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Abstract

Reading and spelling performance was analysed for a sample of 45 children with unilateral brain damage. Boys showed
impairments only when the lesion was on the left, while girls showed no significant impairments when either hemisphere was
affected. The results support the hypothesis that specialised substrates, which underlie literacy acquisition, have limited plasticity
and may be more strongly lateralised to the left hemisphere in males than in females. © 2001 Elsevier Science Ltd. All rights
reserved.
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2. Methods

Data on reading and spelling were available on 53
children, 32 with left-hemisphere lesions (18 male, 14
female) and 21 with right-hemisphere lesions (13 male,
8 female). The patients, who were selected according to
criteria described previously [10,11], all had a measur-
able degree of hemiparesis, and the side of lesion was
verified by CT scans. In 38 cases, the unilateral weak-
ness became manifest during the first 6–9 months of
life in the absence of an acute episode, and so the
pathology was assumed to have occurred prenatally; in
the remaining 15 cases the hemiplegia occurred after a
well-defined neurological episode (e.g. cerebro-vascular
accident, arteriovenous malformation and haemor-
rhage, low grade tumour, or trauma), with age at
post-natal injury ranging from 2 months to 13.8 years.
None of the patients suffered from an uncontrolled
seizure disorder at the time they were investigated.
About half the sample was French speaking, half En-
glish speaking. The age at testing ranged from 6 to 19

1. Introduction

Using existing data from a large scale neuropsycho-
logical study which was carried out during the 1980s in
a children’s hospital in Montreal [10,11], we tested the
hypothesis that early brain damage in the left hemi-
sphere may be more detrimental than right-hemisphere
damage to the acquisition of alphabetic literacy. We
expected this to be true for both sexes. However, there
are some findings that are consistent with the hypothe-
sis of stronger lateralisation of phonology in males than
in females [2,5,6,8]. To the extent that early phonologi-
cal skills predict later reading success [1,4,7,9,12], a
consequence would be a disruption of the smooth ac-
quisition of literacy specifically in boys.
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years. Mean age at testing and mean Wechsler IQs are
shown in Table 1. There was no significant difference
between any of the four groups in terms of IQ or age.
A normal control group of 16 children, 8 girls and 8
boys were matched as far as possible to the patients for
age, ability, and language background (half English,
half French).

The Durrell reading and spelling tests [3] were used
in English and in French, after translation. The reading
test involves reading aloud short passages of text,
graded in difficulty. The assessment of reading retarda-
tion was based on the grade level achieved on the test
compared to the grade the child should have achieved
for his or her age. Thus, children were categorised as
scoring either at least 1 year below grade level or at
grade level and above. Given the wide individual varia-
tion in the children’s age and ability and in elapsed time
between injury and testing, this relatively coarse classifi-
cation seemed the most appropriate as it avoids spuri-
ous precision.

The spelling test involved dictation of 20 common
words, some with regular (back, spend), but most with
irregular spelling (e.g. money, necessary), and 15 rare
and unfamiliar words with regular spelling (e.g. carpo-
lite, intervent). Regularity and irregularity of spelling
was similar in both French and English versions of the
test. Spelling of the unfamiliar words was scored in

terms of phonetic accuracy, i.e., responses had to show
acceptable phoneme-to-grapheme correspondences.
Spelling of the familiar words had to be orthographi-
cally correct. Misspellings were due to lack of
phoneme–grapheme rules in the case of the unfamiliar
words, and due also to lack of word specific knowledge
in the case of familiar words. Children below the age of
eight and children with VIQ scores below 80 were given
a shorter list of easier words to spell, but the list of
unfamiliar words was the same. Thus, percentages
rather than raw scores were used.

3. Results

Preliminary ANOVAs showed no significant effect
(P�0.05) of language used (French vs English), nor of
timing of brain damage (pre or postnatally). Data were
therefore collapsed across these variables. Reading and
spelling results are shown in Table 2.

Spelling achievement in the patient groups was
analysed by ANOVA separately for the familiar and
unfamiliar words with the factors gender and side of
lesion. There was no main effect of gender or side of
lesion in either case, but there was a significant gender
by side of lesion interaction (F=9.63; df=1, 38;
P�0.01, for familiar words, and F=4.97; df=1, 38;
P�0.05, for unfamiliar words). Left-sided damage

Table 1
Ages and Wechsler IQ scores for the groups in the present comparison: mean (S.D.)

Lesion side NGender Age (year) VIQ PIQ FIQ

Patients
Female Left 14 11 (3) 93 (15) 92 (17) 94 (13)

Right 8 11 (3) 95 (16) 94 (15)94 (14)
LeftMale 96 (15)95 (17)97 (16)10 (3)18
Right 13 11 (3) 100 (19) 101 (13) 101 (15)

Controls
None 8Female 10 (2) 96 (11) 102 (7) 99 (9)
None 8 11 (3)Male 105 (13) 105 (11) 106 (12)

Table 2
Reading and spelling performance in children with unilateral lesions and age and IQ matched comparison groupsa

N % Subjects reading at grade Unfamiliar words spelled correctlyNGender Lesion side Familiar words spelled correctly
level

Patients
37 (27)9 70 (32)78 13LeftFemale

75 8 54 (29) 27 (18)Right 8
19Left 44 (32) 25 (25)15 47Male

Right 71 (16)138513 51 (25)

Controls
Female None 8 88 8 75 (19) 58 (23)

60 (30)64 (29)8758NoneMale

a Reading data presented in terms of percentage of subjects; spelling data presented for familiar (max=20) and unfamiliar words (max=15)
in terms of mean percentage words spelled correctly.
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Fig. 1. Effect of lesion site on spelling performance in males and females.

produced a greater impairment in boys than in girls,
and right-sided damage produced a greater impair-
ment in girls than in boys. Fig. 1 illustrates this inter-
action.

For comparison with the control groups four t-
tests were carried out on the spelling scores, com-
bined for the two types of words. These indicated
that boys with left-sided lesions performed signifi-
cantly less well than the boys in the control group
(t=2.52, df=22, P�0.02), whereas the boys with
right-hemisphere lesions performed very similarly to
the controls (t=0.47, df=19, ns). The girls with left-
sided lesions performed similarly to the control group
of girls, and there was no significant difference be-
tween the girls with right-sided lesions and the con-
trols (t=1.72, df=15, ns).

Table 2 also shows the results for reading achieve-
ment, that is, the proportion of children classified as
either reading impaired, or as normally achieving. A
�2 test for the four patient groups (�2=3.28, P�
0.03, one-tailed) suggested that more boys with left-
hemisphere damage were adversely affected than
those with right-hemisphere damage, while hemi-
spheric side of damage made little difference to the
girls. Although the pattern of results for reading is
remarkably similar to the results for spelling, it
should be noted that few data points were available
for analysis, and that the level of significance is low.

4. Discussion

The present sample of children with unilateral brain
damage was extremely heterogeneous in terms of age
at injury, age at testing, and language spoken, and
the data available for analysis were very limited. We

also had limited power to detect differences in some
comparisons where participant numbers were small.
Hence the results must be treated with caution. They
suggest, however, that reading and spelling impair-
ment was related specifically to left-sided damage in
boys. Importantly, this effect was found not only for
familiar but also unfamiliar words, which were scored
in terms of appropriate use of phoneme-to-grapheme
correspondences. This supports the hypothesis that
phonological impairment might be responsible for the
literacy deficit that was tapped by the present mea-
sures. In contrast, no specific effect was found for
girls with left-sided lesions in the present sample. If
anything, right-sided lesions were somewhat more
deleterious. It should be noted, however, that the girls
with right-sided lesions were not significantly impaired
relative to the girls in the control group.

These results are consistent with the existing evi-
dence that phonological processes tend to show
stronger left lateralisation in males [8]. While previous
work on sex differences in brain organisation for lan-
guage functions addressed this issue in adults, the
present study extends the finding to children, and
suggests that sexual dimorphism for at least some
processes underlying literacy may emerge early in life.

The results have implications for the question of
neural plasticity. Comparison with the normal control
group showed that the boys with right-sided lesions
were unimpaired in reading and spelling performance,
in contrast to the boys with left-hemisphere lesions,
and in contrast to the girls. Although the data are
not informative on individual compensatory success
or failure, reading and spelling achievement for the
patient group as a whole was clearly affected by the
laterality of these early lesions.
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