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Part III 
Recent Research Findings 

Those who teach dyslexics and those who engage in research into the 
causes of and the most effective treatments for dyslexia, through mu- 
tual respect and understanding, can achieve much. Too often, these 
key individuals, immersed as they are in the demands each day pre- 
sents, fail to make the critical links between theory and practice. 

Through forums such as national and regional conferences, and 
through the scholarly and popular publications of several organiza- 
tions, there is a continuing effort to forge those links. Recognizing that 
often the language of researchers is technical, nonetheless, those who 
select papers for this journal believe that you who choose to work with 
language-learning disabled students have a special responsibility to fa- 
miliarize yourselves with current research studies in the field. 

If we hope to persuade educational policy makers of the value of 
multisensory programs, we must be able to support our claims with 
more than anecdotal evidence. So, while we urge researchers never to 
lose sight of the individual behind the profile, we even more strongly 
urge practitioners to give thoughtful, critical eye to research studies 
reported in this and other professional journals. 

In this section, there are topics to stretch your minds and to in- 
spire your teaching or your future research. 

In addressing the question of the life-long nature of dyslexia, Lefly 
and Pennington, in "Spelling Errors and Reading Fluency in Compen- 
sated Adult Dyslexics," note that some individuals appear to compen- 
sate sufficiently so that as adults they are no longer diagnosably dys- 
lexic. They examine the characteristics of such people to determine the 
cause for the compensation. Implications for instruction may lie in the 
similarity of the compensated dyslexics with nondyslexics in all areas 
studied except for the automaticity with which they apply skills. 

In "Early Identification of Dyslexia: Evidence from a Follow-up 
Study of Speech-language Impaired Children," Hugh W. Catts indi- 
cates that difficulty with semantics and syntax among speech-language 
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impaired children may be a useful predictor of poor reading perfor- 
mance. This study, however, cautions that preschool language impair- 
ment alone is not a sufficient indicator of later problems. When coexist- 
ing with other problems in phonological processing, there appears to 
be a greater risk of reading disabilities. 

Steven G. Zecker compared reading-disabled and normally- 
achieving children with respect to their orthographic code develop- 
ment. He reports his results in "The Orthographic Code: Develop- 
mental Trends in Reading-disabled and Normally-achieving Children." 
Zecker found that reading-disabled children do develop an ortho- 
graphic code, but that they do so at a much slower rate than their 
normally-achieving peers. 

The effect of phonological awareness training on a group of 
severely dyslexic students is reported by Ann W. Alexander and her 
colleagues in "Phonological Awareness Training and Remediation of 
Analytic Decoding Deficits in a Group of Severe Dyslexics." They stud- 
ied a group of older dyslexic children who participated in a program 
which emphasized phonological awareness. These children showed 
significant growth following the intervention program. Although the 
authors recognize the limitations inherent in clinical studies, they offer 
convincing evidence of the potential for improvement offered by train- 
ing in phonological awareness. 

Hollis Scarborough, in "Early Syntactic Development of Dyslexic 
Children," examines the expressive and receptive syntactic abilities of 
a group of preschoolers of comparable IQs, SES, and gender, some of 
whom became normal readers and others disabled readers. He con- 
cludes that preschool language development is a significant factor in 
later reading achievement, a conclusion with important implications 
for early instructional intervention. 

"Linguistic Profiles of Dyslexic and Good Readers" is the latest in a 
series of studies undertaken by Nathalie Badian and her associates in 
Massachusetts. This study of dyslexic, mildly dyslexic, average, and 
good readers examined at kindergarten, grade 2, and grade 4, con- 
cludes that most strengths and weaknesses seen in kindergarten con- 
tinue through the primary grades. The best kindergarten predictors of 
later reading achievement were giving letter sounds and rapid naming. 

In "Gestalt Imagery: A Critical Factor in Language Comprehen- 
sion," Nanci Bell identifies the ability to create imaged wholes, or ges- 
talts, as a major factor in language comprehension. Those who process 
parts, rather than wholes, in response to verbal stimuli are subject to a 
generalized language comprehension deficit. Bell proposes that those 
with weak gestalt imagery be provided with special instruction involv- 
ing sequential stimulation, reporting significant improvement in read- 
ing comprehension among those who have received such a program. 
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Generally, a person who is diagnosed as dyslexic remains diagnosably dyslexic 
all his~her life. However, occasionally, an individual compensates for his/her dif- 
ficulties in some way, and by adulthood is no longer diagnosably dyslexic. In 
what ways are these compensated dyslexics different from both dyslexics and 
nondyslexics? We compared IQ, achievement test, and spelling error scores in 
adult dyslexics, adult nondyslexics, and adult compensated dyslexics (N = 25) 
in the two studies reported here. The second study differed from the first in that 
the subjects were matched for age, education, IQ, and SES. In both studies, 
compensateds were significantly different from nondyslexics on the WRAT 
Spelling subtest and Reading Quotient scores. In the second study the compen- 
sateds differed from the nondyslexics in total raw score and average reading 
speed on Gray Oral Reading Test. On the other hand, they were different from 
dyslexics on all reading and spelling variables in both studies, except for PIAT 
Reading Comprehension in Study 2. Finally, in Study 2, the compensateds 
were different from both dyslexics and nondyslexics in average reading speed. 
In conclusion, it appears that compensation does not result from differences in 
IQ, education, or SES, though it may be influenced to some extent by sex. 
Compensateds appear very similar to nondyslexics in their reading and spelling 
skills; however, there appears to be a difference in the automaticity with which 
they apply these skills. 
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Much progress has been made in the past few years with respect 
to the cognitive phenotype of childhood dyslexia. However, few stud- 
ies have focused on the adult outcomes of dyslexia. Those follow-up 
studies that have been done have usually focused on educational and 
occupational outcomes (Finucci 1986), or are studies that follow-up dys- 
lexic children before they reach adulthood (DeFiles and Baker 1983). 

We have been studying families with a strong history of dyslexia 
for over ten years (Pennington et al. 1986; Pennington et al. 1987; Smith 
et al. 1983; Smith et al. in press). Much of our research has focused on 
adults. Judging by our work and that of others (Scarborough 1984), 
most dyslexics remain diagnosably dyslexic throughout their lives. 
Their reading and/or spelling skills as adults are deficient when com- 
pared to nondyslexic adults. However, there are a few adults who 
report clear histories of reading problems as children, but are not diag- 
nosably dyslexic as adults. We call such adults "compensated dys- 
lexics." Incidentally, a recent archival study validated adult self-reports 
of childhood reading problems against group achievement test results 
from childhood (Gilger in review). So we have evidence that indicates 
that compensated dyslexics were really dyslexic at some point and are 
not just over-reporters of childhood problems. 

In our large study of familial dyslexia (Pennington et al. 1986), we 
reported data about adult familial dyslexics and compared them to 
other adult members of their extended families who did not have dys- 
Iexia. While investigating these differences, we also identified a group 
of individuals who reported a strong history of reading and spelling 
problems as children; however, when they were tested as a part of our 
study, they could not be clearly diagnosed as dyslexic. 

Other reading researchers have identified similar small groups of 
apparently compensated adults in their work (Felton, personal com- 
munication 1990; Scarborough 1984). These samples were not ascer- 
tained from extended dyslexic families and consequently may have dif- 
ferent etiologies for their disabilities. 

Felton identified 51 individuals who were severely impaired in 
reading as children and who had been seen for treatment by June 
Orton. They were identified through self-report and school records. 
Her sample was predominantly male. Of the 51 subjects identified as 
severely reading disabled in childhood, only nine were female. These 
subjects were reevaluated as adults. 

Felton's adult classification system was based on regression equa- 
tion developed by Finucci et al. (1984). This equation was derived from 
the test results of 90 nondyslexic adults. Classification in this system is 
based on the deviation of a subject's observed scores from the scores 
predicted by the regression equation. If a subject's observed score is 
more than two standard errors of prediction (SEP) below the Finucci 
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equation predicted score, he/she is classified as dyslexic. If the ob- 
served scored between I and 2 SEP below the predicted score, he/she is 
classified as borderline, and if the observed score is less than 1 SEP 
below the predicted score, he/she is considered in the normal range. 

Of the 51 individuals identified for her study, 13 (11 males, 2 fe- 
males) are now reading in the normal range (e.g., < 1 SEP below the 
predicted score), and an additional 13 (11 males, 2 females) were classi- 
fied as a borderline group (1-2 SEP below). The remaining 25 subjects 
are still diagnosably dyslexic (more than 2 SEP below). Felton has not 
analyzed her data completely and, consequently, has not yet reported 
similarities and differences among the groups. Since the 13 adults now 
reading in the normal range were classified as severely reading dis- 
abled in childhood, we might call them "compensated adults." Felton's 
data provide a rough estimate of the rate of compensation, about 25 
percent (13/51). 

Through self-report alone, Scarborough identified 40 subjects (21 
males and 19 females) who reported reading problems in elementary 
school. These subjects were recruited by a newspaper advertisement. 
These adults were the parents of Scarborough's high-risk longitudinal 
subjects (total sample 156 adults). Following the techniques used by 
Finucci et al. (1984) described above, she developed a regression equa- 
tion based on the test results of a group of adult nondyslexic readers. 
She identified a "dyslexics" (n = 17; 10 males, 7 females) group, a "bor- 
derline" (n = 16; 7 males, 9 females) group, and an "indeterminate" 
(n = 9; 6 males, 3 females) group. 

Adults in the borderline and indeterminate groups reported read- 
ing problems as children, but their reading levels were at or near ex- 
pected levels as adults. The borderline group was described as a group 
of "recovered" dyslexics and the indeterminate group was described as 
having "recovered completely." If we think of the indeterminate group 
as "compensated adults," then the rate of compensation (9/40; 23 per- 
cent) is similar to that found by Felton. 

Scarborough in her study tried to differentiate the test results of 
her borderline and indeterminate groups from her normal controls. 
Her results showed that: 1) self-reported previous reading problems 
were reliably associated with documented reading problems in adult- 
hood; and 2) the indeterminate and borderline groups were signifi- 
cantly different from normal controls on almost all measures of reading 
and spelling. The two exceptions were that the borderline group was 
not different from normals on mirror-image reading and the indeter- 
minate group was not different from normals on the spelling of ortho- 
graphically regular pseudowords. She did not report comparisons be- 
tween the two "recovered" groups and the dyslexic group. 

We have also examined the rates of adult compensation in the Col- 
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orado Family Reading Study Sample--CFRS (Letwitter, DeFries, and 
Elston 1980). This was a sample of 133 nuclear families identified 
through an affected child. This sample comes close to being a repre- 
sentative population sample of reading-disabled (RD) families because 
probands were identified in two school districts rather than in clinics 
and appear to have been representative of all the RD children in the 
school. Both parents of each proband were tested for RD and also an- 
swered a single item questionnaire about childhood reading problems. 
Of those adults answering positively to this question, 22 percent did 
not test positive for RD and can be considered compensated. (The test 
criterion used here was the Specific Dyslexia Algorithm, the same as 
used in the present study and described below.) The sex ratio in this 
group of compensateds is 12 males/16 females, compared to 27 males/10 
females in the parents who were positive on both history and test re- 
sults (Pennington et al. in review). 

In summary, the compensation rates across these three studies are 
quite similar, between 22 and 25 percent, despite different ascertain- 
ment procedures and diagnostic definitions. In the first two studies in 
which the adults were probands, there is the usual excess of males 
found in referred samples. 

If some residual effects of prior dyslexia remain identifiable in 
compensated individuals, studying them can provide converging evi- 
dence as to the primary cognitive deficit in dyslexia, since the most 
persistent features of a disorder are often core or primary features 
(Pennington in press). In this context, the work of Campbell and But- 
terworth (1985) is interesting. 

Campbell and Butterworth examined the reading and writing 
skills of an intelligent (WAIS IQ of 123) 23-year-old female college stu- 
dent, R.E. She had a history of early reading and spelling problems, 
but at the time she was evaluated as an adult, she read and spelled as 
well as her undergraduate classmates. However, in spite of her overall 
average ability to read and spell, she had great difficulty reading even 
the simplest nonwords, made phonetically inaccurate spelling errors, 
and classified a number of written nonwords as real words. Campbell 
and Butterworth stated that her problem seemed to be in accessing 
phonological representations of speech that she read or heard for the 
purpose of matching, repeating or segmenting. They concluded that 
R.E. was "phonologically dyslexic and dysgraphic with a developmen- 
tal etiology." Had they not given her a nonword reading test, her pho- 
nological coding problem probably would have gone undetected. If R. E. 
were to be considered a "compensated dyslexic," clearly she still gave 
evidence of a deficit in phonological coding, since she could not decode 
even simple nonwords. Other evidence from both cross-sectional, 



SPELLING ERRORS AND READING FLUENCY 147 

reading level match studies and behavior genetic studies indicates that 
a deficit in phonological coding is at the core of dyslexia (Pennington 
1990). 

Studies like these raise questions about adult reading outcome 
that have rarely been addressed systematically: 

1. Are compensated dyslexic adults different from both dyslexic 
adults who have not compensated and from nondyslexic adults? 

2. If residual deficits remain, are these convergent with the pri- 
mary deficits found in other studies of dyslexia? 

3. Why are some people able to compensate for dyslexia while 
others are not? 

The purpose of the following studies is to attempt to address these 
three questions systematically. We have a large three-generation family 
sample in which to compare compensated, dyslexic, and nondyslexic 
adults. An extended family sample such as ours allows us to compare 
these groups in a more homogeneous sample than would be provided 
by usual ascertainment procedures. 

The research reported here did not take into account remediation 
strategies, if any, to which these individuals were subjected, nor was it 
possible to evalute the individual compensatory strategies each of 
them employed. 

The purpose of Study 1 was to compare compensated adults to the 
dyslexic and nondyslexic adults in our sample on demographic, IQ, 
achievement, and spelling variables. 

Study I 

Methods 

Subjects. The subjects for this study are from our large extended 
family sample (N=360). Three groups were studied: compensated 
adults (N=25), nondyslexic adults (N=56), and dyslexics adults 
(N= 57). The nondyslexic and dyslexic comparison groups in this 
study are subsets of all the adult nondyslexic (total N = 101) and dys- 
lexic (total N = 87) subjects in our extended family sample. 

In our family stud~ diagnosis was based on self-reported history 
of reading problems and on achievement test performance. To be clas- 
sifted as a dyslexic, an individual had to meet two criteria: a self- 
reported history of reading and spelling problems as a child, and test 
results indicative of adult reading and/or spelling problems. To be diag- 
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nosed as a compensated adult, an individual had to have a positive 
history, but negative test results. To be classified as a nondyslexic, an 
individual had to be negative on both criteria, history and test results. 

Reading history data was collected in two ways: 

1. An interview was conducted with each member  of an extended 
family. During this interview each person was asked to provide 
reading history information about himself as well as about 
other members of his family. This latter portion of the interview 
provided cross validation for individual reading problems 
within a family. 

2. A reading history questionnaire (RHQ) was developed that 
was based on the one used by Finucci in her research (Finucci 
et al. 1982). In the early part of our research only interview in- 
formation was gathered. The RHQ was developed later and ad- 
ministered to individuals along with the interview to establish 
its validity and reliability. 

The RHQ allowed subjects to respond to questions about diffi- 
culty learning to read, repeating grades, failure in high school and col- 
lege courses, attitude toward reading, spelling ability, and current 
amount of magazine, newspaper  and/or book reading. On most  items, 
three or four responses were allowed. The most  favorable response was 
scored as zero and the least favorable was scored three. For example, 
the question about spelling ability allows for the following responses 
and scores: above average (0), average (1), below average, not very 
good (2), and poor, terrible (3). 

Each person's RHQ score was the ratio of total points/total possible 
number  of points on the questionnaire. The resulting ratio was then 
analyzed by diagnostic group (dyslexic vs. nondyslexic) to determine 
mean values. The overall means for dyslexics (N=47) and non- 
dyslexics (N = 65) in our sample were .52(.16) and .28(.11), respectively. 
These means were significantly different (p < .001). 

To qualify as having positive test results, an individual had to 
meet at least one of these two test criteria: 

1. He/she had to have a reading quotient (RQ) of .80 or below; (The 
reading quotient (RQ) compares the individual's observed 
reading and spelling scores with those expected of an individ- 
ual the same age with the same amount  of education); 

2. He/she had to meet  the requirements of the Specific Dyslexia 
Algorithm (SDA) on the Peabody Individual Achievement Test 
(HAT). (To meet  the SDA an individual's PIAT Reading Recog- 
nition and/or Spelling standard scores must  differ from his/her 
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Math and/or General Information standard scores by at least 
one standard deviation [15 points]). 

Beyond diagnosis, there were two criteria for inclusion in one of 
the comparison groups for Study 1. One criterion was whether or not 
an individual's WRAT Spelling Test had been evaluated by our com- 
puterized Spelling Error Evaluation Program (SEEP) program de- 
scribed below. The second was that each subject have at least ten mis- 
spelled words on the WRAT Spelling Test. The number of errors is a 
cutoff used in our previous work (Pennington et al. 1986; Pennington 
et al. 1987), and was used in order to be consistent with our previous 
research. 

Not all adult subjects in our family study have had their spelling 
errors analyzed by the SEEP program. Those whose spelling was ana- 
lyzed were not chosen from their respective diagnostic groups in any 
systematic way, but were the adults whose results were available for the 
previous studies mentioned above. New subjects have since been 
added to the family study, but their results have not been analyzed at 
this time. 

We felt it was important to limit the overall analyses to those whose 
spelling errors had been evaluated by SEEP so that the same individ- 
uals would be included in all analyses. However, we wanted to be sure 
that these subsets were representative of their respective diagnostic 
groups. To this end, analyses were performed to compare included 
dyslexic and nondyslexic subjects to those who were not included 
within each diagnostic group on demographic, IQ, and achievement 
variables. 

There were no significant differences between the dyslexic groups, 
and only one difference was discovered between the nondyslexic 
groups. The nondyslexic controls who were included in the study (Grp 
1; N = 57) had a lower mean PIAT Reading Recognition score than those 
who were not included (Grp 2; N=33) (Grp 1:M--105.7 (8.6); Grp 2: 
M = 111.9(9.1)). Since there were no systematic biases in the selection of 
Grp 1, nor any differences in age, education, or IQ between Grp 1 and 
Grp 2, the reason for this result was not clear. However, it was not 
viewed as a confound, though it was considered in the analyses dis- 
cussed below. 

Procedures and Materials. All subjects were administered the Pea- 
body Individual Achievement Test (PIAT), the Spelling subtest of the 
Wide Range Achievement Test (WRAT), and the Raven's Matrices (a 
nonverbal IQ measure). These tests were administered in the standard 
fashion. In addition, detailed reading history information was col- 
lected from each person as described above. 
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The WRAT spelling test responses for each individual were coded 
according to the system described in earlier papers (Pennington et al. 
1986; Pennington et al. 1987). Only a brief description of this system 
will be provided here. 

All the different spelling errors for each word were transcribed 
onto a master computer  file for scoring. Errors were not identified by 
subject group in this file. Error codes were established and are de- 
scribed in detail in Pennington et al. (1986). Each error was scored by 
the first and second authors according to the coding system described 
below. Two main dimensions of spelling accuracy, phonological and or- 
thographic, were examined at two levels of complexity. 

SPA. A simple phonologically accurate misspelling (SPA) was 
defined as follows. The consonant structure of the whole string was 
examined to see whether  all the consonant sounds and only the conso- 
nant sounds of the target word were present in the correct order. Vowel 
errors were ignored since correct vowel representation is a more com- 
plex and later attainment in the development of phonological accuracy. 
A target consonant sound could be represented by a different graph° 
eme(s) than that in the target word, as long as these grapheme(s) had 
the target sound in some English word. A subject's SPA score is the 
percentage of his total errors that preserved consonant phonology. 

CPA. In contrast to the SPA score, the complex phonological ac- 
curacy (CPA) code required accurate representation of both vowels and 
consonants. The raters had to agree that the subject's reading of the 
misspelling matched exactly the phonology of the target word. It was 
also permissible for words in this category to be orthographically illegal 
(e.g., "cwantity" for quantity). A subject's CPA score is the percentage 
of his total errors that preserved a word's complete phonology. 

SOA. The simple orthographic accuracy (SOA) code  required 
that a string have both the initial and final letters of the target word 
correct and not have any orthographically illegal letter sequences. Or- 
thographically illegal was defined in the strong sense that such a letter 
sequence does not occur in any position in any English word within a 
morpheme (e.g., "angziaty" for anxiety, where the sequence ngz is or- 
thographically illegal). Although a given misspelling might contain 
more than one of these simple orthographic inaccuracies, misspellings 
were only counted once in a subject's total of non-SOA words. A sub- 
ject's score is the percentage of total errors that received a SOA score. 

COA. Complex orthographic accuracy (COA) was defined as the 
correct spelling of four patterns within words, each of which repre- 
sents a departure from a direct phoneme to grapheme translation and 
requires knowledge of more subtle or complex spelling regularities. 
The four patterns were single consonant alternation, vowel clusters, 
geminate consonants, and analogy words. 
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Single consonant alternations reflect the fact that most consonant 
graphemes can represent more than one phoneme, depending on con- 
text. For instance, the "c" in necessity represents the phoneme/s/ ,  
while in cat the "c" represents the phoneme/k/.  There are 23 examples 
of this pattern on the WRAT II list which was given to all adults. 

Vowel clusters involve digraphs or letter clusters which usually rep- 
resent one phoneme; hence, the grapheme-phoneme correspondence 
is complex because it is a many-to-one correspondence. For instance, 
the "iou" in precious represents the single phoneme/u/ .  There are 14 
vowel clusters on the WRAT II list. 

Geminate consonants involve a consonant doubling (e.g., exagger- 
ate), usually for reasons of affixation in the etiology of the word. There 
are 11 geminate consonants on the WRAT II list. 

Analogy words contain letter groups whose basis is usually mor- 
phological, but which cannot be derived from simple phoneme- 
grapheme correspondence rules. For analogy words there is a "family 
resemblance" or analogy to other morphologically related words, ei- 
ther in the base morpheme (e.g., the phys-portion of physician, physi- 
cal, and physics), or in a suffix morpheme (e.g., -shion in fashion). There 
are 21 analogies on the WRAT II list. 

To ensure that we were tapping a subject's specific knowledge of 
these complex orthographic patterns, only spelling errors were scored. 
We reasoned that the best test for the subject's knowledge of a given 
pattern was his ability to use it correctly in a word of which he was 
unsure and in which he misspelled other portions. 

The basic percentage score for each of these patterns was the num- 
ber of times a subject spelled that pattern correctly in a word which was 
otherwise misspelled divided by the total number of patterns of that 
type in the words he misspelled. The scores for the four patterns were 
analyzed separately and were also combined into an overall complex 
orthographic accuracy (COA) score. 

Results 

There are two levels of analyses in this study. The main analyses 
compare the groups on overall achievement variables. The second level 
of analyses focuses more closely on reading and spelling variables. 

All analyses discussed in this section reflect comparisons between 
the compensated group and each comparison group independently. 

Demographic Variables 
There were no significant differences between the groups on age 

or IQ (Table I). It should be noted here that there are seven compen- 
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Table I 
Mean (SD) of Age, Education, RHQ, IQ and Achievement Scores in 

Study One 

Compensated Nondyslexic Dyslexic 
Adults Adults Adults 
(N=25) (N=56) (N=57) 

Sex 
M 7 24 38** 
F 18 32 19 

Age 44.68 (13.04) 40.26 (12.37) 39.03 (13.88) 
Education 15.86 (2.80) 15.33 (2.32) 14.21 (2.37)** 

1 > 3  
RHQ 0.44 (.13) 0.29 (.11)*** 0.54 (.13)* 

3 > 1 > 2  
IQ 120.89 (8.13) 118.22 (7.72) 115.89 (12.20) 
SES 2.16 (1.11) 2.35 (1.17) 3.97 (1.08)** 

1 > 3  
PIAT 

Math 104.04 (14.47) 107.91 (9.75)** 103.50 (12.27) 
RRec 104.00 (12.39) 105.66 (8.64) 90.14 (11.79)*** 

1 & 2 > 3  
RComp 109.39 (11.10) 111.30 (8.11) 96.98 (13.25)*** 

' 1 & 2 > 3  
Spelling 104.96 (13.92) 110.39 (11.18) 80.30 (11.37)*** 

1 & 2 > 3  
Gen Info 108.00 (13.26) 106.29 (12.80) 106.50 (12.24) 

WRAT Sp 105.00 (9.23) 109.21 (7.82)* 88.69 (13.74)*** 
2 > 1 > 3  

RQ .99 (.08) 1.05 (.10)* .76 (.14)*** 
2 > 1 > 3  

*p < .05 **p < .01 ***p < .001 

sated adults, fourteen dyslexics, and fifteen nondyslexic individuals 
who do not have IQ results. To ensure that IQ was not a factor in the 
results, separate analyses within groups were carried out between 
those who had IQ results and those who did not. No significant differ- 
ences were found in the results. 

To be sure that the difference on PIAT Reading Recognition (RRec) 
between those nondyslexics included in this study and those who 
were not, discussed above, did not lead to spurious results between 
nondyslexics and compensateds on that variable, an analysis was per- 
formed that compared all nondyslexics to compensateds on RRec. The 
result was not significant. 
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On the Reading History Questionnaire, the Study 1 sample re- 
vealed significant differences among the three groups (Table I). The 
dyslexics reported the strongest histories of reading difficulties (.54), 
followed by the compensates (.44) and nondyslexics (.29). 

Additionall~ between the compensated group and the dyslexic 
group there were significant differences on SES, as evaluated by the 
Hollingshead Inventory, and total years of education (Table I); the com- 
pensateds had signficantly more education and higher SES. An anal- 
ysis of covariance was performed on all variables using education and 
SES as covariates. The main effect of diagnosis, as discussed below, 
remained constant on all variables. 

There was a significant sex difference between the compensated 
group and the dyslexic group (X2(1)  = 10.49; p<.01); but not between 
the compensated group and the nondyslexic (X2(1)  = 1.61; NS). Be- 
cause of these sex differences, we used ANCOVAs to control for sex in 
the analyses reported below. Results showed a main effect for sex in 
the analysis of RQ between the compensateds and both comparison 
groups, and in the analysis of WRAT Spelling between the compen- 
sateds and the dyslexic group. All other significant results indicated no 
main effect for sex. 

Achievement Variables 

On the Piat Individual Achievement Test, there were no differ- 
ences between any of the groups on Math or General Information. The 
only differences on the PIAT occurred between the dyslexic group and 
the other two groups on Reading Recognition, Reading Comprehen- 
sion, and Spelling subtests. As expected, the dyslexics' scores were 
significantly lower than those of the other groups on these measures 
(Table I). 

On the WRAT Spelling Test, the compensated group's mean was 
different than either comparison group. While their mean was in the 
average range, it was significantly lower than the nondyslexic group 
mean, but significantly higher than the dyslexic group mean. It would 
appear that the compensateds are not totally normal spellers, though 
they are much closer to being normal than are the adult dyslexics. 

The spelling error pattern results revealed no significant differ- 
ences between the compensated adults and the nondyslexic compari- 
son group (Table II). The compensated adults' spelling was very similar 
to that of nondyslexics on these patterns. The mean score for CPA was 
slightly lower, but there were no significant differences. 

When compared with the dyslexics, on the other hand, the compen- 
sated adults appear quite different on the two complex error variables, 
CPA and COA (Table II). The compensated adults were significantly 
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Table II 
Mean (SD) of Spelling Variables in Study One 

Compensated Nondyslexic Dyslexic 
Adults Adults Adults 
(N=25) (N=56) (N=57) 

SPA .73 (.17) .77 (.17) .64 (.16)* 
2 > 3  

CPA .47 (.24) .56 (.23) .31 (.18)** 
1 & 2 > 3  

SOA .96 (.01) .97 (.02) .96 (.02) 
COA .63 (.06) .65 (.10) .57 (.12)* 

1 & 2 > 3  

*p < .05 **p < .01 ***p < .001 

better than the dyslexic adults in both their complex phonological and 
orthographic knowledge. 

D i s c u s s i o n  

Our results are different from those of Scarborough discussed 
above. She found differences on almost all reading and spelling vari- 
ables between the indeterminate and borderline groups and the non- 
dyslexic controls. We found few such differences. This may be due all 
or in part to different diagnostic methods  or to our subjects being from 
a more homogeneous  population. Our subjects were all from extended 
dyslexic families all with an apparent autosomal dominate pattern of 
transmission. Moreover, few of the adult subjects were probands, 
since these kindreds were identified through affected children. In con- 
trast, all of Scarborough's subjects were probands, and so there may 
have been a selection bias toward severity. In addition, the sex ratio in 
Scarborough's compensated group was about equal, whereas, 72 per- 
cent of our group was female. 

In summary, it would appear that compensated dyslexics are quite 
different than the dyslexic adults in our sample. Possibly confounding 
the issue is the difference between the two groups in socioeconomic 
status and education. Is this difference responsible for compensation, 
or does compensation result in obtaining more education and, as a re- 
sult, higher socioeconomic status? In an effort to address this more 
specificall~ Study 2 compares compensateds, nondyslexics, and dys- 
lexics who are matched for age, socioeconomic status, IQ and educa- 
tion. Once these confounding variables are controlled, the more spe- 
cific questions about compensation can be addressed. 
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Study 2 

Methods 
Subjects. Three groups were studied: compensated adults (N = 25), 

nondyslexic adults (N = 24), and dyslexic adults (N = 25). The non- 
dyslexic and dyslexic subjects for this s tudy are subsets of the diagnos- 
tic groups analyzed in Study 1. The only selection criteria beyond those 
in Study I were that they be matched on age, SES, IQ, and education. 

Procedures. The subjects are a subset of the entire sample de- 
scribed above, and as such, were administered the same tests. All of 
these individuals had their spelling errors evaluated by the SEEP pro- 
gram described in Study 1 and had at least ten spelling errors on the 
WRAT Spelling Test. In this study, the results of the Gray Oral Reading 
Test are also discussed. This test was added to the battery late, and, 
consequently, it was not administered to all subjects in our original 
family study. For the purposes of this study, the Gray Oral was admin- 
istered to 20 compensated adults, 19 nondyslexic adults, and 20 dys- 
lexic adults. 

The Gray Oral Reading Test is a t imed oral reading test made up of 
13 passages of increasing difficulty and complexity. This test is de- 
signed for administration to all ages from beginning readers through 
adults. However, not all subjects read the same passages. To assure 
that each subject reads at his/her appropriate level, a basal score is es- 
tablished for each individual. The basal is the last passage read without  
a single error of any kind. A ceiling score is obtained when  a subject 
reads two consecutive passages with at least seven errors in each. A 
raw score is obtained for each individual based on the individuals read- 
ing speed and the number  of errors for each passage completed. The 
usual method of scoring yields a grade-equivalent score based on the 
raw score obtained. We did not think that a grade-equivalent score 
would yield results sensitive enough to compare the subtle differences 
among our three groups. We devised a method of scoring we thought  
would yield results more meaningful for our purposes.  This method of 
scoring is discussed below. 

Results 

As in Study 1, there are two levels of analyses in this study. The 
main analyses compare the groups on overall achievement variables. 
The second level of analyses focuses more closely on reading and spell- 
ing variables. 

All analyses discussed in this section reflect comparisons between 
the compensated group and each control group independently. 
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Demographic Variables 
As expected, there were no significant differences between the 

groups on age, SES, education, or IQ (Table III). It should be noted here 
that there were six compensated adults and one nondyslexic individual 
who did not have IQ results. To ensure that IQ was not a factor in the 

Table III 
Mean (SD) of Age, Education, IQ and Achievement Scores in Study Two 

Compensated Nondyslexic Dyslexic 
Adults Adults Adults 
(N=25) (N=56) (N=57) 

Sex 
M 7 13" 17"* 
F 19 11 8 

Age 44.68 (13.04) 42.28 (12.07) 43.56 (13.52) 
Education 15.86 (2.80) 15.73 (2.41) 14.99 (2.76) 
RHQ 0.44 (.13) 0.34 (.09)* 0.52 (.13) 

1 & 3 > 2  
IQ 121.00 (7.79) 118.70 (7.40) 119.60 (7.59) 
SES 2.16 (1.11) 2.48 (1.27) 2.78 (1.17) 
PlAT 

Math 104.04 (14.47) 107.63 (10.55) 107.36 (12.07) 
RRec 104.00 (12.39) 107.54 (7.98) 95.04 (10.49)** 

1 & 2 > 3  
RComp 109.39 (11.10) 111.04 (8.71) 102.92 (13.37)* 

2 > 3  
Spelling 104.96 (13.92) 106.63 (10.71) 84.96 (10.82)*** 

1 & 2 > 3  
Gen Info 108.00 (13.27) 107.46 (13.43) 110.83 (11.67) 

WRAT Sp 105.00 (9.23) 109.79 (7.02)* 93.08 (11.47)** 
2 > 1 > 3  

RQ .99 (.08) 1.03 (.08)* .77 (.13)*** 
2 > 1 > 3  

Gray Oral (N = 20) (N = 19) (N-  20) 
Raw Score 87.00 (11.3) 96.6 (9.4)* 69.0 (20.1)*** 

2 > 1 > 3  
2 > 1 > 3  

Average Time/ 36.23 (9.9) 29.21 (4.04)** 48.17 (20.58)* 
Last 3 Passages 2 > 1 > 3 
Completed (secs) 
Average Errors 3.87 (1.8) 3.02 (1.7) 5.85 (1.91)** 
Last 3 Passages 1 & 2 > 3 
Completed 

*p<.05 **p< .01 ***p<.001 
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results, separate analyses within groups were carried out between 
those who had IQ results and those who did not. No significant differ- 
ences were found in the results as a consequence. 

There were significantly more women in the compensated group 
than in either of the other groups (X2(1)  = 3.86; p<.05; comp v. dys 
X2(1) = 8.63; p<.01). For this reason, sex was covaried in all of the fol- 
lowing analyses. Results of the ANCOVAs indicate that sex was a factor 
in only two of the significant results reported here. Results showed a 
main effect for sex in the analysis of RQ between the compensateds 
and both comparison groups, and in the analysis of WRAT Spelling 
between the compensateds and the dyslexic group. All other signifi- 
cant results indicated no main effect for sex. 

The Study 2 sample revealed a significant difference between the 
nondyslexic adults and both the compensated and dyslexic adults on 
the Reading History Questionnaire (Table III). The compensateds and 
dyslexics reported strong histories of reading difficulties, while the 
nondyslexics did not. 

Achievement Variables 

On the Piat Individual Achievement Test, the results are identical 
to those in Study 1. There were no differences between any of the groups 
on Math, or General Information. The only differences on the PLAT, 
again, occurred between the dyslexic group and the other two groups 
on Reading Recognition, Reading Comprehension, and Spelling sub- 
tests with the dyslexics being lower on all three variables (Table III). 

On the WRAT Spelling Test, the compensated group's mean was 
different than either comparison group. While their mean was in the 
average range, it was significantly lower than the nondyslexic group 
mean, and higher than the dyslexic group mean, as it was in Study 1. 

The Gray Oral Reading Test was administered to a subset of the 
sample as discussed above. The compensated adults differed signifi- 
cantly on total raw score points from both the dyslexic and nondyslexic 
controls (Table III), falling between these two groups. Since the raw 
score is based on both time and number of errors, it was not clear why 
the compensateds were different from both control groups. For this 
reason, we devised a more qualitative method of scoring. 

The Gray Oral Reading Test is a test of oral reading accuracy and 
fluency. It is constructed so that each subject begins with a paragraph 
he/she reads without error, and proceeds until the subject is making 
seven or more errors per passage. Similarl~ a subject's speed of read- 
ing is more rapid at the beginning because the words used are more 
familiar. As the test proceeds, the words used become less familiar, 
and, hence, the individual's reading time increases because time and 
effort must be expended to decode and pronounce unfamiliar words. 
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This is true regardless of where one begins the test. Typically, a non- 
dyslexic reader begins at a higher level and proceeds further on the test 
than does a dyslexic. Nonetheless, the most difficult passages for each 
individual are those just prior to ceiling, or in the case of many non- 
dyslexics, those at the end of the test. 

Besides the raw score obtained using the standard scoring 
method, two other scores were used: 1) a fluency score was obtained by 
averaging the time it took each person to complete the last three pas- 
sages he/she read, and 2) an error score obtained by averaging the 
number of oral reading errors made on the same last three passages. 

The results were quite interesting (Table III). The compensateds' 
average reading speed on the last three passages was significantly 
slower than the nondyslexic controls and significantly faster than the 
dyslexic controls. At the same time the compensateds did not make 
significantly more errors than the nondyslexics, and made significantly 
fewer than the dyslexic controls on the same passages. While the com- 
pensateds read more slowly than the nondyslexics, they were nearly as 
accurate in their reading. They were able to decode unfamiliar words 
just as well as nondyslexics; however, they just did it with less auto° 
maficity. 

The spelling error pattern results revealed no significant differ- 
ences between the compensated adults and the nondyslexic compari- 
son group (Table IV). The compensated adults' spelling was very simi- 
lar to that of nondyslexics on these patterns. The compensateds' mean 
scores were all a little lower, but there were no significant differences. 

When compared with the dyslexics, on the other hand, the com- 
pensated adults were different on the two complex error variables, CPA 
and COA (Table II). The compensated adults were significantly better 

Table IV 
Mean (SD) of Spelling Variables in Study Two 

Compensated Nondyslexic 
Adults Adults 

Dyslexic 
Adults 

(N=25) (N=24) (N=25) 
SPA .73 (.17) .77 (.18) .66 (.15) 

.30 (.16)** 
CPA .47 (.24) .53 (.21) 1 & 2 > 3 
SOA .97 (.01) .97 (.02) .96 (.02) 

.57 (.13)* 
COA .63 (.06) .64 (.05) 1 & 2 > 3 

*p < .05 **p < .01 ***p < .001 
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than the dyslexic adults in their complex phonological and ortho- 
graphic knowledge, as was true in Study 1. 

Discussion 

Our results in this study are also quite a bit different from those of 
Scarborough (1984). Again, we found fewer differences between the 
compensateds' and nondyslexic controls' reading and spelling vari- 
ables. As discussed earlier, the reasons for the differences between our 
findings and hers are not clear. 

Scarborough reportedly found no differences in reading speed. 
Our results showed that the compensateds read at a speed significantly 
faster than that of the dyslexics, but significantly slower than the non- 
dyslexics. So while these compensateds have "caught up" with the 
nondyslexics on almost every reading and spelling task in terms of ac- 
curac~ they remain slower oral readers and are more similar to the dys- 
lexics in this area. Perhaps they still have some subtle phonological pro- 
cessing deficit that affects oral reading speed. 

We have no way of knowing what compensatory processes these 
people used, but because they had been dyslexic at one time, we know 
that their decoding skills were probably much weaker, and it is possible 
that some subtle phonological decoding problems play a part in their 
slower reading speed. 

On the WRAT spelling test, the compensateds are dearly more 
knowledgeable about complex spelling rules than are the dyslexics. 
Their knowledge of the spelling rules that are evaluated by our com- 
puter program is very similar to that of the nondyslexics. However, be- 
cause their overall test scores on the WRAT are clearly not as good as 
nondyslexics with the same IQ level and educational experience, there 
must be some more subtle deficit that our coding system is not sensi- 
tive enough to pick out. An alternate hypothesis might be that, because 
of their slower reading speed, the compensateds have had less print 
exposure and fewer trials to memorize the correct spellings of these 
words. 

In summary, the results of Study 1 and Study 2 are consistent. 
Study 1 suggested that SES and education may be involved in the dif- 
ferences between dyslexics and compensateds. However, when these 
variables are controlled, the differences between dyslexics and com- 
pensateds remain the same, as do the results between the compen- 
sateds and the nondyslexics. Thus, education and SES alone do not 
cause compensation, rather compensation may lead to higher educa- 
tion and SES. 
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Returning to the questions we raised above: 

1. Are compensated dyslexic adults different from both dyslexic 
adults who have not compensated and from nondyslexic 
adults? 
Compensated dyslexics appear to be quite similar to non- 
dyslexics in most reading and spelling skills. However, their 
oral reading speed is more similar to that of dyslexics. 
It would appear that compensated dyslexics do not completely 
overcome their prior dyslexia. There are some interesting sim- 
ilarities between them and the dyslexic control group. Further, 
it appears there are subtle differences between true non- 
dyslexics and compensateds. 

2. If residual deficits remain, are these convergent with the pri- 
mary deficits found in other studies of dyslexia? 
Our previous research (Pennington et al. in press) has indicated 
that adult dyslexics have persistent problems with phoneme 
awareness skills. This, no doubt, has an impact on their ability 
to decode unfamiliar words. It is quite possible that this is re- 
flected in the compensateds' slower oral reading speed. There 
is less automaticity in decoding and, hence, slower reading. 
It would be very interesting to compare phoneme awareness 
and related phonological skills in a homogeneous group of dys- 
lexics, compensated dyslexics, and nondyslexics such as those 
in this study to explore whether or not compensated dyslexics 
have subtle deficits in this area. If such deficits were found, it 
would add strength to the position that phoneme awareness is 
the core deficit in dyslexia. 

3. Why are some people able to compensate for dyslexia while 
others are not? 
The answer to this question is not completely clear. What is 
clear is that it does not appear to be solely based on intelligence. 
It is very interesting that females in our study are so much more 
likely to compensate than males. The sex ratios in Felton's and 
Scarborough's work do not so clearly favor females. Again, this 
may be due to different methods of ascertainment. The high 
rate of female compensation in our study, assuming a genetic 
etiology, indicates a sex difference in penetrance in the genes 
causing dyslexia. 

Clinic samples such as those of Felton and Scarborough tend to be 
made up of a preponderance of males. Family samples do not show 
this preponderance. Our research and that of others (DeFries et al. in 
press) has found the sex ratios in familial samples such as ours are 
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about 1.5-1.8 males to one female. Shaywitz et al. (1990) found the sex 
ratio for reading disability in school-aged children is one male to one 
female. The Shaywitz study was based on children only, and the family 
studies are based on both children and adults. Perhaps the differences 
in sex ratios between the Shaywitz et al. study and the DeFries study 
result from more compensation by females (Pennington in press). Fur- 
ther research will be required to help us better to understand why 
some individuals compensate while others do not, and why females 
appear so much more likely to compensate. 
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