakana). Three important differ-
ences will be briefly summarised here:

First of all, each kana character has a single, fixed
pronunciation that does not vary from one context
to another. Orthography-to-phonology relation-
ships for words written in kana are thus perfectly
consistent and predictable. The pronunciation of
kanji words, by contrast, is much more inconsistent
and unpredictable, because most kanji characters
have multiple pronunciations or ‘readings’, and the
correct one for a given target word depends on the
other component character(s) in the word.

Secondly, individual kanji characters always con-
vey some meaning, though the meaning of the char-
acter on its own may not be transparently related to
the meaning of a word containing that character.
Individual kana characters, by contrast, are reason-
ably pure symbols for sound rather than meaning.

Finally, although any Japanese word can be written
in kana (since it represents sound), the two scripts
are in practice used to write different types of words:
nouns and the root forms of verbs and adjectives
are most often written in kanji; function words, the
obligatory inflections on verbs and adjectives, and
some content words are written in hiragana. An
alternative but exactly equivalent set of katakana

1The percentage of semantic errors (out of all errors) varies
considerably from one deep dyslexic patient to another. For
example, it was 54% in PW (Patterson, 1978) and 10% in PS
(Shallice & Coughlan, 1980).

2Morae, or moras, are the time-based units of spoken Japa-
nese. There are 108 distinct morae in the corpora of Japanese
speech and more than 70% of morae are consonant-vowel
combinations (CV) (Otake, 1990). Additional moras consist
of vowels on their own (the five canonical vowels of Japanese,
/a/, /i/, /u/, /e/, /o/), more complex combinations of consonant
and vowel (CjV), and the two special moras corresponding to
nasal (N) and geminate consonants (Q). For instance, the
katakana word caramel, pronounced /kja-ra-me-ru/,
consists of one CjV morae (kja) and three CV moras (ra, me,
and ru), and the kanji word  stairs, pronounced /kai-daN/,
consists of two CV moras (ka and da), one V morae (i) and one
nasal (N). Both  and  are 4-mora words.
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510 SATO ET AL.

characters, again representing pronunciation in a
transparent way, is used for loan words (such as

, pronounced /me-ro-N/, meaning melon).
Owing to these very distinct features of the two

Japanese writing systems, it is not surprising that,
following lesions to language networks in the
brain, there may be substantial differences in both
degree of success and types of errors in oral reading
of words in kanji vs. kana. Some researchers have
claimed that these differences constitute a mean-
ingful double dissociation and have linked the two
sides of the dissociation to different lesion sites:
kanji > kana with a left angular gyrus lesion (e.g.,
Yamadori, 1975; Kawamura, 1990), and kanji <
kana with a left posterior inferior temporal lesion
(e.g., Kawahata, Nagata, & Shishido, 1988; Sakai,
Sakurai, Sakuta, & Iwata, 1992). It is essential to
note, however, that these studies used single kana
characters (=nonwords)3 and/or kana transcrip-
tions of kanji words (�pseudohomophones)4 as
kana reading stimuli to compare with single kanji
characters and/or kanji words. Thus, cases of a
reported kanji advantage might be attributable to a
lexical/semantic effect (words > nonwords), and
cases of a kana advantage to a pronunciation con-
sistency effect (transparent kana > unpredictable
kanji). Even a study (Sugishita, Otomo, Kabe, &
Yunoki, 1992) which criticised the methodology of
previous investigations examined the patients’
reading performance using single basic kana and
kanji characters (N = 46 each, the kanji characters
also corresponding to single-character words). In
short, neuropsychological attempts to determine
whether reading mechanisms are different for
kanji vs. kana have been somewhat hindered by
problems in the selection of reading materials in
the two orthographies.

The logic underlying many early studies was pre-
sumably that, since any word in Japanese can be
written in kana, the sensible experimental contrast
would be between real kanji words and the same
items transcribed into kana, because then the tar-
get pronunciations of stimuli in the two scripts
would be identical. Unfortunately, this strategy

confounded script type with orthographic familiarity:
a word normally written in kanji is familiar in kanji
but much less so in kana – even if it is easily pro-
nounceable by any normal Japanese reader. Further-
more, this experimental choice also confounded
script type with orthographic word length: the pro-
nunciation of a 2-character kanji noun usually has
3 or 4 moras, and therefore requires 3 or 4 characters
in its kana transcription. In addition, kanji words
have many homophones (e.g., /ka-rei/:  mag-
nificent,  graceful,  aging,  over refriger-
ation, etc.); and whereas morphographic kanji – which
specifies meaning – disambiguates homophonic alter-
natives, phonographic kana does not. Finally, some
vocabulary items can be written in either kanji or
kana.5 For all of these reasons, recent studies (e.g.,
Sasanuma, Ito, Patterson, & Ito, 1996) have usually
opted for a contrast between words normally written
in kanji with those normally written in kana. Mean-
while, kanji nonwords have not been used in reading
investigations of neurological patients until quite
recently (Fushimi et al., 2003). This may be attribut-
able either to an intuitive notion that ‘logographic’
kanji is processed via semantics, or to a failure to
appreciate how much can be learned from patients’
ability to read nonwords, or both.

The study reported here concerns the reading
and other language abilities of a Japanese stroke
patient with impaired phonological abilities. By
contrasting her reading performance on different
types of words and nonwords written in kana and
kanji, and by trying to characterise her pattern of
reading in the different scripts as either phonological
or deep dyslexia, we hope to offer a small but
significant step in the resolution of both of the
issues outlined in the introduction.

3Although some single morae in Japanese correspond to
words (e.g., /me/ eye, /ki/ tree), such words are commonly
written in kanji characters, not in kana characters. Therefore,
single-kana characters can be considered as non-homophonic
nonwords or pseudohomophones.

4Hiragana transcriptions are not misspelled, but psycholin-
guistically they are similar to pseudohomophones, as Coltheart,
Patterson, and Marshall (1987) pointed out.

5This flexibility of the Japanese writing system led Kondo
and Amano (1999) to propose a new psycholinguistic variable
called orthographic plausibility. This is similar to orthographic
wordlikeness and reflects a sort of subjective acceptability of
writing a particular lexical item in kanji, katakana or hiragana.
The degree of orthographic plausibility (on a 5-point scale) for a
kanji word which is normally written in kanji is of course high,
whereas this value for its transcriptions is low. For example, the
word meaning magnificent, pronounced /ka-rei/, is usually writ-
ten in kanji, and this representation ( ) has a plausibility
value of 4.75; when written in hiragana ( ), the plausibil-
ity value drops to 2.75; and if written in katakana ( ), it
drops still further to 1.60. For the subset of words that are fre-
quently written in either kanji or kana, such a pattern is not
observed (e.g., apple /ri-N-go/:  = 4.30,  = 4.15,

 = 4.05).
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DEEP-PHONOLOGICAL DYSLEXIA IN JAPANESE 511

Case report

YT, a right-handed 55-year-old female restaurant
owner with a 12-year education, suffered a haemor-
rhage of the left putamen and had an operation for
removing a haematoma in 1996. YT’s MRI (Figure
1) shows a left hemisphere lesion in the sub-cortex,
the temporal area of the cortex and in the parietal
area of the sub-cortex.6 Her spontaneous speech was
non-fluent but well articulated. Word finding difficul-
ties were evident in picture description, with semantic
errors, though often accompanied by a statement
that the produced word was not the target (e.g., cof-
fee → ‘cider, no it wasn’t’). Phonological errors were
infrequently observed, sometimes accompanied by
self-correction. On first assessment in 1998, YT’s pro-
file on the Japanese version of the Western Aphasia
Battery (1986) was as follows: spontaneous speech
12; auditory comprehension 6.75; repetition 7.0;
naming 5.3; Aphasia Quotient 62.1. Her reading
aloud of single-character kanji words was poor but
more successful for concrete words (29/60 = 48%)
than abstract words (11/60 = 18%). Semantic errors
also occurred more frequently for concrete words (17/
31 = 55%) than abstract words (7/49 = 14%). She
could write Arabic numbers, a limited number of
kanji characters, and only three kana characters. Her
verbal fluency within a 1-min time limit was 4 for a

semantic category (animal) and zero for a letter (/ka/).
Her digit span (forward) was only 2 and she could
not perform backward span. YT’s score for Raven’s
Coloured Progressive Matrices (Raven, 1962) was 30/
36 and for copying the Rey complex figure (Rey,
1941) was 35/36.

The main investigations were conducted when
YT was 5–6 years post onset.

RESULTS OF EXPERIMENTAL 
INVESTIGATIONS

The results will be organised into five sections: (1)
assessment of semantic and phonological abilities, to
establish the status in YT of the most basic language
skills; (2) nonword reading, to characterise the nature
of YT’s reading disorder; (3) word reading, for the
same purpose; (4) pseudohomophone reading, to
determine whether the phonological ‘familiarity’ of
nonwords plays an important role; and (5) word
reading and picture naming with an incremental cue-
ing technique, to examine the interaction between
orthographic, semantic and phonological sources of
activation in YT’s spoken word production.

Assessment of semantic and phonological 
abilities

Semantic knowledge 
and word comprehension

The Tiger and Lion Test (Sato, 1996) comprises
60 pictures representing 6 exemplars from each of
10 semantic categories (5 animate and 5 inanimate:

6YT’s lesion is consistent with reports that the usual lesion
site in deep dyslexia is the left-temporo-parietal region and
‘typically larger, encompassing at least the perisylvian area
and often extending to include much of the left hemisphere’
(Lambon Ralph & Graham, 2000, p. 142).

Figure 1. Horizontal and coronal sections of an MRI (T2-weighted imaging) for YT in June 2002.
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512 SATO ET AL.

e.g., birds, musical instruments) and provides meas-
ures of both expressive and receptive semantic
knowledge. For an aphasic patient, expressive tasks
are always more difficult, and unsurprisingly YT
was impaired in this regard, with a picture naming
score of 45/60 = 75%. In the receptive components
of the test, on the other hand, she achieved essen-
tially perfect scores: for spoken word-to-picture
matching, in which the target picture was presented
along with 5 same- or different-category distracters,
her score was 59/60 = 98% in the same-category
condition and 60/60 = 100% in the different-cate-
gory condition. In a version of the Pyramids and
Palm Trees Test (Howard & Patterson, 1992)
modified7 by changing several test items to make
the test more appropriate for Japanese subjects,
YT’s performance was also good: 3 pictures: 96%;
1 spoken word and 2 pictures: 94%; 1 written word
and 2 pictures: 98%; 3 written words: 98%.

For another assessment of written word compre-
hension, we used 42 katakana words comprising
2 to 6 characters and 42 kanji words comprising
1 to 3 characters; in both cases, there were 6 items
in each of the identical seven semantic categories
(e.g., for animals, katakana word:   giraffe, and
kanji word:  bear). In written word-to-picture
matching with same-category distracters, YT’s
score was 41/42 = 98% for both katakana words
and kanji words.

In a difficult 3-alternative forced choice semantic
similarity judgement task designed to assess com-
prehension of both concrete and abstract words, YT
was asked to match a written single-character kanji
word to a semantically similar target word among a

semantically associated distracter and a visually
similar distracter (e.g.,  car →  vehicle, 
traffic,  knitting;  puzzle →  obscurity,

incident, illumination). Her performance,
though not perfect, was fairly good and equal for
concrete words (46/52 = 88%) and abstract words
(47/52 = 90%). In the abstract word comprehension
test (Uno, 2003), YT’s score was 44/45 = 98% for spo-
ken words and 43/45 = 96% for written 2-character
kanji words.

Non-reading phonological abilities

Table 1 presents YT’s results in 5 non-reading pho-
nological tasks for both words and nonwords. YT’s
repetition ability was further examined in detail.

Repetition. YT was asked to repeat 48 two-mora
words and 48 nonwords, with the latter created by
reversing the first and the second mora of 2-mora
words. She was also asked to repeat a set of 120
three-, four-, five-mora words (N = 40 each) which
are normally written in katakana, and 120 four-
mora nonwords. The nonwords were created from
the 4-mora katakana words by (i) transposing the
second and the third mora, (ii) substituting one of
the constituent morae with a different mora, and
(iii) randomising the mora sequence. While YT’s
performance was near perfect for word repetition,
her repetition of nonwords was substantially
impaired, especially for the longer strings. The
majority of her errors were phonologically similar
to the target (48/52 = 92%; 8/10 for 2-mora non-
words, 40/42 for 4-mora nonwords); of these 48
errors, 11 were lexicalisation errors like /bi-ta-me-
N/ →/bi-ta-mi-N/ vitamin.

Phonological discrimination. In the phonetic
discrimination test (Endo et al., 2000), consisting of
26 CV identical pairs and 26 CV different pairs, which
include 10 different phonemes (/d/, /g/, /t/, /z/, /m/, /n/,
/k/, /s/, /p/, /b/), YT could recognise a consonant
difference with no errors. In the mora discrimination

7Patterson et al. (1995) modified this test for investigating a
Japanese neurological patient and created 49 test items. We
added three new items to this version in order to match the
number of items to the original test.

TABLE 1 
YT’s performance (% correct) in five phonological tasks not involving reading

Repetition
Mora 

Discrimination 
(N = 60)

Mora 
Detection 
(N = 144)

Mora 
Segmentation 

(N = 72)

Mora 
Concatenation 

(N = 40)
2 mora 

(N = 48)
4 mora 

(N = 120)

Words 100 98 100 65 49 98a 
100b

Nonwords 79 65 93 62 40 73a

50b

arate of presentation = 1 mora/sec; brate of presentation = 2 sec between 1st and 2nd mora, 1 sec between 2nd and 3rd mora
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DEEP-PHONOLOGICAL DYSLEXIA IN JAPANESE 513

task, pairs of items differing in one mora were pre-
sented to YT for same/different judgments. There
were 60 word pairs (e.g., /ha-ke/ brush vs. /ha-ko/
box) and 60 nonword pairs (e.g., /no-yo/ vs. /nu-yo/).
YT’s judgments were flawless for the word pairs,
but she made a few errors on nonword pairs.

Mora detection. Three sets of 3-mora spoken
words and nonwords (N = 48 of each per set) were
prepared with reference to three target morae, /ka/,
/su/, and /mo/. The order of items was randomised
for lexical status but blocked for target mora. In
each blocked set, half of the stimuli contained a
target (e.g., /ki-N-ka/, /su-mi-re/) and half did not;
in those containing a target mora, the target
occurred in the initial, middle or final position in
equal proportions. YT was simply asked to make a
yes/no judgement as to whether each spoken stimu-
lus contained the specified target mora. In this easy
task with a 50% chance rate of success, YT’s per-
formance was very poor: 93/144 = 65% for words,
89/144 = 62% for nonwords. These scores are
above chance, since the 95% confidence intervals do
not include 50% (for words, the confidence interval on
YT’s score is 57–72%, and for nonwords, 54–69%),
but not a great deal above chance.

Mora segmentation. The stimuli were 3 sets of 24
three-mora words or nonwords. In each blocked
set, every stimulus (word or nonword) contained
one of the target morae /ka/, /su/ or /mo/. YT was
asked to judge the position of the target mora by
pointing to one of three horizontally placed circles
representing the 3-mora positions. As with mora
detection, YT’s scores were very poor: 35/72 = 49%
for words and 29/72 = 40% for nonwords. The 95%
confidence interval for words (37–60%) is just
above the chance level of 33%; but the correspond-
ing interval for nonwords (30–52%) fails to rule out
a hypothesis of chance performance. YT was least
successful at locating the target when it occurred in
middle position: scores for initial, middle, and final
position were 18/24, 7/24, 10/24 for words, and
10/24, 6/24, 13/24 for nonwords.

Mora concatenation. YT was given auditory
presentation of 80 three-mora stimuli, 40 words
and 40 nonwords; the nonwords were formed from
the words by either transposing the second and
third mora of the base word (e.g., /hi-yo-ko/ → /hi-
ko-yo/) or by substituting a different mora in sec-
ond or third position (e.g., /se-na-ka/ → /se-no-ka).
The stimuli were presented once at a rate of
1 mora/second, and a second time with a longer
(~2-s) gap between the onsets of the first and the
second morae. Her task was to concatenate each

separated sequence into a single utterance (in
English, a real-word example from the first condi-
tion would be like hearing com - pu - ter at one
syllable/second and being asked to produce the
word ‘computer’ in response). YT’s performance
was near perfect for real words but much poorer
for nonwords: 29/40 = 73% with a regular spacing
of morae and 20/40 = 50% with a longer gap
between the initial and middle morae.

Repetition of single and multiple items. YT’s
ability to repeat single words both immediately
and after a delay (during which she counted from
one to five) was tested for 100 words varying in
imageability (Ogawa & Inamura, 1974; Itukushima,
Ishihara, Nagata, & Koike, 1991) and familiarity
(Amano & Kondo, 1999). She was near perfect for
immediate repetition (98/100) and still moderately
successful after a delay (84/100); in the delayed con-
dition, her poorest performance was on low imagea-
bility/low familiarity words (13/20 = 65%).

The stimuli for the multiple-item repetition task
were 2- and 3-word strings of 3- and 4-mora words
from three bands of imageability (Wydell, 1991). YT’s
ability to repeat word sequences was impaired even
for 2-word strings (45/72 = 63%) and was severely
impaired once list-length reached three (7/48 = 15%).
The impact of imageability on her success was signifi-
cant for 3-word strings (high vs. low imageability
bands, χ2(1) = 5.93, p < .02) and nearly so for 2-word
sequences (high vs. low, χ2(1) = 3.37, p = .06). It is
worth reporting that YT made two semantic errors in
the delayed and 3-item repetition task ( sickness
/bjo-ki/→  sudden illness /kju-bjo/,  poplar
/po-pu-ra/→  a row of trees /na-mi-ki/).

Comment

These tests establish that YT had relatively well-
preserved semantics combined with a significant
phonological impairment. Her phonological deficit
was exacerbated when the tasks required either (a)
analysis or production of unfamiliar phonological
strings (nonwords) or (b) a significant working-
memory component. Phonological tasks such as
repetition and mora concatenation revealed a sub-
stantial advantage for real words > nonwords; and
some of the phonological tests with real words, such
as immediate serial recall, indicated a substantial
impact of the semantic ‘richness’ of the word
stimuli (i.e., high vs. low imageability). The former
effect might arise from the advantage conferred by
the phonological familiarity of real words, or the
fact that they have meaning, or both. The latter
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514 SATO ET AL.

effect indicates that – at least for YT and probably
for normal speakers as well (Romani, McAlpine, &
Martin, 2008; Walker & Hulme, 1999) – word
meaning influences the activation/maintenance
of phonological representations in what some
researchers consider a purely phonological task.

Reading aloud nonwords

Reading aloud kana characters

Kana characters are conventionally divided into
three groups: (a) the basic set comprising 46 hira-
gana/katakana characters which, apart from the
nasal ( ), correspond to V or CV morae (e.g.,   =
/a/,  = /ki/); (b) the diacritical set comprising 25
hiragana/katakana characters which also correspond
to CV morae but have a diacritical mark representing
a phonetic distinction such as voicing (e.g.,  = /sa/
but  = /za/); and (c) the complex set compris-
ing 36 hiragana/katakana 2-character compounds,
corresponding to CjV mora (e.g.,  = /mjo/). All
normal Japanese adults, and even children who
have just learned to read, achieve 100% correct in
reading aloud these single kana characters. As
shown in Table 2, YT was very poor in reading aloud
both types of kana characters, with errors consisting
of production of a different CV within the same set or
no response. In attempting to read several kana
characters in the basic set, YT used the order of the
kana list8 (e.g.,  /o/ →/a, i, u, e, o/ then /o/) and she
also used lexical relay-words for reading other sets of
kana (e.g.,  /zu/ → /mi-zu/ water then /zu/), though
these strategies were not always successful.

Reading aloud nonwords in kana and kanji

The katakana stimuli were the 48 two-mora
nonwords and the 120 four-mora nonwords used
in the nonword repetition task. None of the stimuli
contained any complex CjV mora like /kju/. As
shown in Table 2, YT was moderately impaired for
2-character kana nonwords (42%) and failed
almost completely to read 4-character kana non-
words (3% correct). The kanji nonwords were the
120 two-character kanji nonwords (4-mora) from
Fushimi et al. (1999), created by combining pairs
of real kanji characters that cannot go together to
form a real word. YT’s kanji nonword reading was
severely impaired (7%). Since normal readers’
accuracy on such materials is 100% for kana non-
words and 88% for kanji nonwords, YT’s failure to
read aloud kana/kanji nonwords was striking.

The nature of YT’s nonword reading errors

The majority of YT’s errors in kana nonword
reading were lexicalisations (61/117 = 52%), which
occurred most frequently in the transposed nonwords
(N = 29) as compared to the substituted nonwords (N
= 18) and the randomised nonwords (N = 14). In 44/
61 cases, YT produced the base word (  /a-ro-
i-N/ → /a-i-ro-N/ iron). In 17/61 cases, she
produced a real word whose constituent kana charac-
ters are similar to the stimuli (e.g.,  /so-ma-
N-ra/ →  /so-ra-ma-me/ broad bean). In
many cases, YT indicated, after producing the lexical-
isation error, that she knew it was wrong but
she seemed unable to inhibit these responses that
she knew to be incorrect. YT also produced phono-
logical (or visual) errors (49/117 = 42%), often with
only one incorrect mora, as in  /ko-N-ra-bu/
→ /o-N-ra-bu/. In some trials, YT used the
same strategies evident in her single kana character
reading for attempting to arrive at the target pronun-
ciation: (i) going serially through the order of the
kana list, and/or (ii) using a lexical relay-word. Unre-
lated responses were rare (7/117 = 6%).

In kanji nonword reading, YT made two types of
lexicalisation error. In one type, she pronounced a
word sharing either the first or the second kanji
character with the stimulus (57/112 = 51%) as in
/deN-zoku/ →  /deN-wa/ telephone. In a second
type, YT produced a word semantically

TABLE 2 
YT’s reading performance for Single kana 

characters and nonwords

% Correct (N)

Single Hiragana characters
Basic set 74  (46)
With diacritical 36  (25)
Complex set 8  (36)
Full set 43  (107)

Single Katakana characters
Basic set 63  (46)
With diacritical 16  (25)
Complex set 6  (36)
Full set 33  (107)

Nonwords
Katakana (2 characters, 2 mora) 42  (48)
Katakana (4 characters, 4 mora) 3  (120)
Kanji (2 characters, 4 mora) 7  (120)

8This is called ‘Gojyu-On-Hyou’ (a Japanese syllabary list),
in which kana characters are arranged in order, and this list is
used for learning kana.
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DEEP-PHONOLOGICAL DYSLEXIA IN JAPANESE 515

associated with a constituent kanji character (27/112
= 24%) as in  →  teacher (the bound mor-
pheme  meaning teach presumably evoked the asso-
ciated word  teacher). Non-lexicalisation errors
included (i) the concatenation of a legal pronuncia-
tion for one character and an illegal pronunciation of
the other character (6/112 = 5%) as in  /keQ-tai/
→ /tei-obi/ (  has two pronunciations /tai/ and /obi/);
(ii) unrelated responses (6/112 = 5%); and (iii) omis-
sions (16/112 = 14%).

Comment

YT’s oral reading of nonwords in both kana and
kanji was grossly impaired, and she made promi-
nent lexicalisation errors. This ‘lexical capture’
(Funnell & Davison, 1989; Patterson, Suzuki, &
Wydell, 1996) occurred somewhat more frequently
in response to kanji than kana nonwords (i.e., 75%
vs. 52%). In contrast, YT produced far more pho-
nological errors in response to kana than kanji
nonwords (42% vs. 5%).

Reading aloud words in kana and kanji

Both katakana and kanji words were manipulated
by concreteness9 and imageability (Wydell, 1991).
Mean familiarity (Amano & Kondo, 1999) was
equated across all stimulus classes. The psycholin-
guistic characteristics of the reading stimuli are
shown in Table 3. Mean imageability of concrete
and abstract words was parallel to high- and low-
imageability words.

Set 1: Concrete and abstract words

Katakana words comprised the 120 words used
in the word repetition task, with 20 words in each
of six conditions formed by crossing two bands
of concreteness (concrete vs. abstract nouns)
with three bands of word length (3, 4, or 5 char-
acters). An advantage for concrete words (con-
crete vs. abstract words: 53/60 = 88% > 44/60 =
73%) was marginally significant (χ2(1) = 3.56,
p = .059). Within abstract words, there was a
reliable effect of word length (3- vs. 5-mora
words: 17/20 = 85% > 11/20 = 55%), (χ2(1) =

4.29, p = .038). A simultaneous multiple logistic
regression analysis with imageability, familiar-
ity, word frequency and word length as 4 predic-
tors revealed a significant imageability effect
(Wald = 4.27, p = .039) and a marginal word-
length effect (Wald = 3.69, p = .055).

Kanji words were 104 single-character words,
comprising 52 concrete and 52 abstract words. YT
showed a marked concreteness effect (concrete
words vs. abstract words: 45/52 = 87% > 25/52 =
48%, χ2(1) = 18.99, p = .00001). A simultaneous
multiple logistic regression analysis was performed
with the same four predictors as in the analysis for
katakana words (note that the single kanji words in
this set have pronunciations with 2, 3 or 4 mora, so
the word length factor here only means spoken –
not written – word length) and revealed significant
effects of imageability (Wald = 7.47, p = .0062) and
familiarity (Wald = 6.48, p = .011).

Set 2: High- and low Imageability words

Katakana words comprised 60 high- and 60 low-
imageability words. Kanji words consisted of 120
single- and 120 two-character words in each of two
imageability bands (high and low). As shown in
Table 3, there was a marked imageability effect on
kanji word reading (high vs. low imageability
words: in single-character kanji words: 41/60 =
68% > 22/60 = 37%, χ2(1) = 9.66, p = .0019; in
2-character kanji words: 43/60 = 72% > 22/60 = 37%,
χ2(1) = 12.12, p = .0005). High imageability pro-
duced a numerical but not statistically reliable
advantage in katakana word reading (40/60 = 67%
> 34/60 = 57%, χ2(1) = 1.27, p = .25).

The nature of YT’s word reading errors

Table 4 presents the analysis of YT’s oral read-
ing errors as a function of script type and charac-
ter-length of kanji words. For katakana words
combined across Sets 1 and 2, the majority of YT’s
errors were phonological (37/69 = 54%), fairly
equally split between responses that were words
(17/69, e.g.,  /do-ra-mu/ drum →  /do-ra-
ma/ drama) or nonwords (20/69, e.g.,  /sa-N-
da-ru/ sandal →  /ha-N-da-ru/). She pro-
duced very few semantically related errors: two
semantic associates (  spare →  key, 
potato →  chip); one response that was
perhaps semantically and visually related to its tar-
get (  cobra →  koala); and three seman-
tically related gestures (e.g., piano → gesture of

9The assignment of concrete and abstract words was based
on the author’s subjective judgment, in which object names
(e.g., desk) were classified as concrete words, and nouns repre-
senting non-visible things (e.g., honesty) or time and space (e.g.,
present, left) were classified as abstract words.
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playing keyboard). These errors occurred only to
concrete/high imageability words. She also pro-
duced some unrelated responses and omissions.

In contrast, YT made a prominent proportion of
semantically related errors (68/146 = 47%) in read-
ing aloud kanji words combined across Sets 1 and
2. These included ‘pure’ semantic errors (29/146
= 20%) as in  /gai-ro/ street →  /nami-ki-
michi/ avenue,  /kai-shi/ beginning →  /sjuQ-
patsu/ starting; visual-and-semantic errors (22/146
= 15%) as in /sou-ko/ storehouse → /sja-
ko/garage;  /ei-zoku/ permanence →  /ei-eN/
eternity;  /hanashi/ talk →  /deN-wa/ telephone;
and some semantically related gestures or onomat-
opoetic responses (17/146 = 12%). Only a few of
YT’s kanji-word reading errors were phonologi-
cally (but not visually or semantically) related
to the target (8/146 = 5%), and almost all of
these responses were words (7/8, e.g., /sei-buN/
ingredient →  /sei-butsu/ living thing). YT
made very few visual errors (3/146 = 2%; e.g., 
/koi/ love →  /mado/ window;  /ke-mushi/ cat-
erpillar →  /mou-fu/ blanket). There were some
unrelated responses (17/146 = 12%), and a substan-
tial number of omissions (39/146 = 27%). YT also
produced a few legitimate alternative pronuncia-
tions in single-character kanji word reading (4/146
= 3%) and a few responses containing the correct
pronunciation for one constituent kanji character
in 2-character kanji word reading (7/146 = 5%;
‘one character correct’ in Table 4).

Comment

YT demonstrated salient concreteness/image-
ability effects on kanji word reading, whereas

these effects were marginal in her katakana
word reading. Her error pattern was notably
different depending on the script type, with
many more semantic errors in kanji word read-
ing and many more phonological errors in kana
word reading.

Reading aloud pseudohomophones

Kana pseudohomophones

The final row of Table 3, labeled ‘Pseudohom-
ophones’, presents YT’s accuracy in reading
aloud hiragana transcriptions of all of the
katakana words and kanji words for which her
reading performance is indicated two rows
above, labelled ‘Words’. These hiragana tran-
scriptions can be treated as pseudohomophones
because, although the stimuli are not presented in
their normal, familiar orthographic form (which
would be either katakana or kanji), their correct
pronunciations correspond to real words. YT’s
reading performance for all kana pseudohomo-
phones (2–5 mora length) averaged 375/584 =
64% correct, demonstrating a considerable
advantage for pseudohomophones over nonhom-
ophonic nonwords (see Table 2). A simultaneous
multiple logistic regression analysis was per-
formed on YT’s success in reading hiragana
pseudohomophones transcribed from katakana
words and kanji words (131/240 = 55% and 244/
344 = 71%, respectively). The three factors were
imageability (Wydell, 1991) of the base words,
mora-length, and orthographic plausibility
(Kondo & Amano, 1999; see footnote 5) of the
hiragana transcriptions; this latter factor refers

TABLE 4 
Proportion of different error types in YT’s word reading

Error type

Katakana 
words 

(N = 69 errors)

Single-character 
kanji words 

(N = 92 errors)

Two-character 
kanji words 

(N = 54 errors)

Semantic (word) 0.03 0.24 0.13
Semantic (gesture, onomatopoeia) 0.04 0.13 0.09
Semantic-Visual 0.01 0.13 0.18
Phonological * 0.54 0.05 0.05
Visual 0.00 0.02 0.00
Legitimate alternative reading … 0.04 0.00
One character correct … … 0.13
Unrelated 0.16 0.12 0.13
Don’t know /No response 0.21 0.26 0.29

Note: * In katakana word reading, phonological errors are also visually similar to the stimuli.
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518 SATO ET AL.

to ratings of the familiarity of seeing a particular
word written in hiragana (mean values are shown
in the penultimate row of Table 3). The analysis
for the items taken from katakana base words
revealed a significant effect of imageability (Wald
= 6.95, p = .0084); for the items taken from kanji
base words, there were significant effects of
imageability (Wald = 12.55, p = .0004) and
orthographic plausibility of hiragana transcrip-
tions (Wald = 17.56, p < .0001).

For Sets 1 and 2 combined, YT showed an advan-
tage for reading katakana words over their hiragana
pseudohomophones (171/240 = 71% > 131/240 =
55%) but an advantage for hiragana pseudohomo-
phones over their original kanji words (244/344 =
71% > 198/344 = 58%). The former effect (i.e., an
orthographic lexicality advantage) was significant
both in the concrete/high-imageability band (93/120
= 78% > 76/120 = 63%, χ2(1) = 5.78, p = .0162) and
in the abstract/low-imageability band (78/120 = 65%
> 55/120 = 46%, χ2(1) = 8.92, p = .0028). The latter
effect (a phonological transparency advantage) was
significant in the abstract/ low-imageability band
only (104/172 = 60% > 69/172 = 40%, χ2(1) = 14.25,
p = .0002).

Kanji pseudohomophones

The test stimuli consisted of 80 two-character
kanji homophonic/non-homophonic nonwords.
Using 40 two-character consistent kanji words10

(20 each of high/low frequency) from Patterson,
Suzuki, Wydell, and Sasanuma (1995), both types
of nonwords were created. For kanji pseudohomo-
phones, the first or second constituent character of
the base words was changed to a different kanji
character that has the same pronunciation and has
no alternative pronunciation (e.g.,  memory
/ki-oku/ →  /ki-oku/). The first and second
consistent kanji characters of the base words were
reversed for making kanji non-homophonic non-
words. YT’s reading performance in both condi-
tions was low: 8/40 = 20% for pseudohomophones
and 3/40 = 8% for non-homophonic nonwords [cf.
the mean scores of normal controls (N = 8, mean
age = 58) were 98 and 95%, respectively]. YT’s
poor performance here is compatible with her results
(see Table 2) of reading aloud 120 two-character

kanji nonwords from Fushimi et al. (1999). YT
showed only a numerical advantage for kanji pseu-
dohomophones over kanji non-homophonic non-
words (χ2 (1) = 2.64, p = .10).

The nature of YT’s pseudohomophone 
reading errors

YT’s errors in reading hiragana pseudohomo-
phones were (i) phonologically/visually similar
responses (91/209 = 44%), which consisted of words
(63/91) and nonwords (28/91); (ii) omissions (72/209
= 34%); (iii) unrelated errors (39/209 = 19%); and (vi)
a few semantic errors (7/209 = 3%) as in  /ne-tsu/
heat →  /a-se/ sweat. Of YT’s errors in reading
kanji pseudohomophones, there were (i) multiple
responses which were related to each constituent
character (5/32 = 16%) as in  /mitsu-yu/ → /mitsu/
and  /yu-kai/; (ii) semantic and/or semantic-visual
errors (6/32 = 19%) as in  (pseudohomophone of

 /eki-iN/ station employee) →  /fumi-kiri/ rail-
road crossing; (iii) visual errors (3/32 = 9%) as in 
(pseudohomophone of /shiN-sa/ examination)
→  /shin-seN/ fresh; (iv) phonological errors (2/32
= 6%) as in  (pseudohomophone of  /mitsu-
rjo/ poaching) → /mitsu-rou/; (v) incomplete
responses (5/32 = 16%), in which the correct pronun-
ciation of a constituent character was produced as in

 /sai-nou/ → /nou/; (vi) unrelated responses (5/32 =
16 %); and omissions (6/32 = 19%).

Comment

YT’s reading performance demonstrated a dra-
matic advantage for kana pseudohomophones rel-
ative to non-homophonic kana nonwords. The
imageability of the base words also influenced
YT’s success in kana pseudohomophone reading.
By contrast, constructing kanji nonwords with a
pronunciation corresponding to real words yielded
only a small and insignificant boost to YT’s severe
impairment of kanji nonword reading. The error
patterns in reading pseudohomophones written in
hiragana or kanji reflected the nature of phono-
graphic kana and morphographic kanji characters.

Although YT demonstrated an orthographic lex-
icality effect on reading aloud kana strings (i.e.,
katakana words > hiragana transcriptions), the
pattern was very different for kanji base words: a
non-significant difference between the orthographi-
cally familiar kanji forms and their hiragana tran-
scriptions for concrete words; and a clear
advantage for the hiragana transcriptions over the
kanji words for abstract/low imageability items.

10Each constituent character of 2-character consistent kanji
words has only one possible pronunciation. YT’s reading accu-
racy for these high/low frequency kanji words was 15/20 = 75%
and 10/20 = 50%, respectively.
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DEEP-PHONOLOGICAL DYSLEXIA IN JAPANESE 519

Word reading and picture naming using 
an incremental cueing procedure

This experiment was designed to examine the inter-
action between phonology, orthography and seman-
tics in YT’s language system, by determining
whether word reading and picture naming would be
facilitated by phonological cues, and in particular
whether cueing would block semantic errors in these
tasks. The stimulus words, all corresponding to pic-
turable nouns, comprised 120 two-character kanji
words with 30 words in each of four conditions
formed by crossing two bands of familiarity
(Amano & Kondo, 1999) with two bands of spoken
word length (3 or 4 mora). The mean familiarity
(range) was 6.1 (5.8–6.6) for high-familiarity words
and 5.4 (4.5–5.7) for less familiar words. YT was
asked to name the pictures and read aloud the words
for these 120 items in an ABBA design. She was
given up to15 s for the first response to each item. If
she failed to produce the correct response, the initial
mora was provided as a cue. If this single-mora cue
failed to elicit the correct response, she was given the
first + second morae (i.e., this was an incremental
cueing technique). For 3-mora items, cueing stopped
after this point; for 4-mora items, the cueing was fur-
ther extended to incorporate the third mora if the
2-mora cue was insufficient. In all cases, therefore,
cueing was stopped at target word minus 1 mora.

Considering first YT’s uncued performance: as
shown in Figure 2, familiarity had a significant
impact on her kanji word reading (χ2(1) = 11.11,

p = .0009), but word length (i.e., number of morae) did
not have a reliable effect (χ2(1) = 1.23, p = .26). YT’s
success in picture naming was modulated by both
word length (χ2(1) = 9.70, p = .0018) and famili-
arity (χ2(1) = 4.06, p = .0439). YT’s uncued pro-
duction accuracy was a little higher in word reading
(70/120 = 58%) than in picture naming (55/120 =
46%), (McNemar test: χ2(1) = 4.56, p < .05).

Next we consider the impact of cueing on read-
ing and picture naming, both generally – i.e., for all
initially incorrect responses – and specifically for
cases where YT’s initial response was a semantic
error. Out of YT’s total incorrect first responses in
word reading (N = 50), she produced 27/50 = 54% of
words correctly after the first mora cue and 46/50 =
92% correctly after incremental cueing. The corre-
sponding figures for picture naming (N = 65 initially
incorrect responses) were 30/65 = 46% correct with a
single mora and 59/65 = 91% after incremental pho-
nological cueing. For initial responses classified as
pure semantic errors, the impact of cueing was as fol-
lows: in reading, 8/10 = 80% correct after the first
mora cue and 10/10 = 100% after incremental cues; in
naming, 20/37 = 54% after one cue and 35/37 = 95%
correct at the end of cueing.

Comment

YT’s marked benefit from phonological cueing in
both word reading and picture naming reflects the
interaction between phonology and orthography/
semantics. As previously demonstrated by Katz

Figure 2. YT’s performance in oral reading and picture naming.
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520 SATO ET AL.

and Lanzoni (1997) in an English-speaking deep
dyslexic patient, additional phonological informa-
tion essentially eliminated YT’s semantic errors in
these tasks. This suggests that there was very little
amiss in YT’s orthographic and semantic process-
ing. Rather, her phonological system was so
impaired that neither orthographic nor semantic
(picture) input on its own could produce a normal
degree of phonological activation for the correct
target word. This circumstance allowed semanti-
cally related responses to emerge in both tasks.
When the insufficient phonological activation
produced by a kanji word or a picture was given
the opportunity to combine with phonological
information provided by cues, YT almost invariably
produced the correct response.

GENERAL DISCUSSION

Our experimental investigations of YT have pro-
vided a picture of an aphasic patient with good
comprehension of both spoken and written words
in kana and kanji; poor receptive and expressive
phonological skills in all tasks, especially for non-
words and even for real words if the task required
phonological working memory; deep dyslexia in
kanji; and phonological dyslexia in kana. It is time
to relate these results to the questions motivating
this paper. We should note before we embark on
this discussion that general questions of this kind
can never be definitively answered via single-case
studies: even if the results from a particular case
strongly support one set of conclusions, a new
patient may turn up tomorrow whose data appar-
ently tell a different story. For this reason, secure
conclusions must ultimately be based on an accu-
mulation of results from a series of neuropsycho-
logical case studies or, even more ideally, from
studies based on case series.

The first issue concerns the nature of deep and
phonological dyslexia. Are they distinct disorders
(e.g., Coltheart, Rastle, Perry, Langdon, & Ziegler,
2001), or do they just occupy different positions on
a continuum (e.g., Crisp & Lambon Ralph, 2006)?
Are these disorders specific to reading, or are their
features mirrored by the patients’ performance in
tasks that do not involve orthography? Can all of
the symptoms in either or both conditions be
explained by a single deficit (Patterson & Lambon
Ralph, 1999), or are multiple impairments involved
(e.g., Friedman, 1996; Glosser & Friedman, 1990;
Klein, Behrmann, & Doctor, 1994)? The other

main issue – which may seem separate but in this
case is not, because YT’s language is Japanese – is
whether reading mechanisms for kana and kanji are
substantially the same or fundamentally different.

As summarised in the Introduction, the major
features of deep dyslexia are a virtually complete
failure to read aloud nonwords, a major impact of
imageability on success in word reading, and a
well-above-chance rate of semantic errors in single-
word reading. YT’s reading of kanji fits this
description precisely. Phonological dyslexia is also
characterised by (a) very poor (though not necessarily
abolished) nonword reading, sometimes with a sig-
nificant advantage for pseudohomophones; (b) by
an advantage for words high in imageability
(though again this may not be as striking as in deep
dyslexia); but (c) not by any notable number of
semantic errors in single-word reading. YT’s read-
ing of kana fits this description precisely. It should
be noted that pseudohomophone reading has
rarely been tested in deep dyslexia, but at least two
such patients have shown an increase from the
floor levels of reading ‘ordinary’ nonwords when asked
to read pseudohomophones (Buchanan, Kiss, &
Burgess, 2000; Buchanan, McEwen, Westbury, &
Libben, 2003).

Does YT have two different acquired reading
disorders? A more likely interpretation is that she
has a single disorder with largely similar but also
somewhat different manifestations that result from
the nature of the two forms of Japanese writing.
The most important difference between kana and
kanji is that kana characters translate to phonol-
ogy in a perfectly consistent and predictable fash-
ion. It should also be noted that, although there
are inevitably some variations in frequency of
occurrence within kana characters (for example,
the basic set vs. the complex set), all kana charac-
ters, which are taught as part of the curriculum in
the first year of primary school, are highly familiar
to any Japanese reader. Kanji characters, which
are acquired over a long period of time through
formal education and self-study, have a much less
predictable relationship to phonology and a much
greater range of familiarity. There are some kanji
characters with only a single pronunciation, but
these tend to be low-familiarity characters (Fushimi
et al., 1999); most of the commonly used kanji
characters do not specify a single pronunciation.
Furthermore, kanji characters offer information
about word meaning in a way that kana characters
do not. The implication of these differences is that,
for a normal Japanese reader, encountering a word
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DEEP-PHONOLOGICAL DYSLEXIA IN JAPANESE 521

written in kana will evoke a rapid, strong, single
phonological representation, with less strong
semantic activation directly from the orthography.
By contrast, a word written in kanji will produce
some direct phonological activation; but this will
be less consistent and thus less rapid/strong than in
kana; and relative to kana, kanji will also yield
more direct semantic information.

Now let us take this picture to a patient like YT
with a significantly impaired phonological system.
We have not done exhaustive investigation of the
nature of her phonological deficit; but it seems
clear that her brain injury had resulted in a sub-
stantially impaired capacity to achieve and/or
maintain the phonological representations neces-
sary to support normal speech production. This
problem was exaggerated if the material to be pro-
duced (1) lacked familiarity and meaning (words
>> nonwords even in tasks requiring only produc-
tion of a single item, such as single-item repetition
or concatenation of individual morae into a single
utterance); (2) was long (repetition of single words
vs. 2-word sequences vs. 3-word sequences = 98%
vs. 63% vs. 15%; repetition of 2-mora nonwords vs.
4-mora nonwords = 79% vs. 65%); and/or (3)
required phonological working memory (as in
tasks like delayed or multi-word repetition and
phonological segmentation or concatenation). This
all suggests an under-activated, fragile phonologi-
cal system that could only achieve something
approaching normal performance under the easi-
est, most optimal phonological conditions.

How did YT’s fragile phonological system
behave in reading? Kana characters still evoked
some phonological activation, presumably due to
their strong pre-morbidly learned relationship to
pronunciation. YT was able to pronounce 63% of
the basic set of katakana characters and 42% of
2-character katakana nonwords; and other fea-
tures of her reading performance suggest that, even
when the phonological activation produced
directly by kana orthography was not strong
enough to surpass the threshold for speech produc-
tion, it was present and could be boosted by other
sources of information. Furthermore, in kana
word reading, her errors were typically related to
the target words in sound and almost never in mean-
ing. Thus, phonological activation from kana word
stimuli, even if not sufficiently strong to guarantee
a correct pronunciation, was strong enough to
prevent semantic errors. Richer semantic represen-
tations, as in concrete vs. abstract or high- vs. low-
imageability words, had only a mildly beneficial

effect on YT’s reading of katakana words (a 10–
15% boost), suggesting that direct activation of
semantics by kana orthography was present but
rather limited. By contrast, in one of the most
dramatic results of this study, the richer semantic
representations of high-imageability or concrete
words produced at least as much if not more
benefit – about a 15–30% boost (bottom row of
Table 3) – on YT’s reading of hiragana pseudohom-
ophones. These stimuli are unlikely to produce
direct activation of semantics by orthography,
since they are not orthographically familiar. The
probable source of the benefit is that the written
string yields phonological activation that is sub-
threshold for speech production but sufficient to
interact with and be boosted by semantic representa-
tions. As argued by Patterson et al. (1996), it is almost
certainly the processing sequence orthography→
phonology → semantics→ phonology that under-
lies YT’s advantage for hiragana pseudohomo-
phones of concrete/ high imageable katakana or
kanji base words.

Relative to kana, kanji evoked a smaller degree
of direct phonological activation. There is nothing
in kanji comparable to a single kana character
because single kanji characters are morphemes,
which consist of words or parts of words. When
the meaning of these characters was not very rich,
as in abstract or low imageability single-kanji char-
acter words (ranging from 2–4 mora), YT’s reading
was poor (37–48% correct), whereas her reading of
the 3–4 mora katakana words with abstract mean-
ings in Set 1 was 80–85% correct. A statistical com-
parison of these performances would not make
sense because neither the stimuli nor responses are
matched, but the discrepancy in success is clear.
YT’s poor reading success in kanji pseudohomo-
phones (compared to kana pseudohomophones)
can also be attributed to significantly less direct
phonological activation, preventing any real bene-
fit from the interaction between phonology and
semantics. On the other hand, relative to kana,
kanji evoked a larger degree of direct semantic
activation. The 10–15% benefit from concrete/high
imageability status in katakana word reading
turned into a 31–39% boost in kanji word reading.
Even this boost, however, was not sufficient to
counteract YT’s impoverished phonological acti-
vation from kanji, with the result that she made a
significant number of semantic errors in oral
reading of high-imageability kanji words. With
additional phonological information from cueing,
semantic errors were essentially abolished.
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522 SATO ET AL.

It is of course possible to interpret these patterns
as reflecting qualitatively different mechanisms for
reading kana and kanji, but we see nothing that
demands such an account and would opt instead
for a quantitative difference. That is, kana is more
efficient at activating phonology; kanji is more effi-
cient at activating semantics; but both processes
occur in both orthographies (Sato, 2007). When
the phonological system is damaged, these differ-
ent degrees of efficiency naturally and perhaps
even necessarily give rise to a pattern of phonologi-
cal dyslexia in kana and deep dyslexia in kanji, on
a continuum. In other words, we predict that
identical patterns of performance and error types
for kanji and kana will never be observed.

Note that this analysis is highly compatible with
the summation hypothesis of Hillis and Caramazza
(1991, 1995), in which phonology arising from a
semantic source and from a non-semantic source
(orthography or external phonology as in cueing)
can interact and sum to produce more substantial/
more accurate phonological activation than either
source on its own. What the study of YT adds to
this account is evidence from a single task – i.e.,
reading – in which the patient’s language incorpo-
rates two forms of orthography with different
inherent connection strengths to semantics and
phonology.

From a cross-linguistic point of view, it is worth
noting that the paucity of semantic errors in YT’s
kana reading echoes the rarity of such errors in
patients who read other relatively transparent
alphabetic writing systems such as Spanish (e.g.,
Ardila, 1991; Ferreres & Miravalles, 1995) and
Italian (Miceli, Capasso, & Caramazza, 1994). It is
even more reminiscent of the differential error pat-
terns observed in a few bilingual patients who used
two orthographies differing in print-sound consist-
ency. An English-speaking and -reading deep dys-
lexic patient who could also read Nepalese (which
uses a syllabic script) produced only one semantic
error in reading aloud 50 Nepalese words (Byng,
Coltheart, Masterson, Prior, & Riddoch, 1984).
An Arabic/French bilingual patient showed deep
dyslexia in both languages, but the rate of semantic
errors was lower in the transparent Arabic orthog-
raphy than in French orthography with its less
consistent relationship to phonology (Béland &
Mimouni, 2001). Both YT and these previous case
studies suggest an inherent relationship between
the phonological transparency of orthography and
the rate of semantic errors in patients with reading
disorders on the phonological-deep continuum.

Finally, we think that YT’s results favour the
view that deep and phonological dyslexia are not
isolated reading disorders but rather reflect, in the
reading domain, the presence and severity of a
general phonological deficit. The characteristics
of YT’s phonological/deep dyslexia, such as the
impact of familiarity (words vs. nonwords), mean-
ingfulness (high- vs. low-imageability words) and
phonological length, all find equivalents in her
performance in non-reading speech-production
tasks. This is perhaps the most difficult issue to
address from the perspective of a single case
study, and we acknowledge (a) that there are sev-
eral case reports in the literature of patients with
impaired nonword reading but preserved phonolog-
ical performance in non-reading tasks (Bisiacchi,
Cipolotti, & Denes, 1989; Caccappolo-van Vliet,
Miozzo, & Stern, 2004a,b; Derouesné & Beau-
vois, 1985); and (b) that many neuropsychological
researchers still assume that dissociations are
important and associations are not. We think,
and hope, that the strength of this assumption is
gradually diminishing as larger case series are
being assessed (see for example Woollams,
Lambon Ralph, Plaut, & Patterson, 2007, on the
prominent association between surface dyslexia
and semantic impairment). We also hope that
researchers are starting to pay more attention to
degrees of deficit rather than black-and-white
categorisations. In this context, we note that a
recently reported phonological dyslexic patient
with good non-reading phonological skills, JH,
correctly read aloud 70% of a set of 132 non-
words, and even achieved 58% correct on a set of
43 long and complex nonwords (Tree & Kay,
2006). We do not claim that this is normal per-
formance; but JH had a very mild phonological
dyslexia relative to a case like YT. We predict
that, as cases accumulate in the literature (Crisp &
Lambon Ralph, 2006), the severity of a patient’s
phonological dyslexia will – despite some inevita-
ble individual differences – be largely predictable
from the extent of his or her general phonological
deficit.

Original manuscript received 14 May 2007
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