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Twenty-one dyslexic children, ages 9-15, were administered a battery of tests
on two occasions separated by 2 years to assess the development of word rec-
ognition and spelling. The majority of the subjects were receiving intensive small-
group instruction and one-on-one tutoring in reading and writing. Correlational
and regression analyses supported the assumption that phonological and ortho-
graphic processing are distinct but reciprocally related components of word rec-
ognition and spelling. However, phonological skill appeared to capture most of
the unique variance in word identification for dyslexics and younger normal readers
matched on word identification skill. Although the dyslexic children made sig-
nificant gains over 2 years in overall word identification skill and in aspects of
phonological and orthographic processing, they failed to show significant “catch-
up” in any component skills relative to age- and reading-level-matched normal
readers. In addition, dyslexics made little or no progress on a measure of phonemic
analysis, on a decoding task requiring processing at the level of the phoneme,
and at spelling words with unusual and irregular orthography. The results are
consistent with the hypothesis that dyslexic children have primary deficits in phono-
logical processing of speech and print and secondary deficits in orthographic
processing. © 1993 Academic Press, Inc.
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There is widespread agreement that word recognition is the primary
locus of reading difficulty for individuals with developmental dyslexia
(Jorm & Share, 1983; Perfetti, 1985; Stanovich, 1988). Longitudinal stud-
ies of children and follow-up studies of adults with a history of dyslexia
indicate that dyslexics continue to be poor at decoding unfamiliar words,
analyzing speech at the level of the phoneme, rapidly recognizing words
in isolation, and spelling words to dictation despite sometimes considerable
experience in remedial classes (Aaron & Phillips, 1986; Bruck, 1988, 1990,
1992; Kitz & Tarver, 1989; Pennington, Lefly, Van Orden, Bookman, &
Smith, 1987). An oft-mentioned hypothesis is that phonological difficulties
leading to a failure to master spelling—sound correspondences are a pri-
mary source of both word recognition and spelling problems among dys-
lexics (Bradley & Bryant, 1985; Bruck, 1990; Jorm & Share, 1983; Kamhi
& Catts, 1989; Liberman & Shankweiler, 1985; Olson, Wise, Conners,
Rack, & Fulker, 1989; Siegel & Ryan, 1988; Snowling, 1987; Stanovich,
1988; Vellutino & Scanlon, 1987).

Although phonological skills are undoubtedly important to the mastery
of both reading and spelling, orthographic processing skills may be an
additional source of variance (Cunningham & Stanovich, 1990; Juel, Grif-
fith, & Gough, 1986; Manis, Szeszulski, Holt, & Graves, 1990; Olson,
Kliegl, Davidson, & Foltz, 1985; Stanovich & West, 1989). Orthographic
processing can be defined as the ability to access visual-orthographic codes
for specific words. Cunningham and Stanovich (1990) demonstrated that
orthographic processing skill can account for variance in word recognition
among a random sample of 3rd and 4th graders even after variance due
to phonological processing is partialled out. The unique contribution of
orthographic processing appeared to be related in part to children’s ability
to recognize titles of familiar books, suggesting that orthographic pro-
cessing ability is partially determined by exposure to print. Stanovich and
West (1989) reported similar findings for coliege students.

Although phonological and orthographic skill are theoretically and em-
pirically separable, it is likely that the two component skills enter into a
reciprocal causal relationship with each other (Ehri, 1987; Jorm & Share,
1983). The ability to decode unfamiliar words may increase the number
of visual-orthographic codes the child can learn independently, as well
as direct the child’s attention to the sequence of letter codes in the word
(Jorm & Share, 1983). Conversely, the accumulation of information about
word spelling may enable the child to induce phonological “‘rules” or read
novel words by analogy (Glushko, 1979; Goswami, 1986). Connectionist
models of reading that have become influential recently pose a distinct
role for both orthographic and phonological information, but treat both
spelling—sound rules and memorized spellings of words as emergent prop-
erties of a system in which the reader learns to relate printed letter strings
to spoken words on an analogical basis (e.g., Seidenberg & McClelland,
1989).
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In previous studies employing a dyslexic sample, orthographic pro-
cessing skills have been shown to be somewhat independent of phonolog-
ical skill (Manis et al., 1990; Olson et al., 1985, 1989; Pennington et al.,
1987). However, these studies provide a mixed view of the relative im-
portance of phonological and orthographic processing problems in dys-
lexia. In the studies by Olson and colleagues (Olson et al., 1985, 1989)
dyslexics performed more poorly in phonological, but not orthographic,
processing than younger normal readers matched on word identification
skill. In contrast, Manis et al. (1990) found that dyslexics scored at a
lower level than reading-level-matched normal readers on more than one
measure each of phonological and orthographic processing. Pennington
et al. (1987) collected cross-sectional data from families participating in
a series of genetic linkage studies. They reported that dyslexics showed
age-related increases in both phonological and orthographic coding (as
reflected in spelling errors). Dyslexics “‘caught up” with chronological age
controls in adulthood in some areas of orthographic processing, but con-
tinued to show marked deficits in phonological processing.

Previous studies of component word identification in dyslexic children
leave a crucial question unanswered. What is the developmental course
of phonological and orthographic skills? We know that dyslexic individuals
exhibit serious phonological processing deficits from childhood through
adulthood (e.g., Bruck, 1990, 1992; Olson et al., 1989; Pennington et al.,
1987), and there is some evidence of serious deficits in orthographic pro-
cessing skill in adolescence (Manis et al., 1990). However, it is unclear
whether orthographic skills improve relative to phonological skills over
time. According to Frith (1985), classic developmental dyslexia involves
a failure to develop an effective means of spelling—sound translation.
Hence, dyslexics can only learn to read more effectively if they bypass
phonological codes and build up visual-orthographic codes for individual
words (Pennington et al., 1987). These arguments lead to the testable
prediction that dyslexics should show greater gains in orthographic than
in phonological processing over time.

To examine developmental change in component reading and spelling
skills, we gave a battery of tasks to 21 dyslexic children on two occasions
separated by 2 years. Scores on all of the measures were collected on a
single occasion from normally achieving readers at each of grades 2-8,
permitting comparison of the dyslexics’ performance to chronological-age-
and reading-level-matched groups.

METHOD

Subjects

Twenty-one dyslexic children were tested on two occasions separated
by approximately 2 years. They were obtained from an original sample
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TABLE 1
CoMPARISON OF LONGITUDINAL SAMPLE TO ORIGINAL SAMPLE
Original Longitudinal
sample sample
Variable (N = 52) (N =21)
Estimated WISC-R 1Q score
M 108.2 109.6
SD 10.8 10.1
Woodcock Word Identification Grade Equivalent
score
M 39 4.0
SD 0.9 1.0
Woodcock Word Identification percentile score
M 13.8 11.8
SD 10.2 93
Age (in months)
M 141.0 143.0
SD 16.4 24.0

of 52 dyslexics tested in 1987. At the second testing (1989), an attempt
was made to contact all of the original subjects. Eleven had moved out
of the area, and of the remaining 41, 21 agreed to participate in the
follow-up study. The subsample was very similar to the original sample
in IQ, reading achievement, and age. Descriptive information is shown
in Table 1. None of the differences between the original and the returning
samples were statistically significant.

The 21 subjects participating in both testings came from five public and
two private schools in predominantly middle- to upper-middle-class areas
of Los Angeles and Orange counties. At the first testing, they were
selected for the study if they scored below the 35th percentile on the
Woodcock Reading Mastery Test, Word Identification subtest (Wood-
cock, 1973) and obtained an estimated IQ score of 90 or higher on a
reduced version of the Wechsler Intelligence Scale for Children—Revised
(WISC-R) (Wechsler, 1974). The Vocabulary, Similarities, Block Design,
and Picture Completion subtests were given. According to Sattler (1982),
this reduced version of the WISC-R has an expected correlation of .94
with the full-scale WISC-R. Subjects were tested between June and Sep-
tember in both years (1987, 1989), with the exception of three subjects
from one family who were not tested until December on both occasions.
The average time interval between testings was 24.7 months, with a range
of 23 to 27 months.

The normally achieving sample was recruited in 1987 from five public
schools in a predominantly middle-class area of Los Angeles county in
two steps. First, parents of students scoring at or above grade level in
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overall reading (composite word recognition and comprehension) on a
group achievement test were asked permission to test their child. Second,
students whose families assented were given the same two screening tests
that the dyslexics were given. Children were placed in the normal reader
comparison group if they obtained a Woodcock Word Identification score
at the 50th percentile or higher and an estimated WISC-R 1Q score of
90 or higher. There were 12 subjects at each grade level from the 2nd
through 8th grade, with the exception of the 2nd grade, from which 20
subjects were obtained. All normal readers were tested in the months of
March, April, or May 1987.

General Description of Procedures

A battery of tasks designed to measure the component skills of phono-
logical and orthographic processing, as well as aspects of written spelling
was given to each subject. Three of the tasks were presented on an Apple
Ile computer with a green monochrome monitor. In each task, trials began
with a fixation point (a right-pointing arrow) displayed in the center of
the screen. It was followed 500 ms later by a warning signal (the standard
keyboard bell sound produced by the Apple lle). The signal was followed
750 ms later by a word or pseudoword stimulus displayed immediately to
the right of the fixation arrow. The fixation arrow was taken off the screen
immediately prior to onset of the word or pseudoword. The stimulus
remained on the screen until the subject pronounced it aloud (in the case
of the psendoword pronunciation task), or until a yes or no button was
pushed (in the case of the homonym and orthographic verification tasks).

Voice responses were detected by means of a Gerbrands Model Voice
Operated Relay connected to the computer. Pushbutton responses were
obtained by means of a metal or wood response panel containing two 1-
inch-diameter plastic buttons separated by 4 inches and mounted on a
slanted surface. The left button was labeled “NO” and the right button
“YES.” The buttons were connected to two microswitches, which in turn
were connected to the computer. The computer recorded latency from
the onset of the stimulus on the screen to the onset of the vocalization
or button press to the nearest millisecond. Response accuracy was re-
corded by keying in a response code to the computer in the case of the
pronunciation task, and automatically by the computer in the case of the
pushbutton tasks. Subjects were instructed on all three tasks to respond
as quickly and accurately as possible. The computer calculated number
correct and median latency on correct trials for each of the three tasks.
Less than 1% of pronunciation trials was lost due to equipment mal-
function, extraneous noise in the test environment, or experimenter error.

Tasks were administered in the order indicated below. These tasks were
part of a larger battery. The complete battery was administered in four
to five sessions each lasting 35-45 min.
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Phonological Processing Measures

Phoneme deletion. In this task, the experimenter pronounced a pseu-
doword (e.g., ‘“sparf”), the child repeated it to make sure s/he had
accurately encoded it, and the child was then asked to pronounce it without
one of the phonemes (e.g., ‘‘sparf” without the /p/ is ‘‘sarf””). The task
was designed to tap the ability to analyze the phonemic constituents of
spoken words. It is similar to several other tasks purporting to measure
phonemic awareness. Of the many tasks of this type, phoneme deletion
has been shown to be one of the most reliable among kindergarten subjects
(Yopp, 1988). In addition, previous work by the authors has shown it to
be free from ceiling effects among older children, adolescents, and adults
(Manis et al., 1990; Szeszulski & Manis, 1990).

There was a wide variety of items, including deletion of initial single
consonants (e.g., delete /t/ from /top/), deletion of a portion of an initial
consonant blend (e.g., delete /r/ from /gréb/; delete /s/ from /slok/),
deletion of a final single consonant (e.g., delete /f/ from /blif/), deletion
of a portion of a final consonant blend (e.g., delete /1/ from /zelt/), and
deletion of a portion of a consonant blend within a two-syllable word
(e.g., /1/ from /glimsan/; delete /d/ from /gardém/). There were four
practice trials and 22 experimental trials. Right/wrong feedback was given
on the practice trials, but not on the experimental trials. To be scored
correct, the subject had to produce the entire response correctly. The
split-half reliability (odd/even, Spearman-Brown corrected) of the pho-
neme deletion task was .85 for the total sample (dyslexics at time 1, CA
and reading novel comparison groups combined).

Pseudoword pronunciation. The children were shown a single pseu-
doword on a computer screen and asked to pronounce it accurately and
quickly into a microphone. Three types of pseudowords were inciuded,
16 one-syllable pseudowords with common spelling patterns (e.g., nug,
blate, yaid, and neap), 12 one-syllable pseudowords with no close ortho-
graphic neighbors (“nonanalog” pseudowords) (e.g., phuve, skoce,
shairb) and 8 two-syllable pseudowords with common spelling patterns
(e.g., metion, stining), for a total of 36 experimental stimuli. With the
exception of the nonanalog pseudowords, all of the stimuli were created
by changing one letter of a real word in order to form a nonsense word.

The purpose of the task was to measure the ability to translate an
orthographic code into a phonological code. The stimuli without close
orthographic neighbors provided a measure of ability to decode from print
to sound at the level of individual consonant blends, vowels, and vowel
and consonant digraphs.

All pseudowords were presented on the computer screen in oversized
lowercase lettering created by a graphics program. The letters were ap-
proximately twice the size of the standard lowercase letters on the Apple
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Ile. Four practice items were presented, and any errors in pronunciation
were corrected by the experimenter. Following the practice, the 36 ex-
perimental items were shown. A single random order was used for all
subjects, with all three types of pseudoword intermixed. No right/wrong
feedback was given on experimental trials. The split-half reliabilities for
the total sample for the number correct and reaction time measures,
summing across conditions (odd/even, Spearman-Brown corrected), were
.91 and .86, respectively.

Orthographic Processing Measures

Orthographic verification. In this task, children were asked to listen to
the experimenter pronounce a word twice. They were then shown a spell-
ing of the word on the computer screen and asked to decide whether it
was correct (e.g., “woman”—woman) or not (“street”—streat) and press
the appropriate yes or no button.

There were 6 practice and 28 experimental trials. The items used on
experimental “yes” trials were: although, leave, machine, travel, woman,
beside, sleep, surprise, health, beach, smile, library, police, and stomach.
The items used on experimental “no” trials were all phonetic equivalents
of a target word (target word in parentheses): amung (among), frend,
(friend), leest (least), streat (street), baiby (baby), bizness (business),
afrade (afraid), traid (trade), thred (thread), taist (taste), laff (laugh),
saifty (safety), cumpleat (complete), throte (throat). The split-half reli-
abilities (odd/even, Spearman-Brown corrected) for the total sample, for
the reaction time and number correct measures, were .84 and .51, re-
spectively.

Homonym verification. This task required subjects to listen to the ex-
perimenter read a homonym aloud and use it in a sentence. A printed
homonym was displayed on the computer screen. The subject decided
whether the homonym on the screen was the correct one (e.g., “week—
Monday is the first day of the week.” . .. week) or not (“bear—The
bear was hungry.” . . . bare) and pressed the appropriate yes or no button.

There were 6 practice trials, followed by 28 experimental trials. The
items used on experimental yes trials were: piece, whether, seem, week,
son, tail, meat, board, raise, deer, flower, weigh, waste, and sale. The
items used on experimental no trials (with the actual homonym prompted
for in parentheses) were: road (rode), blue (blew), wood (would), sent
(scent), pair (pair), weight (wait), hole (whole), break (brake), sell (cell),
threw (through), male (mail), bare (bear), pale (pail), role (roll). The
split-half reliabilities (odd/even, Spearman-Brown corrected) for the total
sample, for the reaction time and number correct measures, were .87 and
.66, respectively.

As with measures of orthographic processing used in past studies (Cun-
ningham & Stanovich, 1990; Olson et al., 1985; Stanovich & West, 1989),
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neither of the two tasks used in the present study can be considered to
be a “pure” measure of orthographic processing, as it is possible that
subjects phonetically recode the stimuli prior to retrieving and comparing
an orthographic representation to the target word. A prediction that fol-
lows from this hypothesis is that subjects should make a large number of
false positive responses. This prediction will be tested below. Nevertheless,
in order to achieve high accuracy on both orthographic processing tasks,
subjects must discriminate between correct and phonetically plausible
spellings. Hence, they must access an orthographic representation at some
point after the word is displayed on the screen.

Experimental Measures of Spelling

The study aims called for a measure of spelling ability. Since existing
standardized spelling tests confound the phonological and orthographic
aspects of spelling, two experimental tasks were designed to distinguish
between the two types of spelling ability.

Pseudoword spelling. Subjects listened to the experimenter pronounce
a pseudoword twice. The subject repeated it and any errors were cor-
rected. The subject then spelled the pseudoword on a sheet of paper.
Subjects were instructed to spell the nonsense word exactly as they heard
it. There were 18 items, administered in the following order for all sub-
jects: /dit/, /sog/, /tab/, /vam/, /fop/, /jét/, /vit/, /gléd/, /cham/,
/salt/, /bléth/, /thradvard/, /trauded/, /wifest/, /flith/, /16siskabal/.
Items were scored correct if the subject gave each phoneme in the item
a phonetically plausible spelling. To be scored as phonetically plausible,
the spelling of each phoneme had to occur at least once in the corpus of
words tabulated by Hanna, Hanna, Hodges & Rudorf (1966). For ex-
ample, acceptable spellings of /jét/ included: jeet, jeat, jete, jiet, jeit,
geet, geat, gete, giet, and geit. A liberal scoring criterion was adopted
in the present study, as in a number of past studies (e.g., Bruck & Waters,
1988, 1990; Moats, 1983), because the intent of the task was to measure
whether subjects could track the sounds of the pseudoword successfully
and assign a plausible spelling to each sound. The split-half reliability
(odd/even, Spearman-Brown corrected) for the total sample was .76.

Irregular word spelling. Subjects listened to the experimenter pronounce
a word once, use it in a sentence, and pronounce it again. They were
asked to spell each word on a sheet of paper. Each word had an irregular
spelling—-sound or sound-spelling correspondence or was a member of a
homonym pair, thus necessitating the use of word-specific information to
spell it. There were 30 items, administered in the following order for all
subjects: said, two, your, one, shoe, people, where, their, gone, right,
wear, there, sugar, write, enough, weigh, whole, course, eight, beauty,
business, foreign, sergeant, schedule, limousine, champagne, psychology,
sithouette, ensemble, and jeopardize. Four of the items were eliminated
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at the second testing to shorten the overall length: right, write, weigh,
and eight. To avoid subjecting poor spellers to the entire list, the exper-
imenter administered a minimum of 20 items to each subject and after
that stopped whenever a subject had missed five in a row. The maximum
score at Time 1 was 30, and the maximum score at Time 2 was 26. The
split-half reliability (odd/even, Spearman-Brown corrected) for Time 1
scores for the total sample was .88.

RESULTS

Three sets of analyses are reported below. The first set was concerned
with the construct validity of the measures of phonological and ortho-
graphic skill. Hierarchical regression analyses within groups were utilized
to explore the independence of the two domains of processing. In a second
set of analyses, comparisons of dyslexics’ performance at each time period
(Time 1 or Time 2) to appropriate chronological age (CA)- and reading-
level-matched groups were carried out to address the issue of whether
dyslexics caught up over the 2-year period to the level attained by normal
readers. The third set of analyses concerned changes over the 2-year period
in component word identification and spelling skills among dyslexics. Com-
parisons of means at Time 1 and Time 2 were used to assess developmental
change. Correlations of Time 1 and Time 2 scores were used to assess
the stability of individual differences in phonological and orthographic
skill within the dyslexic sample. Normal readers’ development could not
be examined directly as this group was tested on only one occasion.

Correlational and Regression Analyses

The correlations among all of the major variables in the study for the
Time 1 testing are shown in Table 2 for each group, dyslexics (N = 21),
CA comparison group (5th-7th grade, N = 36), and reading-level (RL)
comparison group (2nd-3rd grade, N = 32) with age and IQ partialied
out. Accuracy scores are based on total percentage correct. Speed scores
were calculated for each subject by taking the reciprocal of the median
latency on correct trials only. Speed, rather than latency, scores were
used in this analysis so that a positive correlation would be associated
with better (i.e., more accurate, faster) scores. Table 2 reveals that speed
and accuracy tended to be positively correlated for each of the three
measures on which both scores were obtained. Hence, no evidence of
speed—accuracy trade-offs was obtained. However, the speed-accuracy
correlations were not statistically significant for any of the three measures,
with the exception of orthographic verification for dyslexic children.

Table 2 reveals that Woodcock Word ldentification was significantly
correlated with pseudoword pronunciation accuracy and speed, and with
orthographic verification accuracy and irregular word spelling for dyslexic
children, independently of age and 1Q. Word identification scores were
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TABLE 2
AGE- AND IQ-ADJUSTED CORRELATIONS AMONG VARIABLES FOR DvsLexics AT TiME 1,
READING LEVEL AND CA CompaRISON GROUPS

73

Variable 1 2 3 4 5 6 7 8 9 10
(A) Dyslexics (N = 21)
1. Pseudoword pron. acc. — 28 45 20 14 12 -30 82 26 57
2. Pseudoword pron.
speed — 23 38 09 03 10 46 09 44
3. Phoneme deletion — 26 -15 33 ~-16 51 2 33
4. Ortho. verif. acc. — 47 44 14 28 60 50
5. Ortho. verif. speed — 05 48 04 40 30
6. Homonym verif. acc. — 15 -16 43 09
7. Homonym verif. speed — =37 22 33
8. Pseudoword spelling —_ 12 57
9. Irreg. word speiling — 47
10. Woodwock Word Iden. —
(B} Reading level comparison group (2nd-3rd grades) (N = 32)
1. Pseudoword pron. acc. — 08 69 36 22 22 05 65 32 44
2. Pseudoword pron.
speed. — -06 25 27 =21 37 -10 28 22
3. Phoneme deletion —_ 22 43 06 -~04 51 06 19
4. Ortho. verif. acc. — =05 05 22 17 57 33
5. Ortho. verif. speed — 07 53 -3 22 22
6. Homonym verif. acc. — 13 16 34 33
7. Homonym verif. speed — =03 26 24
8. Pseudoword spelling — 19 12
9. Irreg. word spelling — 45
10. Woodcock Word Iden. —
(C) CA comparison group (6th-8th grades) (N = 36)
1. Pseudoword pron. acc. — 32 31 16 30 04 19 32 43 25
2. Pseudoword pron.
speed — 37 08 18 26 10 06 32 31
3. Phoneme deletion - =01 -17 46 -~-22 65 26 22
4. Ortho. verif. acc. — 26 25 11 04 38 05
5. Ortho. verif. speed — 20 83 15 41 56
6. Homonym verif. acc. — ~16 08 46 -10
7. Homonym verif. speed — =31 4 42
8. Pseudoword spelling -02 10
9. Irreg. Word Spelling — 48
10. Woodcock Word Iden. —

Note. Correlations were significant at the .05 level (two-tailed) if larger than .43 for Part

A, .36 for Part B and .34 for Part C.
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significantly associated with pseudoword pronunciation accuracy and ir-
regular word spelling for the RL comparison group, and with orthographic
and homonym verification speed and irregular word spelling for the CA
comparison group. The pattern of correlations among phonological and
orthographic variables indicated some degree of independence of these
two aspects of reading and spelling for the dyslexic and RL groups. For
example, pseudoword pronunciation accuracy was more strongly related
to pseudoword spelling and to phoneme deletion than to orthographic
tasks for both the dyslexic and RL groups. The orthographic tasks showed
generally weaker relationships with other variables, with the exception of
orthographic verification accuracy, which correlated significantly with ir-
regular word spelling, but not with any of the phonological variables for
the dyslexic and RL groups. The CA group’s pattern differed from the
other two groups in that accuracy scores showed weak to nonexistent
associations with other measures, phonological variables showed some
moderate relationships with orthographic variables (e.g., phoneme dele-
tion and homonym verification accuracy), and orthographic and homonym
verification speed were strong predictors of irregular word spelling and
word identification.

Thus, although the small sample size and variations in reliabilities of
the measures make interpretation of differences in the sizes of correlations
difficult, the data for the dyslexic and RL groups are consistent with the
view that phonological and orthographic skill are partially independent
domains and that both are related to word identification. The different
pattern displayed by the CA controls may mean that speed, rather than
accuracy, measures are the most important predictors at advanced levels
of reading skill.

To further explore the independence of phonological and orthographic
skills, hierarchical regression analyses were carried out separately for each
group using pseudoword pronunciation accuracy and speed and ortho-
graphic verification accuracy and speed as the predictor variables and
word identification as the criterion variable. The pseudoword pronunci-
ation and orthographic verification tasks were chosen to represent the
phonological and orthographic domains, respectively, as these variables
showed higher partial correlations with the word identification variable
than either phoneme deletion or homonym verification. The actual order
of entry of variables for the first series of regressions was age, estimated
WISC-R 1Q, pseudoword pronunciation accuracy and speed, and finally
orthographic verification accuracy and speed.

The purpose of this analysis was to explore whether orthographic skill
accounted for reliable variance in word identification after age, 1Q, and
phonological skill were partialled out (in the same manner as in Cun-
ningham and Stanovich, 1990). The cumulative R* and R” change at each
step in the regression, as well as significance tests, are shown in Table 3.
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TABLE 3
HieERARCHICAL REGRESSIONS PREDICTING WORD IDENTIFICATION SCORES FOR DYSLEXICS, READ-
ING LEVEL AND CA CoMPARISON GROUPS—PHONOLOGICAL VARIABLES ENTERED BEFORE OR-
THOGRAPHIC VARIABLES

Step Variable R? R? Change F to enter
(A) Dyslexics (N = 21)
1 Age .68 .68 2.52%
2 WISC .69 .01 .88
3 Pseudoword pron. accuracy .79 10 1.68**
4 Pseudoword pron. speed .82 03 1.22
5 Ortho. verif. accuracy .85 .03 1.77
6 Ortho. verif. speed .87 02 1.25
(B) Reading level comparison group (N = 32)
1 Age .19 .19 1.62*
2 WISC .19 00 25
3 Pseudoword pron. accuracy .35 16 1.61*
4 Pseudoword pron. speed 37 02 1.05
5 Ortho. verif. accuracy .39 02 .94
6 Ortho. verif. speed .46 07 1.33
(C) CA comparison group (N = 36)
1 Age 21 21 1.72**
2 WISC 31 10 1.46*
3 Pseudoword pron. accuracy .35 04 1.19
4 Pseudoword pron. speed .39 .04 1.19
5 Ortho. verif. accuracy .39 .00 .51
6 Ortho. verif. speed .56 17 1.81**
* p < .05
* p < .01
*** p < 001

The second series of analyses (displayed in Table 4) was focused on the
issue of whether phonological skill would account for reliable variance
when entered after orthographic accuracy and speed.

Results for dyslexics and the RL group were similar and will be con-
sidered first. Table 3 reveals that pseudoword pronunciation accuracy
accounted for a significant 10% of the variance in Woodcock Word Iden-
tification for dyslexics, and 18% for the reading level comparison group,
even after age and 1Q were partialled out, illustrating the importance of
phonological decoding skills for isolated word identification. Pseudoword
pronunciation speed and orthographic verification accuracy and speed did
not account for significant amounts of vaniance for either group. Tabie 4
reveals that pseudoword pronunciation accuracy still accounts for a sig-
nificant proportion of word identification variance, even when age, 1Q,
and orthographic verification are entered first. Orthographic verification
accuracy accounted for similar amounts of word identification variance
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TABLE 4
HierARCHICAL REGRESSIONS PREDICTING WORD IDENTIFICATION SCORES FOR DYSLEXICS, READ-
ING LEVEL AND CA CoMPARISON GROUPS—ORTHOGRAPHIC VARIABLES ENTERED BEFORE PHON-
OLOGICAL VARIABLES

Step Variable R? R? Change F to enter
(A) Dyslexics (N = 21)
1 Age .68 .68 2.52%**
2 WISC .69 .01 .88
3 Ortho. verif. accuracy 77 .08 1.55*
4 Ortho. verif. speed 77 .00 .60
5 Pseudoword pron. accuracy .85 .08 1.70*
6 Pseudoword pron. speed .87 .02 1.15
(B) Reading level comparison group (N = 32)
1 Age 19 .19 1.62*
2 WISC .19 .00 .25
3 Ortho. verif. accuracy .28 .09 1.37
4 Ortho. verif. speed .33 .05 1.16
5 Pseudoword pron. accuracy .46 13 1.59*
6 Pseudoword pron. speed .46 00 .59
(C) CA comparison group (N = 36)
1 Age 21 21 1.72**
2 WISC 31 .10 1.46*
3 Ortho. verif. accuracy 31 .00 53
4 Ortho. verif. speed .53 22 1.93%*>
5 Pseudoword pron. accuracy .54 01 79
6 Pseudoword rpon. speed .56 .02 1.10
*p < .05
* p < 0L
i p < .001

when entered before the phonological variables, but the R* change was
significant for dyslexics only.

The analyses for the CA group (see Tables 3 and 4) revealed that only
orthographic verification speed accounted for a significant proportion of
word identification variance (whether entered before or after pseudoword
pronunciation).

The correlational analyses indicated that phonological and orthographic
skill are somewhat independent components of reading. However, the
regression analyses did not provide strong support for the contention in
previous studies (e.g., Cunningham & Stanovich, 1990) that orthographic
skill accounts for unique variance in word identification after phonological
skill is partialled out, with the exception of the CA comparison group,
in which only the speed measure was a reliable predictor of word iden-
tification. Thus, for dyslexics and normal readers matched on reading
level, phonological and orthographic skill appear to measure overlapping
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domains, and phonological skill appears to be the stronger predictor of
word identification.

Comparisons to Grade-Level and Reading-Level Comparison Groups

Whether or not dyslexics “‘catch up” to the level of performance es-
tablished by normal readers over a 2-year period can be addressed by
comparing the dyslexics’ scores at Time 1 and Time 2 with scores provided
by good readers at corresponding grade levels at Time 1. Such a com-
parison tends to favor dyslexics, as they were exposed to the test stimuli
twice, whereas the normal readers were only exposed a single time. How-
ever, it scems unlikely that practice effects would occur across a 2-year
span.

Chronological age-matched comparisons. The dyslexic sample was
closely matched in age to the 6th grade normal readers at Time 1 and to
the 8th grade normal readers at Time 2. Table 5 lists mean age, estimated
WISC-R and Word Identification scores, as well as scores on the exper-
imental tasks. It can be readily seen that not only did dyslexics score far
below the normal readers on nearly all measures at Time 1, but they
showed no overall signs of catching up at the Time 2 comparison. The
overall multivariate analysis of variance was significant for the Time 1-
6th grade comparison, F(13, 16) = 4.80, p < .01, and for the Time 2-
8th grade comparison, £(13, 19) = 6.67, p < .001. The CA comparison
groups scored significantly higher than the dyslexics on all univariate tests,
with the exception of age and estimated WICS-R 1Q.

Reading-level comparisons. A fairly close matching of Woodcock Word
Identification scores at Time 1 was obtained by comparing dyslexics to
2nd grade normals and at Time 2 by comparing them to the mean of the
3rd and 4th graders. Mean Woodcock scores, ages, estimated 1Qs and
scores on all experimental tasks are shown in Table 5. Multivariate anal-
yses of variance were significant for the Time 1-2nd grade comparison,
F(13, 23) = 3.66, p < .01, and for the Time 2-3rd/4th grade comparison,
F(13, 31) = 12.86, p < .001. Results of univariate analyses revealed that
at Time 1 the dyslexics performed more poorly than the RL group on all
accuracy measures except two-syllable pseudoword pronunciation, pseu-
doword spelling, and homonym verification no-trials. They were somewhat
slower at pseudoword pronunciation (significant only in the case of the
one-syllable stimuli), but no other RT differences were significant. Similar
results were obtained for Time 2. However, the dyslexic~RL contro}
difference was noticeably greater at Time 2 for four measures: nonanalog
pseudoword pronunciation accuracy and RT, phoneme deletion, and ir-
regular word spelling.

Comparison of yes and no trial data. The existence of response biases
on the orthographic tasks was investigated by comparing time and accuracy
on the yes and no trials. Yes trials were generally faster than no trials



TABLE 5
CoMpARrIsSON OF DysLExic AND CA AND READING LeVEL CoMPariSON GrouP MEANS

D