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Self-reported reading ability of the parents of 174 reading-disabled children and of 
182 controls was used to estimate the posterior probability that a child will become 
reading disabled given that a parent is affected. Using Bayesian inverse probability 
analysis, it was found that the risk for reading disability is increased substantially (by 
a factor of from about 4 to over 13) if either parent has had difficulty in learning to 
read. The absolute risk appears to be sufficiently high to warrant clinical application 
of family history information as one component of a multifactorial risk assessment 
battery. 

Early identification of individuals at 
risk for reading disability is an im-

portant initial step toward reducing the 
trauma which can result from academic 
failure due to undetected reading difficul-
ties. Accurate risk assessment in con-
junction with effective preventive inter-
vention could enhance the prospects for 
academic success of a reading-disabled 
child of otherwise normal or superior 
ability. Therefore, recognition of factors 
that result in an elevated risk for subse-
quent reading disability is clearly desir-
able. 

Several factors have been examined as 
potential risk indicators. Complications 
of pregnancy occurred significantly more 
often in mothers of reading-disabled 
children versus mothers of normal read-
ers in the retrospective study of Kawi and 
Pasamanick (1958). Corah, Anthony, 
Painter, Stern, and Thurston (1965) found 
significantly depressed WISC Vocabulary 
and Gilmore Oral Reading Test Accuracy 
and Reading Rate scores for children who 
had experienced postnatal anoxia relative 
to controls, although this was not the 
case for prenatal or perinatal anoxics. 
The effects of early malnutrition due to 
congenital hypertrophic pyloric stenosis 
on subsequent learning abilities have been 
examined by Klein, Forbes, and Nader 
(1975). They found differences in WRAT 
reading scores for the groups which had 
experienced high and low severity of 
malnutrition when compared to matched 

controls, and the moderate severity group 
differed significantly from its sibling 
control group. Congenital rubella, menin-
gitis, CNS enterovirus infections, and 
low birth weight have also been impli-
cated as early factors affecting reading 
achievement, but it is not clear that they 
influence reading ability independently 
of general cognitive abilities (see Schul-
man & Leviton 1978, for a review). 

One possible risk indicator that has not 
been previously quantified is family his-
tory. Because reading disability is clearly 
familial (DeFries & Decker 1982), family 
history may be used to improve risk es-
timates. However, all family studies of 
reading disability have ascertained the 
incidence of reading disability among rel-
atives retrospectively—by determining the 
frequencies of affected relative of chil-
dren whose reading ability is known. 
This probability of a relative being af-
fected given that a child is known to be 
affected [P(R/C)] is not equivalent to the 
risk that a child will become reading 
disabled given that a relative is known to 
be affected [P(C/R)] . Nevertheless, 
P(C/R) can be estimated from P(R/C) 
utilizing Bayes' principle of inverse prob-
ability. 

A Bayesian approach has previously 
been suggested for early identification of 
reading disability using either a standard-
ized test battery (Satz & Friel 1974, 
Satz, Taylor, Friel, & Fletcher 1978) or 
a teacher checklist and early vocabulary 

test (Lewis 1980). A risk estimate for 
more general learning disability has also 
been calculated by applying Bayes' theo-
rem to test results (DeRuiter, Ferrell, & 
Kass 1975) and to prevalence estimates 
of component abilities (Wissink, Kass, 
& Ferrell 1975). This method is espe-
cially useful because the risk assessment 
can be easily revised as new, independent 
information is obtained about other po-
tential risk factors. 

The present study quantifies the changes 
in a child's risk of developing subsequent 
reading disability as a function of the 
reading ability of the parents. Self-report 
was used to determine the incidence of 
reading disability among parents of a 
group of reading-disabled children and a 
control group. The resulting frequencies 
were subjected to inverse probability 
analysis to estimate a child's risk based 
solely on parental reading ability. 

METHOD 

The data presented here were obtained 
as part of two studies of reading disabil-
ity conducted at the Institute for Behav-
ioral Genetics, University of Colorado, 
Boulder, Colorado—the Colorado Family 
Reading Study (Decker & DeFries 1980, 
DeFries & Decker 1982), and a subse-
quent study of reading-disabled and con-
trol children only. 

Reading-disabled children were ob-
tained by referral from the Boulder Val-
ley, St. Vrain Valley, and Jefferson 
County School districts in Colorado. 
They were included in the studies if they 
met the following criteria: an age of be-
tween 7.5 and 16 years; reading perfor-
mance equal to or less than one-half of 
grade-level expectancy; a standardized 
IQ test score of at least 90; no known 
emotional, behavioral, or neurological 
impairments; no uncorrected visual acu-
ity deficits; and normal auditory acuity. 
Probands were matched to control chil-
dren of normal or superior reading ability 
by age (within 6 months), sex, and school 
district. All families were middle to upper 
middle class Caucasian, and English was 
always the language spoken in the home. 

Parents of all subjects completed a 
questionnaire on their reading habits, 
preferences, and ability. One question 
asked parents to indicate if they had had 
any serious difficulty in learning to read. 



TABLE 1. Likelihood of self-reported reading disability in parents of disabled and 
normal readers. 

PARENTAL READING ABILITY 
Father Father Mother Mother 

N Disabled Normal Disabled Normal 

Male probands 130 .29 .71 .17 .83 
Female probands 44 .36 .64 .25 .75 
Controls 182 .04 .96 .03 .97 

The frequencies of parental reading dis-
ability were determined from the re-
sponses to this question. Complete ques-
tionnaire information was available for 
the parents of 174 probands (130 males 
and 44 females) and 182 controls (141 
males and 41 females). 

ANALYSIS 

Using the principles of Bayesian prob-
ability, we began with an initial estimate 
of risk (the prior probability), incorpo-
rated new information on a factor related 
to that risk (the likelihood), and obtained 
a revised estimate of risk (the posterior 
probability). 

The probabilities used in this analysis 
are defined formally as follows: 

P(C) = the prior probability that a 
child will be reading dis-
abled—an estimate of the 
population incidence; 

P(C) = 1 - P(C) = the prior prob-
ability that a child will not 
be reading disabled; 

P(R/C) = the likelihood that a parent 
will be disabled given that a 
child is disabled— deter-
mined from the incidence 
among parents of our pro-
bands; 

P(R/C) =the likelihood that a parent 
will be disabled given that 
a child is not disabled— 
determined from the inci-
dence among parents of our 
controls; and 

P(C/R) = the posterior probability 
that a child will become 
reading disabled given that 
a parent is reported as dis-
abled. 

The posterior probability is obtained from 
the following: 

P ( C / R ) = P(C)P(R/C_) 

P(C)P(R/C) + P(C)P(R/C) 

This is a simple application of Bayes' 
theorem, the derivation of which can be 
found elsewhere (e.g., Winkler 1972). 

Since the exact population incidence is 
subject to debate, we used three different 
estimates of the prior probability ( 1 % , 
5%, and 10%) (see Herschel 1978). Sep-
arate incidences for males and females 
(assuming a sex ratio of 3.5 disabled 

males for one disabled female in the 
population) were then calculated. 

The likelihoods (proportions of parents 
reporting either the presence or absence 
of difficulties in learning to read) were 
divided by the sex of the parent, and 
further subdivided by the sex of the child 
for the reading-disabled group. Posterior 
probabilities were calculated for each of 
the resulting groups. Sibling data were 
not used because there were too few 
families to obtain reliable likelihood es-
timates for each possible sibling configura-
tion. 

RESULTS 

The proportions of families with the 
father disabled or not disabled and with 
the mother disabled or not disabled are 
presented in Table 1, with reading dis-
ability defined as self-reported difficul-
ties in learning to read. Examination of 
the data indicates that the probability of a 
parent being disabled is significantly 
greater if a child is reading disabled than 
if a child is not disabled (X ] = 44.42, p 
< .001 for fathers; X } = 22.87, < 
.001 for mothers), suggesting validity of 
the self-report data. 

The posterior probabilities that a child 
will be affected, based upon the parents' 
self-reported reading ability, are pre-
sented in Table 2. These probabilities, as 
well as the estimated population inci-
dences of 1%, 5%, and 10%, are pre-
sented separately as a function of the sex 
of the child for whom risk is being 
assessed. 

It can be seen in Table 2 that the risk 
of reading disability for a child is indeed 
increased when a parent reports having 
been disabled. Depending on the popula-
tion estimate chosen, the relative risk in 
males is increased by a factor of from 
about 4 to 10 if either parent is affected. 
For females, the risk of reading disability 
is 8 to 13 times higher if a parent reports 

having had difficulty in learning to read. 
It is interesting to note that although the 
absolute risk for females is lower, the 
relative risk is higher when a parent is 
affected. 

DISCUSSION 

The results of this study indicate that 
there is a considerable increase in the 
risk for a child to develop reading dis-
ability if a parent reports a difficulty in 
learning to read. Somewhat surprisingly, 
the sex of the parent reporting reading 
difficulties does not appear to be a factor 
in the increase of risk for a child. 

As a predictor, parental reading ability 
compared favorably with other risk indi-
cators. Kawi and Pasamanick (1958) 
present frequencies for reading-disabled 
and control groups of individuals exposed 
to one or more perinatal stress factors. 
Reanalysis of these frequencies utilizing 
Bayes' theorem yielded a posterior prob-
ability of 0.35 for a sample of males 
only, assuming a 15% population inci-
dence. The posterior probabilities for a 
predictive battery (Jansky & deHirsch 
1972) and for a teacher checklist and 
early vocabulary test (Lewis 1980) both 
are 0.36 (15% incidence, male and fe-
male combined samples). While the fig-
ures reported by Satz et al. (1978) are 
somewhat higher, their sample contained 
individuals with handicaps in skills other 
than reading, thus precluding comparison 
with the more normally defined reading-
disabled sample of this study. 

When considering the predictive utility 
of information on parental reading abili-
ty, it is useful to examine the absolute 
magnitude of risk rather than the change 
relative to initial risk. As noted by Satz 
and Fletcher (1979), the predictive utility 
of a test—in this case, self-reported read-
ing ability—is directly assessed by the 
posterior probabilities resulting from the 
application of Bayes' theorem. The pos-



TABLE 2. Probability that a child will become reading disabled as a function 
of parental self-reported reading ability. 

PARENTAL READING ABILITY RELATIVE RISK * 

Sex of Overall Incidence Father Father Mother Mother 
Child Incidence by Sex Disabled Normal Disabled Normal Father Mother 

Male .01 .016 .107 .011 .089 .013 9.73 6.85 
.05 .078 .391 .058 .342 .067 6.74 5.10 
1.0 .156 .583 .119 .532 .136 4.90 3.91 

Female .10 .004 .040 .003 .039 .003 13.33 13.00 
.05 .022 .177 .015 .171 .017 11.80 10.06 
.10 .044 .305 .030 .297 .035 10.17 8.49 

'Ratio of probabilities of a child becoming disabled if parent disabled versus parent normal 

terior probability is simply the likelihood 
of making a correct prediction on the 
basis of information incoiporated in its 
calculation. Our results indicate that the 
posterior probability of a child becoming 
reading disabled, given that a parent was 
affected, may be sufficiently high to war-
rant clinical applicaion. For example, the 
probability that a boy will become read-
ing disabled, given that his father reports 
difficulty in learning to read, is about 
0.40 when the overall incidence is 0.05. 
Such information may be especially valu-
able when used in a comprehensive, mul-
tifactorial risk-assessment battery. 

Bayes' theorem permits revision of the 
posterior probability as new, independent 
information becomes available. This is 
accomplished by using the posterior 
probability as a prior probability in the 
next equation, which incorporates the in-
formation on a new risk indicator. A 
revised posterior probability is then ob-
tained which can be used as a prior 
probability for yet another risk indicator. 
Such revisions can be carried out for as 
many items of new information as are 
available. Thus, family history may be 
especially helpful in conjunction with a 
variety of other risk indicators—for ex-
ample, a diagnostic test battery, teacher 
ratings, and congenital and perinatal 
abnormalities. 
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