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Abstract
We report a 60-year-old right-handed Japanese man
who showed an isolated persistent typing impairment
without aphasia, agraphia, apraxia or any other neuro-
psychological deficit. We coined the term ‘dystypia’
for this peculiar neuropsychological manifestation. The
symptom was caused by an infarction in the left frontal
lobe involving the foot of the second frontal convolution
and the frontal operculum. The patient’s typing impair-
ment was not attributable to a disturbance of the linguis-
tic process, since he had no aphasia or agraphia. The
impairment was not attributable to the impairment of the
motor execution process either, since he had no apraxia.
Thus, his typing impairment was deduced to be based on
a disturbance of the intermediate process where the lin-
guistic phonological information is converted into the
corresponding performance. We hypothesized that there
is a specific process for typing which branches from the
motor programming process presented in neurolinguis-
tic models. The foot of the left second frontal convolution
and the operculum may play an important role in the
manifestation of ‘dystypia’.

Copyright © 2002 S. Karger AG, Basel

Introduction

Following the popularization of the word processor or
personal computer, typing on a keyboard has become
common for many people. According to the neuropsycho-
logical model of writing, there are three general processes
for writing: the linguistic process, the transition process
(graphemic buffer) and the motor execution process [1].
For typing, an additional specific process branching from
the writing motor programming process is supposed to be
necessary. It is empirically well established that patients
with aphasia, agraphia or apraxia show impairment in
typing probably because the linguistic or motor execution
process is damaged. However, it still remains uncertain
whether typing impairment can manifest itself alone with-
out aphasia, agraphia or apraxia, following a focal lesion
where the specific typing motor processes are initiated.
Boyle and Canter [2] reported a patient who exhibited
typing impairment. The patient, however, had multiple
lesions and showed mild paraphasia in speech. We here
report a patient who developed an isolated typing impair-
ment, not accompanied by aphasia, agraphia, apraxia or
any other neuropsychological deficit, following an infarc-
tion restricted to the left frontal convexity.
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Case Report

A 60-year-old, right-handed, university-educated business execu-
tive exhibited taciturnity at midnight of October 28, 1998, and was
admitted to our hospital the next morning. The patient had been in
good health until the admission, although he had hypertension,
which had been well controlled during the last few years. On admis-
sion, neurological examinations revealed an alert and well-oriented
man without abnormalities in the cranial nerves, motor system, sen-
sory system and coordination.

Neuroradiological Examination
Computed tomography, performed on the day of admission, and

magnetic resonance imaging (MRI), performed 35 days after onset,
demonstrated an infarction in the left frontal lobe, which involved
the foot of the second frontal convolution and frontal operculum
expanding anteriorly to the margin of the ascending branch of the
lateral sulcus and posteriorly to the foot of the precentral gyrus
(fig. 1). Single photon emission computed tomography using 99mTc-
hexamethylpropylene amine oxime 2 days after onset displayed flow
reduction in the areas of infarction, indicating that there was no other
lesion than the one revealed by MRI.

Neuropsychological Assessments
On the day of admission, the patient spoke sparsely, but his

speech was well articulated without dysarthria or anarthria. He had
difficulty in naming objects, failing in 2 of 5 instances, but this was
not accompanied by paraphasia. He also showed difficulty in writing
kana (syllabogram) but not in writing kanji (morphogram). His nam-
ing ability recovered completely over the following 2 days, and his
writing difficulty improved over the following 10 days. The results of
the assessments are summarized in table 1. The results of the Token
Test and the Western Aphasia Battery [3] (Japanese version [4])
showed no aphasia or agraphia. Results of the revised Wechsler
Adult Intelligence Scale and Raven Colored Progressive Matrices
were within the normal range indicating that he had no impairment
in general intelligence. The patient showed no memory impairment
in his daily hospital life. Results of the revised Wechsler Memory
Scale and Benton’s Visual Retention Test were also within the nor-
mal range. He was, however, able to recall only 5 auditory number
digits on the Digit Forward Task performed 20 days after onset. The
re-examination 41 days after onset disclosed no improvements, indi-
cating that the patient had a mild but persistent impairment in short-
term memory (STM). His spatial STM was intact because his visual
spatial memory span was 7 points 20 days after onset.

The patient had no abnormality in praxis, showing an excellent
capability in imitating, pantomiming and using tools with either
hand. He was able to point to objects accurately and rapidly with
either hand following verbal commands, indicating no slowness in
reaction. He could perform a fist-palm-alternating task swiftly. He
showed no interhemispheric motor disconnection symptoms such as
left-sided apraxia, alien hand sign or intermanual conflict. He
showed no orofacial apraxia, visuospatial disturbance, unilateral spa-
tial neglect or visual agnosia.

Thus, he had no aphasia, agraphia, agnosia, apraxia, general intel-
ligence deterioration or memory impairment, except for mild audito-
ry STM impairment.

Prior to the stroke, the patient was skilled at typing and preferred
it to writing by hand in business and private communications. He did
not adopt the blind-touch typing technique. Yet, the speed of his typ-

Fig. 1. Fluid-attenuated inversion recovery images of the brain MRI
of the patient. Top: axial images. Bottom: sagittal image on the left,
coronal image on the right. c.s. = Central sulcus; a.b. = ascending
branch of the lateral sulcus.

ing was twice as fast as that of writing by hand, and accuracy was high
as asserted by his family. He had been able to type about 800 Japa-
nese characters (in kana and kanji mixed sentences) within 5 min.
The next day after admission, the patient realized that he was having
difficulty in typing, when he began to use his personal computer,
although he had no difficulty in operating the keyboard. When the
patient attempted to improve his accuracy, his typing speed became
extraordinarily slow.

Here, we should briefly explain the Japanese writing system and
typing methods.

There are two writing systems in the Japanese language: kanji
(morphogram) and kana (syllabogram). The minimum unit of Japa-
nese oral sounds is called mora, and there are 46 kana characters
which represent all the mora. First, we should point out that Japanese
kana writing does not demand the knowledge of so-called spelling
because it is accomplished by just writing kana representing exactly
the mora with just a few exceptions. Thus, there is no possibility to
show any spelling impairment in kana writing if one could write kana
characters letter by letter according to the mora, as reported in west-
ern patients.

The most popular way of typing Japanese is called ‘alphabetical
input’, which was used by the patient. In this method, a western-style
keyboard is used, and the kana character ‘ka’ is produced by typing
‘k’ followed by ‘a’. The monitor then shows the kana. If Japanese is
then expressed in the alphabet, 39 of 46 kana are described as pairs of
two alphabetical letters, one a consonant and the other a vowel. Six
other kana characters are described as single vowels, and the remain-
ing kana character is described as a single consonant. To enter kanji
characters, the same procedure is followed by an additional key-push
to turn kana words into kanji. To type the kanji character read ‘yama’
(meaning mountain), ‘y’, ‘a’, ‘m’, ‘a’ are typed in order. There are also
many homonyms in kanji, which are displayed for the typist to select.
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Table 1. Results of neuropsychological assessments

a Tests

Token Test [1 d.a.o.] 96%

Spontaneous speech
Information content (10) 9
Fluency (10) 9

Comprehension: auditory word recognition (60) 60
Repetition (100) 100
Naming: object naming (60) 60
Reading (10) 10
Writing (10) 9.7
Praxis (60) 60
Drawing (30) 30
Block design (9) 9
Calculation (24) 24
Raven’s score (37) 31

WAIS-R [18 d.a.o.]: PIQ 113
WMS-R [16 d.a.o.]

Verbal memory IS 95
Visual memory IS 106
General memory IS 98
Attention/concentration IS 85
Delayed recall IS 95

Benton’s visual retention test [16 d.a.o.] (10) 7
Auditory digit span (forward)

20 d.a.o. 5
41 d.a.o. 5

Visual memory span (forward)
20 d.a.o. 7
41 d.a.o. 7

b Assessment of writing and typing [37 d.a.o.]

Typing

m.f.s. m.l.m.

Writing

m.f.s. m.l.m.

705 551
Total errors (of 358 kana), n 34 16
Time required, s 310 395 204 347
Errors (of 179 kana), n 22 12 11 5
Types of errors, n

Phonological 19 10 7 2
Spatial 1 1 – –
Others 2 1 4 3

d.a.o. = Days after onset (administration day); WAB = Western
Aphasia Battery; WAIS-R = revised Wechsler Adult Intelligence
Scale; PIQ = Performance Intelligence Quotient; WMS-R = revised
Wechsler Memory Scale; IS = index score; m.f.s. = meaningful sen-
tences (words); m.l.m. = meaningless mora sounds (nonwords). Fig-
ures in parentheses indicate optimal scores.

We statistically compared the number of errors in typing and
writing, using a two-by-two contingency table (testing the null
hypothesis). It revealed that the number of typing errors was signifi-
cantly high (¯2 = 6.966 1 ̄ 2(0.05) = 3.841). Comparison of the perfor-
mance between the words and the non-words revealed no significant
difference [in typing, ¯2 = 3.250 1 ¯2(0.05) = 3.841; in writing ¯2 =
2.355 1 ̄ 2(0.05) = 3.841].

If the typist has an impairment in typing kana, an impairment in
kanji is inevitable, since kanji typing can only be produced on the
basis of correct kana typing.

Assessment of Typing and Writing
To assess the patient’s ability of typing and writing, we dictated

sentences, adapted from folk story (words) and meaningless mora
sounds (nonwords), both of which consisted of 179 kana characters.
The patient was required to accomplish two tasks: typing and writing
the same materials (179 ! 2 = 358 kana). The order of the dictation
of the sentences and the meaningless mora sounds as well as the order
of typing and handwriting were counterbalanced (ABBA for exam-
ple). We masked the monitor of the personal computer and in-
structed the patient not to be worried about the errors and continue
typing until the end, in order to estimate his typing ability accurately.
The times required for typing and writing as well as the number of
errors and error patterns were analyzed.

The patient exhibited skillful and rapid digital movements in typ-
ing, although his speed slowed occasionally. He typed using the fin-

gers of both hands equally as we did not indicate which hand to use to
assess his natural and spontaneous typing ability. His writing perfor-
mance appeared normal. The total time required for typing was
705 s, whereas that for handwriting was 551 s. The numbers of errors
were 34 in typing and 16 in writing, which was statistically significant
(table 1), and his typing speed was revealed to be much slower than
that of his premorbid performance (800 characters typed within
5 min). It is uncertain whether his writing speed had become slower
or the accuracy lower, because there was no evidence of his premor-
bid writing ability; however, the patient felt no difference between
his writing abilities before and after the stroke. He was able to pro-
duce the sentences (words) faster than the meaningless mora sounds
(nonwords) in both typing and writing. Error numbers, however,
were higher in the sentences than the meaningless mora sounds.
There was no statistically significant difference in performance
between the words and the nonwords both in typing and writing. It
might indicate that the patient had a tendency to perform faster, but
more carelessly, when producing the sentences in both typing and
writing. We classified the errors into three main categories: spatial
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error, phonological error and others. On the keyboard, each key has
3–6 neighbor keys, and spatial error is caused by pushing the wrong
key adjacent to the target key, such as ‘s’ instead of ‘a’. Phonological
errors include the mistyping of both consonants and vowels, conso-
nants alone and vowels alone, which cannot be attributed to the spa-
tial errors in typing. In writing, phonological errors infer writing a
different kana from the target one. Others include all errors, which
cannot be classified into the former two types, such as preservation
and omission. The analysis of error patterns indicated that the major-
ity of errors were phonological, representing paragraphia in particu-
lar in typing. The patient did not commit junction order errors in
kana characters consisting of a pair of consonant and vowel, such as
mistyping vowel-consonant, consonant-consonant or vowel-vowel
instead of consonant-vowel; he always followed the junction order
rule. Such a correct conjunction order and few spatial errors suggest
that his phonological regulation ability in the linguistic process and
the motor execution control ability according to the linguistic order
were both maintained intact. He did not have any special rehabilita-
tion and returned to his work 1 month after the onset. From the
beginning of his return, he felt no deterioration in his business ability
including writing; however, he felt a decline of his typing ability. The
same dictation examinations of typing and writing performed 6
months after onset revealed no improvement of error percentages,
required time and error patterns. The patient still complained of typ-
ing difficulty 1 year after onset.

Discussion

The patient exhibited an isolated persistent typing
impairment without aphasia, agraphia, apraxia, visuospa-
tial impairment, memory disturbance or general intelli-
gence deterioration. It is not always useful to compare the
error percentage in typing with writing, or the time
required for dictation, since the premorbid ability of typ-
ing and writing varies largely in individuals. Our patient,
however, had an excellent typing ability (typing 800 char-
acters within 5 min), which had been much faster than
handwriting prior to stroke. Taking 705 s to type 358 kana
characters was regarded as a typing impairment in this
patient. It seems extraordinarily slow if one typed 358
kana in 705 s for business use.

The patient showed transient kana writing impairment
for the first 10 days after onset. Pure agraphia [1] is
reported to be caused by left frontal lesions [5–15]. Most
Japanese patients with pure agraphia due to a frontal
lesion were reported to have kana-dominant or kana-spe-
cific writing impairment [8–10, 13,14]. They most com-
monly make kana errors such as paragraphia and rarely
show ill-shaped kana characters. These findings are in
accordance with those of our patient in the early days.
Regarding the relationship between agraphia and typing
impairment, however, there have been no descriptions
about typing ability in all these reports of agraphic

patients. Agraphia may cause typing impairment; how-
ever, our patient showed persistent typing impairment
after the recovery from transient writing impairment (just
for 10 days), and typing impairment was much severer
than that of writing impairment from the beginning of the
stroke onset. Thus, we deduced that the typing impair-
ment of our patient could not be attributable to agraphia
and that it is a specific impairment. Our patient also
showed mild auditory STM disturbance. Although we
cannot deny the relevance of mild auditory STM distur-
bance to typing impairment because typing performance
may require STM ability, not all patients with mild STM
disturbance show typing impairment. Thus, we deduced
that mild STM impairment could not necessarily play a
main role in the typing impairment of our patient.

Although some models of writing and spelling have
been presented in the neurolinguistic literature [1], we
cannot indicate the level of impairment of our patient in
the presented model of writing and spelling [1]. The typ-
ing difficulty in our patient was not based on an impair-
ment of the linguistic process, since he had no aphasia or
agraphia. And the spelling impairment cannot be due to
Japanese writing characteristics. The fact that the patient
showed few spatial errors such as mistyping neighboring
keys and that he showed no impairment of praxis and
excellent digital movements indicated that his typing
impairment was not simply attributable to a general prax-
is disorder. Being able to keep the correct regulation of the
phonological order suggests that his motor execution
could follow the linguistic regulation, and it also indicates
that his motor execution ability was intact.

We hypothesize that there is a process where the lin-
guistic phonological information is converted into the
corresponding performance, including motor program-
ming and conditioning, to realize a specific motor execu-
tion such as typing while retaining the linguistic informa-
tion. Therefore, we speculated that typing impairment
could be specifically manifested alone due to an impair-
ment of this intermediate process between the linguistic
process and the acquired typing execution process. We
deduce that there is a specific process for typing, which
branches from the motor programming process, before
proceeding to the writing process according to the neuro-
linguistic model of Roeltgen [1].

We consider that the foot of the left second frontal con-
volution and the operculum may play an important role
in transforming phonological information into different
modalities to achieve performance and that its damage
may cause a specific impairment such as typing distur-
bance. The frontal lesions causing agraphia [5, 9, 11, 13–
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15] were reported to be in the foot of the second convolu-
tion or the precentral gyrus, which is similar to that of our
patient. The specificity of our patient’s lesion was that it
was located in the lower second frontal convolution and
that it reached to the bottom of the operculum.
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