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- This study examined the familial aggregation of spelling disability in a sample of 32
German school-aged children and their relatives. The influence of two different diagnostic
criteria (low-achievement criterion, and regression-based 1Q-discrepancy criterion) on the
rate of affectedness was investigated. Results revealed that 52.3-61.9% of the sibs and
26-34% of the parents were spelling disabled. Little evidence was found for an influence
of the diagnostic crilerion on the rate of affectedness.
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Introduction

Ever since reading disability was first described by
Morgan (1896) and Kerr (1897), a familial aggregation
has been evident. Analysis of single and partly extended
pedigrees showed a transmission of reading and spelling
disability over three generations and provide evidence
for an autosomal-dominant transmission with sex-
dependant penetrance (Stephenson, 1907; Fisher, 1905;
Hinshelwood, 1907; Plate, 1909; Op’t Hof & Giilden-
pfennig, 1972; Schulte-Kéme & Remschmidt, 1994).
The comparison of family samples of reading disabled
and non-reading disabled probands revealed higher rates
of reading difficulties in parents and siblings of reading
disabled children than in siblings and parents of controls
(Owen, Adams, Forrest, Stolz, & Fisher, 1971; Foch,
DeFries, McClearn, & Singer, 1977; DeFries, Singer,

 Foch, & Lewitter, 1978).

Although different diagnostic procedures (interviews,
questionnaires, and psychometric tests), different diag-
nostic criteria (e.g. low reading achievement, discre-
pancy between IQ and reading achievement), and
ascertainment strategies (clinic samples, high selected
samples, high loading pedigrees) were used, the
estimated familial risk for reading disability was found
to be higher than the population risk. The overall rate of
30-70% of affected first-degree relatives strongly
supports a familial aggregation and gives evidence for
a major gene effect (Hallgren, 1950; Zahalkova, Vrzal,
& Klobouka, 1972; Finueci, Guthrie, Childs, Abbey, &
Childs, 1976; Vogler, DeFries, & Decker, 1985; Gilger,
Pennington, & DeFries, 1991; Pennington et al., 1991;
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Wolff & Melngailis, 1994). Although single pedigree
analyses give valuable information, only complex
segregation analyses, preferably based on a large
unselected family sample, allow statistical testing of
the hypothesis on the mode of transmission. Recent
segregation analyses of 204 families provided evidence
for a sex-influenced, additive, or dominant transmission
on the assumption of a prevalence of 7.5% and a male to
female ratio of 1.8:1 in three of four samples
(Pennington et al.,, 1991). Results obtained from the
fourth sample gave evidence for a polygenic transmis-
sion.

The higher prevalence of reading plus spelling
(Critchley, 1970) and pure spelling disability (Allred,
1990) in males gave support for a gender-influenced
polygenic threshold model. This model (Carter, 1969)
assumes that an underlying liability to spelling and
reading disability is a function of genetic and environ-
mental influences. An individual becomes reading and
spelling disabled when the liability exceeds a certain
threshold. To the extent that spelling and reading
disability is heritable, relatives of affected individuals
will have a higher average liability and thus will be at
greater risk for spelling and reading disability than
members of the general population. For spelling and
reading disability, in which the prevalence rate is higher
in males than females, females must have a higher
threshold. One consequence would be that females on
average must have a greater predisposition (e.g. genetic
predisposition) than affected males for becoming reading
and spelling disabled. A further consequence would be
that the rate of spelling and reading disabled relatives of
affected girls should be higher than the rate of spelling
and reading disabled relatives of affected boys. The
empirical data of DeFries and Decker, (1982) and
DeFries (1989) gave some support for the polygenic
threshold model. They found a higher rate of affected
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first-degree relatives of reading disabled girls than of
reading disabled boys. Further support for a sex-
influenced genetic model came from the reported family
studies. The rate of reading disability for parents of male
probands was 35%, and 41% for female probands
(Gilger et al., 1991).

The results of family studies indicate a high
familiarity and probable heritability of reading disorder.
However, for spelling disability, little research has been
done to examine the familiarity of this disorder. Using
family history information, Naidoo (1972) found sig-
nificantly more spelling disabled first-degree relatives of
spelling disabled probands than of non-spelling disabled
probands. Wolff and Melngailis (1994) examined the
reading and spelling disability of first and second degree
relatives of spelling and reading disabled probands. This
study suggests that these relatives scored significantly
lower on spelling than reading tests. Further support for
a genetic aetiology for spelling disorder came from twin
studies. A large-scale London twin study found a high
heritability of h?g=.75 for spelling disability after
controlling for the individual differences in IQ, and a
moderate heritability for reading disability (Stevenson,
Graham, Fredman, & McLoughlin, 1987). The high rate
of heritability for spelling ability was confirmed by
DeFries, Stevenson, Gillis, and Wadsworth (1991), who
found a heritability of h’g=.62 for spelling in the
Colorado Twin Study. The authors concluded that the
similar high heritability estimates obtained in the two
independent samples strengthen the evidence for a
substantial genetic actiology of spelling deficits.

One major interest of the present study was to
examine the incidence of spelling disorder in first-
degree relatives (parents and sibs) of spelling disabled
probands. The results of family studies could be mainly
influenced by different diagnostic criteria as was pointed
out for twin studies by Pennington, Gilger, Olson, &
DeFries (1992). The diagnostic procedures varied from
interviews and questionnaires on the one hand to
psychometric tests on the other hand, the former being
preferred for adults in most family studies (Pennington et
al., 1991; Gilger et al.,, 1991). There is also ongoing
discussion about whether to use a low achievement or IQ
discrepancy as criterion for reading disability (Rutter &
Yule, 1975; Rispens & Van Yperen, 1990; Pennington et
al., 1992; Shaywitz, Fletcher, Holahan, & Shaywitz,
1992; Stanovich, 1994). The question is whether there
are specific characteristics of the 1Q-discrepant or low
achievement defined groups. Rutter and Yule (1975)
differentiate between a specific reading retarded group,
in which reading achievement was significantly below
the expected level on the basis of 1Q and age, and a low
achievement group (reading backwardness), whose
reading achievement was below age. The specific
reading retarded group had more affected males than
females, fewer neurological abnormalities, and more
abnormalities in speech and language development in
comparison to the reading backward group. However,
Rutter and Yule did not find differences between the twa
groups regarding the percentage of reading disabled
first-degree . relatives. A large number of studies
examined whether there were differences between two
distinctive subgroups, an IQ-discrepant and an achieve-

ment discrepant-defined reading disabled group (Aaron,
1987; Shaywitz et al., 1992; Pennington et al., 1992,
Fletcher et al., 1994). The results were equivocal. Some
authors found small but statistically significant differ-
ences between the two groups (Aaron, 1987; Silva,
McGee, & Williams, 1985; Jorm, Share, Maclean, &
Matthews, 1986; Das, Mensink, & Mishra, 1990;
Pennington et al., 1992), whereas others did not find
group differences regarding neuropsychological test
profiles and cognitive functions (Siegel, 1992; Shaywitz
et al.,, 1992; Fletcher et al., 1994). These two criteria
might define different subgroups of dyslexia for which
different aetiologies can be assumed. Therefore, we are
interested in finding out the influence of adopting the
1Q-discrepant and low achievement criteria on the rate of
spelling disability in first-degree relatives of spelling
disabled probands.

Materials and Methods
Sample

The probands were selected from our outpatient clinic at the
Department of Child and Adolescent Psychiatry of the
Marburg University. All probands consulting the clinic for
the first time and having a history of learning disability
underwent our diagnostic procedure containing the non-verbal
Culture Fair Intelligence Test (CFT) (WeiB, 1987, Weil &
Osterland, 1977), and a grade-appropriate German spelling test
(Brickenkamp, 1975). The CFT was chosen for sample
selection in order to reduce the influence of verbal abilities
and cultural and educational influences on 1Q test perfor-
mance. Inclusion criteria were a spelling ability below the
tenth percentile (low achievement criterion) and below 1Q (10Q-
discrepancy regression criterion: z value of difference between
expected and actual spelling achievement >1).

Exclusion criteria were an 1Q < 85, an uncorrected auditory
andfor visual acuity, apparent neurological, emotional or
behavioural disorder or unusual educational circumstances
that could account for the poor spelling ability.

From October 1993 to July 1994, 50 patients having a
history of reading and spelling disability attended our
outpatient clinic. From this sample 38 children fulfilled the
inclusion criteria of our study (about 10% of all patients). Six
probands and their first-degree relatives refused to participate
in the study. The remaining 32 probands were tested in our
clinic, sibs and parents were mainly tested at home by
specially trained staff.

Measures

The test battery for the family members consisted of:

(i) Culture Fair Intelligence Test (CFT1 or CFT20,
depending on age)

(ii) Grade-appropriate spelling tests (Brickenkamp, 1975)

(iii) Grade-appropriate reading comprehension tests (for
children up to the 9th grade)

Additionally, each subject answered a questionnaire about
their reading and spelling history and habits, also their self-
assessment of spelling and reading skills as well as their
attitudes towards reading and spelling.

The spelling tests required the spelling of 3040 words with
specific difficulties regarding the German spelling rules and
German language (Brickenkamp, 1975). The total number of
spelling errors (in maximum, one error for one word was
counted) formed the raw scores which were then transformed
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Table 1
Sample Characteristics (Age and 1Q), Means + SD
Parents Sibs

Probands Mothers Fathers Sisters Brothers
N 32 31 26 12 14
Age 11.242.4 36.7+4.5 39.6+5.4 123434 11.9+3.1
1Q 98.3+8.1 109.94+14.3 103.54+14.6 104.7+10.7 101.94+11.7
Spelling 29423 48.7425.0 3334305 38.1+31.7 23.1+27.0
Reading 33.0+256 57.7+334 74.6+18.0

to grade adjusted percentage ranks according to large
normative samples.

The reading comprehension test required the silent reading
of series of short passages. Subsequently, the child had to
answer several multiple choice questions concerning the
contents of the passages. The total number of correct answers
formed the raw scores which were then transformed to grade
adjusted percentage ranks in the same manner as the spelling
scores. Reading comprehension tests including norms were
only available for children up to the 9th grade. Furthermore,
their validity is restricted due to the 30-year-old norms.
Therefore, reading comprehension tests were used as a
screening instrument.

The socio-economic status (SES) was rated on the basis of
the father’s profession and his economic success (Kleining &
Moore, 1968). The original five different classes were reduced
to three classes (lower, middle, and upper).

Methods of Statistical Analysis

In order to eliminate a possible bias due to heterogeneous
variances of the mean rates, for each analysis (parents and
sibs) we restricted the sample to the largest homogeneous
subsample with respect to that group, i.e. parental affectedness
was analysed for the 25 (out of 32) families with both parents
available, In four of the families, no sib could be tested.
Therefore, affectedness of sibs was tested using the remaining
21 families. From the two of the 21 families with more than
one sib, we used only the data of the eldest sib, again to avoid
heterogeneous variances of the mean rates.

Evaluation of observed rates of affected family members
requires the knowledge of expected rates of affectedness under
the assumption of no familial aggregation. Firstly, we had to
define affectedness. For the achievement criterion, we chose a
T-value* of 40 as cut-off, i.e. mean —1 8D, leading to an
expected rate of 15.9%. For the IQ-discrepancy criterion, we
selected the corresponding (i.e. leading to the same expected
rate} cut-off for the regression residuals. Glogauer (1977)
reported a correlation between IQ and spelling of .42 for a
large normative German sample. We used this coefficient to
calculate the regression equation.y

Secondly, we had to calculate the observed rates. While the
observed rate of affected sibs is simply the number of affected
in relation to the total number of sibs, the observed rate of
affected parents had to be calculated differently. We calculated
the rate of affected parents within each family. The mean of
these familial rates was tested against the expected rate as
defined above. The expected value of this mean is not

*Refers to T-norm with mean = 50 and SD = 10.

tThe SD of the regression residual (T-norm) is: 10*
J - 0.42%)=9.1. The underlying regression equation is:
spelling (7-norm) = 0.42*(10/15)*(1Q-100) + residual.

influenced by intra-familial dependencies of the spouses which
could have been caused by possible assortative mating.

For testing the observed against the expecled rates, we used
the binomial test for the sibs and the one-sample -test for the
parents. The latter was chosen because it accounts for the
effect of possible assortative mating on the standard deviation
of the mean rate. For this purpose, the #-test is more
appropriate than non-parametric tests or the binomial test,
which would require binomially distributed data.

Results
Sample

Our sample cansists of 32 probands, 21 boys and 11
girls. Analysing the reading test data showed that 10 of
the probands fulfilled the IQ-discrepancy criterion (two
probands refused to perform the reading test). Presuming
the reading comprehension test to be valid despite the
30-year-old norms, this means that 33.3% of our
probands have a combined spelling and reading
disability (IQ-discrepancy criterion), and the rest are
purely spelling disabled. Concerning the 13 affected
sibs, we found only one to be reading and spelling
disabled (IQ-discrepancy criterion); the other 12 sibs
were purely spelling disabled.

Because of the small sample size, separate analyses
for the groups of pure spelling disabled, and for the
spelling and reading disabled probands, were not carried
out. In 25 families both parents could be examined, in
seven cases only one parent. In the majority of our
families (& = 19) there was one school-age sib that could
be examined. Additionally, there was one family with
two, one family with three, and nine families without
school-age sibs. Concerning SES, 18 families were rated
lower class, 12 middle class, and two upper class. The
sample characteristics are presented in Table 1.

Comparison of Expected and Empirical Rates of
Affected First-Degree Relatives

Table 2 shows the rates of affected parents and sibs
comparing the two different criteria.

Both criteria define a higher rate of affected subjects
as would be expected on the assumption of no familial
aggregation for both parents and sibs. We found a
significantly higher rate of affected sibs, irrespective of
the diagnostic criteria used (one-tailed p-values, not
adjusted for multiple testing). However, the empirical
rates of affected parents were only significantly different
from the expected rates when the IQ-discrepancy
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Table 2
Empirical and Expected Rates of Parents and Sibs for Two Diagnostic Criteria
N Observed Expected Test statistic p-Value (one-sided)

IQ-discrepancy criterion

Parents 25 34.0%" 15.9% 2.42 .0118

Sibs 21 61.9% 15.9% 13/21 <.0001
Achievement criterion

Parents 25 26.0%" 15.9% 1.41 .0850

Sibs 21 52.3% 15.9% 11/21 <.0001

®In four families bath of the parents were affected, in nine families only one parent, and in 12 families none of the parents were
affected.

®In three families both of the parents were affected, in seven families only one parent, and in 15 families none of the parents were
affected.
Table 3 polygenic threshold model is that relatives of affected

Mean Rates (%) of Affected First-Degree Relatives of Male
and Female Probands

Mean Rates of Affected First-degree Relatives of:
Male probands (12 families) Female probands (7 families)

333 42.9

criterion was considered. Regarding the two different
diagnostic criteria, only little evidence was found for an
influence of the chosen diagnostic criterion on the
observed rate of affectedness. To check if the two
criteria define different subgroups of spelling disabled,
cross-tabulations were carried out. All parents and sibs
rated affected by the achievement criterion were rated
affected, too, when the IQ-discrepancy criterion was
used. That means individuals with low achievement are
mainly a subgroup of those with a high difference
between actual and predicted spelling based on IQ.

The Influence of Compensation on the Parents’ Rate
of Affectedness

Adults could have improved their spelling ability by
remediation. This so-called compensation effect should
be considered. For this purpose we analysed the
questionnaires regarding history of spelling achievement
and were able to identify a number of adults we assumed
to be compensated. We regarded adults as compensated
if they reported spelling difficulties at school, but did not
fulfil the regression or achievement criterion. This
procedure is similar to the one used by Pennington et
al. (1991) for English-speaking, reading disabled adults.
On the basis of these data, we found 10 adults who
reported spelling difficulties during school, but having
an actual spelling ability within the normal range.
Including both the 17 (34%) affected adults and the 10
(20%) compensated adults, we observed a total rate of
affected adults of 54%.

Sex-Influenced Polygenic Threshold Model
A specific hypothesis that can be derived from the

girls should be more often affected than relatives of
affected boys. The rates of affected first-degree relatives
(parents and sibs considered together) were calculated
separately for male and female probands within each
family. This analysis was based on families with both
parents and one sib (19 families). The 1Q-discrepancy
criterion was chosen to define affectedness. The
resulting familial rates were first transformed using the
arcsin transformation (Sachs, 1973). These values
underwent statistical testing (male vs female) using an
exact permutation test. Table 3 shows the mean rates for
male and female probands.

In the families of female probands we found a higher
rate of spelling disabled first-degree relatives than in
families of male probands. However, these rates did not
differ significantly.

Another observation that could be best explained by a
polygenic model is the relation between the number of
affected parents and the affectedness of children. The
risk of being affected increases with the number of
affected parents (none, one, or both). Each affected
parent additionally transmits a number of ‘disease genes’
which increases heritability. In the study we found no
relation between the number of affected parents (both,
one or none affected) and the affectedness of probands’
sibs.

Discussion

One of the major purposes of our study was to
examine the familial aggregation of spelling disability
with special consideration of two different diagnostic
criteria. We examined 32 probands and their 83 first-
degree relatives and found significantly increased rates
of affected sibs (low-achievement and IQ-discrepancy
criteria) and of affected parents (IQ-discrepancy criter-
ion). The rates defined by the achievement criterion were
lower for parents and sibs. Nearly all subjects rated as
affected using the achievement criterion had the same
rating using the IQ-discrepancy criterion, i.e. the 1Q-
discrepancy criterion defined a slightly larger, but not
substantially different group of individuals. We found no
evidence for the hypothesis that the IQ-discrepancy and
low achievement criteria define different subtypes of
spelling disability regarding the familial aggregation of
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the disorder. In our sample the risk of a first-degree
relative being affected using the 1Q-discrepancy criterion
was 34-61%. This calculated risk is comparable to the
risk estimated by Hallgren (1950), Zahalkova et al.
(1972), Vogler et al. (1985) and Gilger et al. (1991). In
all of the reported studies the estimated risks were
significantly higher compared with control groups or the
population risk. Results regarding estimated risks did not
seem to be considerably affected by the influence of
different languages, i.e. Swedish (41% for sibs, 42.4%
for parents, Hallgren, 1950), Czechoslovakian (34% for
sibs, 33.5% for parents, Zahalkova et al., 1972), German
(our study) and English (28.5% for sibs and 27% for
parents, Gilger et al., 1991).

Another relevant aspect is that the affected first-
degree relatives from the reported family studies were
mainly reading disabled. In our study we found a
comparably high rate of spelling disabled relatives.
Although we did not examine reading ability in the
parents’ sample, it remains open as to whether both
disorders, reading and/or spelling disability segregate
independently in families. Therefore, it is possible that
there are pure spelling disabled families and another
subgroup of families characterized by reading and
spelling or pure reading disability. The high heritability
estimates for spelling disability reported by Stevenson et
al. (1987) and by DeFries et al. (1991) gave further
support for a genetic aetiology in spelling disability. We
recommend the separate examining of reading and
spelling abilities in families in order to gain an
impression about a common or different segregation of
these abilities.

The sex ratio of probands was 1.9:1 (male:female).
This is below the traditionally reported 4:1 for clinically
ascertained samples. This ratio is similar to the reported
sex prevalence reported by Shaywitz, Shaywitz, Fletch-
er, and Escobar (1990) for non-clinical sample and gives
evidence for reduced bias in our ascertainment strategy
by sampling probands from an outpatient clinic. Further,
the gender ratio among affected relatives was 2.4:1 and
suggests the hypothesis of different aetiology of spelling
disability in males and females. This hypothesis was
supported by the analyses of Alarcén, DeFries, and
Fulker (1995), which provided evidence for different
etiologies in male and female reading performance. For
spelling disability, Allred (1990) showed that girls spell
significantly better than boys at all grade levels (1-6).

The great influence of spelling disability in a child’s
development is emphasized by our findings pertaining to
54% of affected adults including compensated. As
Michelsson, Byring, and Bjorkgren (1985) have shown
in a Swedish adult sample and Strehlow, Kluge, Méller,
and Haffner (1992) for a German sample, the spelling
disability of dyslexic children often persists into
adulthood and is the main influence on the occupational
status and social and emotional development of the
affected person. The adults’ spelling disability could
have influenced the child’s phenotype in different ways.

In the ongoing study, different samples from four
regions of Germany will be examined, and a segregation
analysis of these data will give more exact information
about the mode of inheritance of spelling disability.

Acknowledgemenis—We thank Professor Jim Stevenson and
the anonymous referees for their helpful comments and
suggestions on an earlier draft of this paper.

The work reported here was supported by a grant from the
Deutsche Forschungsgemeinschaft (DFG). During the prepara-
tion of this manuscript, Dr Schulte-K&rme was supported by a
Research Fellowship through the Deutsche Forschungsge-
meinschaft (DFG).

References

Aaron, P, G. (1987). Developmental dyslexia: is it different
from other forms of reading disability? Annals of Dyslexia,
37, 109-125.

Alarcén, M., DeFries, 1. C. & Fulker, D. W. (1995). Etiology
of individual differences in reading performance: a test of
sex limitation. Behavior Genetics, 25, 17-23.

Allred, R. A. (1990). Gender differences in spelling achieve-
ment in grades 1 through 6. Journal of Educational
Research, 83, 187-193.

Brickenkamp, R. (1973). Handbuch psychologischer und
pidagogischer Tests. Gottingen: Hogrefe.

Carter, C. O. (1969). Genetics of common disorders. British
Medical Bulletin, 25, 52-57.

Critchley, M. (1970). The dyslexic child. London: William
Heinemann Medical Books.

Das, J. P., Mensink, D. & Mishra, R. K. (1990). Cognitive
processes separating good and poor readers when IQ is
covaried. Learning and Individual Differences, 2, 423-436.

DeFries, J. C. (1989). Gender ratios in reading disabled
children and their affected relatives: a commentary. Journal
of Learning Disabilities, 22, 544-545.

DeFries, 1. C. & Decker, S. N. (1982). Genetic aspects of
reading disability: a family study. In R. H. Malatesha & P.
G. Aaron (Eds.), Reading disorders: varieties and treai-
ments (pp. 225-279). New York: Academic Press.

DeFries, 1. C., Singer, S. M., Foch, T. T. & Lewitter, F. L
(1978). Familial nature of reading disability. British Journal
of Psychiatry, 132, 361-367.

DeFries, J. C., Stevenson, J., Gillis, I. J. & Wadsworth, S. J.
(1991). Genetic etiology of spelling deficits in the Colorado
and London twin studies of reading disabilities. Reading
and Writing, 3, 271-283.

Finucci, J. M., Guthrie, J. T., Childs, A. L., Abbey, H. &
Childs, B. (1976). The genetics of specific reading
disability. Annual Review of Human Genetics, 40, 1-23.

Fisher, J. H. (1905). Case of congenital word-blindness
(inability to learn to read). Ophthalmological Review, 24,
315.

Fletcher, J. M., Shaywitz, S. E., Shankweiler, D. P., Katz, L.,
Liberman, L. Y., Stuebing, K. K., Francis, D. I., Fowler, A.
E. & Shaywitz, B. A. (1994). Cognitive profiles of reading
disability: comparisons of discrepancy and low achievement
definitions. Journal of Educational Psycholgy, 86, 6-23.

Foch, T. T., DeFries, J. C., McClearn, G. E. & Singer, 5. M.
(1977). Familial patterns of impairment in reading
disability. Journal of Educational Psychology, 69, 316-329.

Gilger, J. W., Pennington, B. F. & DeFries, I. C. (1991). Risk
for reading disability as a function of parental history in
three family studies. Reading and Writing, 3, 205-217.

Glogauer, W. (1977). Rechischreibleistung und Intelligenz.
Eine empirische Untersuchung. Psychologie in Schule und
Erziehung, 24, 287-292,

Hallgren, B. (1950). Specific dyslexia: a clinical and genetic
study. Acta Psychiatria et Neurologica Scandinavia (Suppl.
65).

Hinshelwood, J. (1907). Four cases of congenital word-
blindness occurring in the same family. British Medical
Journal, 2, 1229-1232.



822 G. SCHULTE-KORNE et al.

Jorm, A. F., Share, D. L., Maclean, R. & Matthews, R. (1986).
Cognitive factors at school entry predictive of specific
reading retardation and general reading backwardness: a
research note. Journal of Child Psychology and Psychiatry,
27, 45-54.

Kerr, J. School hygiene in ils mental, moral, and physical
aspects. Howards Medical Prize Essay. Journal of the Royal
Statistical Society, 60, 613-680.

Kleining, G. & Moore, H. (1968). Soziale Selbsteinstufung zur
Messung sozialer Schichten. Kélner Zeitschrift fiir Soziolo-
gie und Sozialpsychologie, 20, 505-552.

Michelsson, K., Byring, R. & Bjdkgren, P. (1985). Ten-year
follow-up of adolescent dyslexics. Journal of Adolescent
Health Care, 6, 31-34.

Morgan, W. P. (1896) A case of congenital word-blindness.
British Medical Journal, 2, 1543-1544.

Naidoo, S. (1972). Specific dyslexia. London: Pitman,

Op’t Hof, J. & Giildenpfennig, W. (1972). Dominant
inheritance of specific reading disability. South African
Medical Journal, 46, 737-738.

Owen, F. W., Adams, P. A, Forrest, T., Stolz, L. M., & Fisher,
S. (1971). Learning disorders in children: sibling studies.
Monographs of the Society for Research in Child Develop-
wment, 36.

Pennington, B. F., Gilger, J. W., Pauls, D., Smith, S. S. A.,
Smith, S. D. & DeFries, J. C. (1991). Evidence for a major
gene transmission of developmental dyslexia. Jouwrnal of the
American Medical Association, 18, 1527—-1534.

Pennington, B. F., Gilger, J. W, Olson, R. K, & DeFries, J. C.
(1992). The external validity of age versus IQ-discrepancy
of reading disability: lessons from a twin study. Journal of
Learning Disability, 25, 562-573.

Plate, E. (1909). 4 Fille von kongenitaler Wortblindheit in
einer Familie. Miinchener Medizinische Wochenzeitschrift,
56, 1793.

Rispens, J. & Van Yperen, A. (1990). The identification of
specific reading disorders: measuring a severe discrepancy.
In G. Th. Pavlidis (Ed.), Perspectives on dyslexia (pp. 17—
42). West Sussex: John Wiley and Sons.

Rutter, M. & Yule, W. (1975). The concept of specific reading
retardation. Journal of Child Psychology and Psychiatry,
16, 181-197.

Sachs, L. (1973). Angewandte Statistik. 3. Auflage. Berlin:
Springer Verlag.

Schulte-Kérne, G, & Remschmidt, H. (1994). Genetic aspects
of dyslexia. In F. Poustka (Ed.), Basic appreaches to genetic
and developmental psychiatry (pp. 163-173). Berlin:
Quintessenz Verlag,

Shaywitz, B. A,, Fletcher, . M., Holahan, J. M. & Shaywitz, S.
E. (1992). Discrepancy compared to low achievement
definitions of reading disability: results from the Connecti-
cut Longitudinal Study. Journal of Learning Disabilities,
25, 639-648.

Shaywitz, S. E., Shaywitz, B, A., Fletcher, J. M. & Escobar,
M. D. (1990). Prevalence of reading disability in boys and
girls. Journal of the American Medical Association, 264,
998-1002.

Siegel, L. S. (1992). An evaluation of discrepancy definition of
dyslexia. Journal of Learning Disabilities, 25, 618629,
Silva, P. A.,, McGee, R. & Williams, S. (1985). Some
characteristics of 9-year-old boys with general reading
backwardness or specific reading retardation. Journal of

Child Psycholgy and Psychiatry, 26, 407-421.

Stanovich, K. E. (1994). Annotation: does dyslexia exist?
Journal of Child Psychology and Psychiatry, 35, 579-593.

Stephenson, S. (1907). Six cases of congenital word-blindness
affecting three generations of one family. Ophthalmoscope,
5, 482484,

Stevenson, J., Graham, P., Fredman, G. & McLoughlin, V.
(1987). A twin study of genetic influences on reading and
spelling ability and disability. Journal of Child Psychology
and Psychiatry, 28, 229-247,

Strehlow, K., Kluge, R., Méller, H. & Haffner, J. (1992). Der
langfristige Verlauf der Legasthenie iiber die Schulzeit
hinaus: Katamnese aus einer kinderpsychiatrischen
Ambulanz. Zeitschrift fiir Kinder- und Jugendpsychiatrie,
20, 254-265.

Torgesen, J. K. (1989). Why IQ is relevant to the definition of
learning disabilities. Journal of Learning Disabilities, 22,
484-486.

Vogler, G. P., DeFries, J. C. & Decker, S. N. (1985). Family
history as an indicator of risk for reading disability. Journal
of Learning Disabilities, 18, 419-421.

Weill, R. H. (1987). Grundintelligenztest Skala 2, CFT 20.
Gottingen: Hogrefe.

WeiB, R. & Osterland, I. (1977). Grundintelligenztest CFT1,
Skala 1. Géttingen: Hogrefe.

Wolff, P. H. & Melngailis, L. (1994). Family patterns of
developmental dyslexia: clinical findings. American Journal
of Medical Genetics (Neuropsychiatry Genetics), 54, 122
131.

Zahalkova, M., Vrzal, V. & Klobouka, E. (1972). Genetic
investigations in dyslexia. Journal of Medical Genetics, 9,
48-52.

Accepted manuscript received 5 February 1996




