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This 2-volume series on orthography is dedicated to ongoing
dialogue and scientific investigation about the varieties of
orthography knowledge and their role in reading and writing
acquisition.
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PREFACE

The role of orthography in reading and writing is not a new
topic of inquiry. For example, in 1970 Venezky made a seminal
contribution with The Structure of English Orthography in which
he showed how both sequential redundancy (probable and
permissible letter sequences) and rules of letter-sound
correspondence contribute to orthographic structure. In 1980
Ehri introduced the concept of orthographic images, that is, the
representation of written words in memory, and proposed that
the image is created by an amalgamation of the word’s
orthographic and phonological properties. In 1981 Taylor
described the evolution of orthographies in writing
systems—from the earliest logographies for pictorial
representation of ideas to syllabaries for phonetic representation
of sounds to alphabets for phonemic representation of sounds.
In 1985 Frith proposed a stage model for the role of
orthographic knowledge in development of word recognition:
Initially in the logographic stage a few words can be recognized
on the basis of partial spelling information; in the alphabetic
stage words are recognized on the basis of grapheme-phoneme
correspondence; in the orthographic stage spelling units are
recognized automatically without phonological mediation. For
an historical overview of research on visual processing of
written language spanning the earliest records of writing to the
early work in experimental psychology, see Venezky (1993).

During the past two decades, however, the role of
orthography has not received as much attention as has the role
of phonology in reading and writing acquisition. This lack of
attention to orthography is ironic because during the same two
decades substantial converging evidence has verified that in
normal readers visual information in printed words is
processed fully and not merely sampled to test top-down
hypotheses (Rayner & Pollatsek, 1989). What might account for
this lack of attention to orthography?

One contributing factor proposed by Willows and her co-
editors in their recent book, Visual Processes in Reading and
Reading Disabilities, is that research on the visual processes in
reading is widely scattered throughout diverse literatures.
Thus there is need for volumes like theirs and this 2-volume
series to provide a common forum for research on orthography
from diverse perspectives.

Another contributing factor has been the lack of clarity about
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xii

the distinction between non-orthographic visual processes and
orthographic processes (Berninger, 1990, 1991, 1994). Not all
visual processing is orthographic processing, which is visual
processing specific to written words. Much of the early
research on the role of visual perception and visual memory in
reading disabilities used non-linguistic visual stimuli such as
geometric figures and line drawings. Thus, whenVellutino
argued that linguistic factors rather than visual perception and
visual memory were causal mechanisms in dyslexia (Vellutino,
1979a), he was not ruling out orthographic factors (Vellutino,
1979b). This 2-volume series will focus exclusively on
orthographic knowledge specific to written words and will not
deal with the relationship between the physiology of vision and
the acquisition of orthographic knowledge (see Willows et al.,
1993, especially chapters 4, 5, and 14).

Yet another contributing factor was the paradigm shift in the
early 1980’s from research on the visual perceptual deficit
hypothesis to the linguistic deficit hypothesis of dyslexia. This
shift was due in large part to the pioneering efforts of Liberman
and Shankweiler and their colleagues at the Haskins Laboratory
(e.g., their 1974 article in the Journal of Experimental Child
Psychology) regarding the role of phonology in beginning
reading andVellutino’s persuasive demonstration of the
linguistic nature of reading disabilities in his influential 1979
book, Dyslexia: Theory and Research. This paradigm shift was
maintained, in large part, by the considerable number of
subsequent studies confirming the role of phonology and other
linguistic factors in reading (e.g., Brady & Shankweiler, 1991).
‘A consequence of this paradigm shift was that research on
orthography was less fashionable although it did not come to a
standstill (e.g., Aaron & Joshi, 1987; Henderson, 1984;
Templeton & Bear, 1992).

Still another contributing factor is theoretical. We lack a well
established theory of orthography and its role in reading and
writing acquisition. In contrast, a well established theory of
phonology developed by Liberman, Cooper, Shankweiler, and
Studdert-Kennedy (1967) predated research on the role of
phonology in reading acquisition and this clearly articulated
theory may have facilitated the progress we have made in
understanding the role of phonology in learning to read. A
major purpose of Volume I of this 2-volume series is therefore
to integrate existing work on orthography to stimulate thinking
about a theoretical framework to guide future research and to
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use in evaluating existing research. Such theory must take into
account changes in orthographic knowledge over skill
development as reading and writing are developmental
processes. Also, as Wagner and Barker (chapter 7) conclude,
such theory should integrate orthographic and phonological
processing in a comprehensive model.

A final contributing factor is methodological. Orthography
and phonology are probably confounded in the normal reading
and writing process, rendering it difficult to design tasks that
measure orthography independently of phonology or
phonology independently of orthography. Volume II of this 2-
volume series will therefore consider alternative
methodological approaches (experimental, electrophysiological,
and statistical) for dissecting analytically processes that are
functionally integrated.

Despite these five factors contributing to the relative neglect
of orthography, a paradigm shift may be looming in which
attention is switching from a relatively exclusive focus on
phonology to increasing attention to the relationship between
orthography and phonology (e.g., Gough, Ehri, & Treiman,
1993). Orthographic-phonological relationships are therefore
examined in both volumes. Yet each volume has a unique
focus.

Volume I explores a number of theoretical issues, often from
a developmental perspective. What are the different kinds of
orthographic knowledge that have been investigated and
discussed in the literature? Which kinds of orthographic
knowledge are most relevant at various stages of literacy
acquisition? Which tasks tap each of these kinds of knowledge?
Is orthographic knowledge constrained by genetic inheritance?
Is orthographic knowledge constrained by linguistic universals
common to all languages or is it unique to specific languages?
What role does oral language, for example, naming skills, play
in acquiring knowledge of orthographic structure? What role
does knowledge of letter-sound relationships play in acquiring
phonological awareness, which in turn plays an important role
in learning to read and spell? How early in development is
orthographic awareness acquired? Do orthographic measures
account for unique variance in reading or writing over and
beyond that accounted for by phonological measures alone? Is
orthographic processing important only in word recognition in
isolation or also in context? What are the implications of the
alternative theories such as dual route theory or connectionism
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for the study of orthographic knowledge?

Volume II focuses on orthographic-phonological,
orthographic-spelling, and orthographic-reading relationships.
An overview of the basic principles of orthographic-sound
relationships is provided. A theoretical model of the multiple
sources of orthographic and orthographic-phonological
knowledge contributing to skilled, fluent reading is proposed.
New approaches to the study of spelling are discussed:
investigation of developmental and individual differences in
strategy use and of retention of spelling knowledge over time.
The importance of orthography in normal and disabled reading
and in reading isolated words versus connected text is
explored. Three methodologies for analytically teasing apart
the independent contribution of orthography and phonology
are presented: experimental manipulations of a novel alphabet
with orthographic but not phonological properties;
electrophysiological techniques for detecting differences in
brain response on orthographic and phonological tasks; and
statistical techniques such as analysis of covariance structures
in structural equation modeling for assessing the relative
contribution of correlated factors to explaining the variance in
reading or writing skills.

As pointed out by Wagner and Barker in Volume ], at present
there is no consensus about which tasks are most appropriate
for measuring orthographic skills or even if orthographic skills
are important in understanding literacy acquisition.
Contributors to this 2-volume series offer a diversity of
perspectives on orthography, but support the position that
orthography is relevant to literacy. They differ in their
theoretical orientation and measurement approach. Our goal is
to promote constructive dialogue about the theoretical and
measurement issues. Ultimately, the most appropriate
measures of orthography will probably depend on the research
question at hand; and the perceived importance of orthography
will depend on a conceptual framework that recognizes that
orthography is both separate from and functionally intertwined
with phonology.
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VIRGINIA W. BERNINGER

INTRODUCTION TO THE VARIETIES OF
ORTHOGRAPHIC KNOWLEDGE I: THEORETICAL AND
DEVELOPMENTAL ISSUES

Visual processes in reading have been studied for over a
century by experimental psychologists and neuropsychologists
(Venezky, 1993). However, advances in psycholinguistics over
the past two decades led to a relative focus on the linguistic
aspects of reading, particularly the phonological processes
involved, and a relative neglect of the visual processes.
Recently interest in the visual processes involved in reading
and writing the orthography of the language has reappeared
(Willows, Kruk, & Corcos, 1993), but the lack of consensus on
how to define orthographic processes and measure them has
impeded progress.

DEFINITIONAL ISSUES

One reason for the lack of consensus on how to measure
orthographic processing (see Table 1 in chapter 7 by Wagner &
Barker) is that orthographic processing involves multiple kinds
of orthographic knowledge and different investigators are
focusing on different kinds of orthographic knowledge. The
schema in Table 1 summarizes the kinds of orthographic
knowledge discussed in the literature and proposes whether
their representation in memory is declarative or procedural.
Declarative representations contain knowledge about the
writing system. The content or structure of a visible word is
represented and can be accessed; or relationships between
spoken and written forms of words are stored that can be
accessed in translating written words into spoken words or
spoken words into written words; or linguistic awareness of
properties and functions of written words is represented.
Procedural representations, on the other hand, contain
procedures of mind (Kolers & Roediger, 1984) for acting upon
representations of written words in the mind’s eye. These
procedures play a role in creating declarative representations of

1

V.W. Berninger (ed.), The varieties of orthographic knowledge I: Theoretical and
developmental issues, 1-25.
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2 VIRGINIA W. BERNINGER

Table 1
Varieties of Orthographic Knowledge Declarative  Procedural
Knowledge Knowledge
Crthographic Structure X

spatial redundancy
sequential redundancy (based on statistical
probability or orthographic structure rules)

Orthographic Coding (accuracy and speed) X
whole word (its constituent letters)
letter in a word
letter cluster in a word

Orthographic-Linguistic Mapping (bidirectional)
Orthographic Code Connections to X

phonological codes
name code (whole word)
syllable
onsets and rimes
phoneme(s)

semantic/ morphemic /syntactic codes

Spelling-Sound Knowledge X
Spelling-Semantic/Syntactic Knowledge X

Internal Lexicon (Storage) X
partial orthographic images
complete orthographic images
interconnections with phonological,
semantic, and syntactic representations
rules t+ exceptions

Metacognitive Knowledge about the

Writing System
Concepts of Print X
Concepts of Processing Print X
Strategies X

words in memory and in accessing those declarative
representations. Procedural representations may also underlie
strategies for utilizing orthographic knowledge. The various
kinds of orthographic knowledge most likely come from
exposure to and interaction with reading materials and from
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experience in writing. After providing a brief overview of each
of the various kinds of orthographic knowledge, I discuss
which of these kinds of knowledge is the focus of each
contributor to Volume L

Orthographic Structure. Mason (1975) studied sixth graders and
showed that good readers and poor readers differed in
utilization of spatial redundancy information, which arises from
the relationship among distinctive visual features and certain
letters occurring more often in certain positions than others, but
not from utilization of distinctive visual features (like curves,
angles, and lines in words) per se. She also showed that good
readers processed highly spatially redundant nonwords faster
than common real words which were not as spatially
redundant but were composed of the same letters.

Venezky (1979) and Venezky and Massaro (1979), on the
other hand, discussed sequential redundancy based on letter
sequences. Sequential redundancy contributes to orthographic
structure which can be defined in two contrasting ways. One
approach uses frequency of occurrence data, based upon types
or tokens, to define a goodness of fit or probability of
occurrence. The other approach uses rules or patterns based
upon structural analyses. The former approach, which yields
letter probabilities, positional frequencies, and sequential
redundancy patterns, will always assign a low score to a non-
occurring pattern. The latter approach, in contrast, will
evaluate all patterns—occurring or non-occurring—according
to rules or templates and assign a conformity index. Venezky
and Massaro proposed that automatic word recognition
depends on having abstracted knowledge of orthographic
regularity, based on statistical probability or rules, through
repeated exposure to the orthographic structure in text. They
emphasized that orthographic regularity is not the same as
letter-sound regularity. Phonically irregular words may be
orthographically regular (e.g., eighth), and orthographically
irregular strings may be pronounceable by applying phonics
rules (e.g., ssilf). For example, even if the rime of a syllable
contains irregular grapheme-phoneme correspondences, the
rime as unit is probably orthographically regular (Berninger,
1990).

Orthographic Coding. Johnson (1978) reviewed the concept of
codes as used in cognitive psychology. Codes are procedures
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for transforming stimulus information into unitary mental
representations. They should not be confused with the
information they represent; the content of a code only becomes
available when the decoding process is complete. Written
words can be coded into whole word units, single letters in
words, or letter clusters in words (Barron, 1986; Berninger,
1987; Shallice, Warrington, & McCarthy, 1983) in memory.
Whole word unit does not imply that letters are not processed
or that only configuration is processed; rather letters are
processed in parallel within a word, that is, the orthographic
structure for the whole word is processed. The coding
operations refer to the size of the unit chunked in the unitary
mental representation—the whole word, a single element, or a
series of elements smaller than the whole. Orthographic
structure probably plays a role in orthographic coding.

Orthographic-Linguistic Mapping. Procedural operations create
interconnections among orthographic codes and other linguistic
codes. Spelling-sound knowledge results from and may
influence these operations.

Orthographic Code Connections. Orthographic codes map onto
phonological codes of corresponding size (Van Orden,
Pennington, & Stone, 1990). For example, whole written words
map onto name codes for whole spoken words, single letters
map onto phonemes, letter clusters map onto syllables, rimes,
or phonemes (Berninger, 1994). Orthographic codes can also
map onto semantic codes for lexical items as in the direct route
in Dual Route Theory (Coltheart, 1978) or onto morphemic
codes for sublexical affixes to lexical items. Code connections
may form inductively through repeated exposure to words
(Seidenberg & McClelland, 1989; Van Orden et al., 1990) or
deductively through explicit instruction in rules of letter-sound
relationship and structural analysis (Adams, 1990; Foorman,
Francis, Novy, & Liberman, 1991; Venezky, 1970). Code
connections may be formed in the other direction as well, with
phonological codes (or other linguistic codes) mapping onto
orthographic codes of corresponding unit size.

Spelling-Sound Knowledge. In contrast to code connections,
which are procedural operations for transforming stimulus
words into mental representations, spelling-sound knowledge
is based on the content that becomes available when the
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decoding process is complete. This content may consist of
automatic sight words, phonics rules, phonograms (word
families), or structural analysis rules (for syllabication, accent
patterns, or modification of roots with affixes). Spelling-sound
knowledge may be more complex than relationships between
single graphemes and phonemes; it also involves relationships
between letter sequences and phonemes, rimes, or syllables and
the positioning of single letters or letter sequences within a
word. (See Venezky, in press, Volume II, for model of five (0-4)
orders or levels of spelling-sound knowledge in reading.)
Sound-spelling knowledge is also represented (see Barron,
chapter 6) and is reflected in the content of encoded written
productions.

Internal Lexicon (Storage). Ehri (1980a, 1980b) introduced the
concept of an orthographic image, which is a word-specific
representation stored in memory. Creating orthographic
images in memory requires knowledge of letter-sound
relations, written syllable-spoken syllable relationships, and
spelling patterns associated with rhyming words (Ehri, 1980a),
that is, knowledge based on orthographic-phonological
connections. When children learn to read, the orthographic
representation of a word amalgamates with the phonological,
syntactic, and semantic representations of a word already in the
lexicon and forms an integrated unit that can be partial or
complete, depending on whether all the letters in a word’s
spelling are completely represented and linked with a complete
phonological representation of spoken and silent sounds (Ehri,
1992a). These orthographic images are accessed in reading and
in spelling words, but spelling may be more adversely affected
by partial orthographic images than is reading. The issue of
how orthographic knowledge is stored requires further
research. Venezky (personal communication, June 1, 1994) has
suggested that it might be (a) regenerated when needed from
stored lexical images, (b) stored as rules with exceptions, or (c)
represented by some combination of these. The first possibility
suggests that procedural knowledge might also be involved in
storage.

Metacognitive Knowledge of the Writing System. Clay’s (1979)
Concepts of Print assesses both declarative knowledge about
orthography (e.g., sentences begin with a capital letter and end
with a period, question mark, or exclamation point) and
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procedural knowledge about processing print (e.g., reading
proceeds left to right). Strategies might operate on any of the
kinds of orthographic knowledge. For example, for spelling-
sound mapping, strategies might include scan left to right; try
placing the stress on the next to the last syllable and see if the
word is familiar; or try thinking of a word with the same
spelling pattern and pronounce the unknown word the same
way (i.e., the analogy strategy, Glushko, 1979; Goswami, 1988).
Other strategies reviewed by Varnhagen (in press) include
retrieve spelling sequence and perform phonological check;
analyze unknown word into morphemic components; segment
word into syllable, subsyllable, onset and rime, or individual
phonemes; apply idiosyncratic mnemonics for exception words;
or access external consultant (dictionary or another writer).
Formal assessment tools are lacking for metacognitive
knowledge about orthography in developing and skilled
readers and writers.

KINDS OF ORTHOGRAPHIC KNOWLEDGE DISCUSSED IN VOLUME 1

Olson, Forsberg, and Wise (chapter 1) use three measures of
orthographic coding: word-pseudohomophone choice,
homophone choice, and PIAT spelling. The first task requires
choosing the real word in a pair of words that also contains a
nonword pronounced exactly the same as the real word. Even
if readers code the words orthographically and rely on
orthographic-phonological connections to decode the words,
the task cannot be solved correctly without accessing an
orthographic image of the real word in the memory. The
second task requires choosing one of two homonyms that
correctly answers a question. Again, a correct response
requires more than coding and decoding; it requires accessing
an amalgamation of a word’s spelling and its associated
semantic representation. The last task requires selection of the
correct written spelling for a spoken word from a set of four
orthographically similar alternatives. Taken together, these
three tasks provide operational measures of orthographic images
in the lexicon (see Table 1).

Jackson, Lu, and Ju (chapter 2) review literature showing that
Chinese cannot be read solely in terms of orthographic coding.
Rather, it, like English, involves orthographic connections to
phonological codes and orthographic connections to semantic
codes. However, unlike an alphabet system such as English,
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which maps letters onto phonemes, Chinese maps strokes
within characters onto phonetic radicals, which most often
provide clues to pronunciation of the rime part of the syllable.
Also, unlike English, which marks written word boundaries,
Chinese maps strokes within characters onto semantic radicals
that are morphemes, which convey meaning at the subword
level. In their empirical work Jackson et al. compared two
approaches to teaching Chinese to English-speaking ninth
graders. One approach involved direct connections between
characters and meaning of single-syllable Chinese words. The
other approach used a non-Roman alphabetic system to teach
letter-sound correspondence. Two of Olson’s orthographic
tasks were given but did not predict performance in learning
the character-meaning associations. This finding makes sense
in that these orthographic tasks measure orthographic images
or word-specific representations already acquired rather than
coding procedures for creating new representations during the
learning process. Taken together, findings in this chapter add
to our understanding of orthographic code connections to
phonological and semantic codes (see Table 1).

Assink and Kattenberg (chapter 3) use measures that tap two
kinds of orthographic knowledge in Table 1. Their “word-
image skill” measure, which requires rejection of illegal letter
combinations, is an operational measure of orthographic
structure (sequential redundancy). Their spelling tasks are
designed to assess two basic types of orthographic problems in
Dutch: spelling homophones that make syntactic distinctions
not present in oral language; and non-homophones that express
simple sound-spelling correspondences. According to the
authors, correct spelling of the latter requires memory of word-
specific representations; thus, these spelling tasks are
operational measures of word images in the lexicon.

Wolf, Pfeil, Lotz, and Biddle (chapter 4) discuss the
intriguing finding that incidence of reading disability is
relatively constant across languages that vary considerably in
regularity of letter-sound correspondence or type of
orthography (alphabetic or non-alphabetic). They question
whether phonological core deficits are the only source of
reading disabilities. They note that pseudoword accuracy,
which is widely accepted as the best discriminator of poor
reading in English, is not a good discriminator of poor reading
in German, which is more regular than English. Naming speed
on rapid automatized naming tasks (RAN) is a good predictor
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of reading differences in both German and English dyslexics.
However, they point out that RAN tasks tap more than
phonological processes. They also tap orthographic processes,
also a theme in chapter 5, and thus serve as a marker of
disruption in automatic processes underlying abstraction of
orthographic regularity and rapid access to lexical codes.

Bowers, Golden, Kennedy, and Young (chapter 5) review
literature demonstrating that rapid automatized naming (RAN)
tasks tap speed of accessing names of highly automatized
printed symbols. They then demonstrate significant
relationships between RAN scores and both letter cluster
coding and reading skills in primary grade children. They
hypothesize that if a child is slow in identifying single letters,
then single letters will not be activated in close temporal
proximity allowing the child to abstract patterns of coocurrence
among letters. They refer to this hypothesis as the orthographic
redundancy interpretation of naming speed’s relationship to
letter cluster knowledge. Thus, they are integrating the
constructs of orthographic coding, letter-cluster name
connections, and orthographic structure (sequential
redundancy) in their conceptual framework. (see Table 1). Like
Venezky and Massaro (1979), they emphasize the link between
automatization and orthographic structure; however, they
introduce the automatized naming side of the link whereas
Venezky and Massaro introduced the orthographic structure
side of the link (orthographic regularity). Further research is
needed to evaluate whether bidirectional influences may be
operating between orthographic structure and automatized
naming in creating orthographic-phonological connections.
Olson et al. (chapter 1) report modest correlations, at best,
between their rapid naming and orthographic factors, leading
them to dismiss Bower and Wolf’s (1993a, 1993b) proposal that
orthographic deficits and rapid naming are related. However,
Olson et al.’s orthographic factor is based on orthographic
images rather than orthographic structure, which is more
relevant to the Bower and Wolf hypothesis.

Barron (chapter 6) reviews a sizeable literature documenting
auditory-orthographic effects in prereaders, beginning and
developing readers, skilled readers, and dyslexics. This effect is
attributed to connections between letter clusters and sounds in
the rime part of the syllable and to letter-phoneme connections
as well as emerging letter-sound knowledge; thus, his
theoretical framework is relevant to both the code connections
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and spelling-sound knowledge in Table 1.

Wagner and Barker (chapter 7) use four different tasks to
operationalize orthographic processing, two of which tap
orthographic-phonological mappings and letter-sound
knowledge (letter name knowledge and invented spellings),
one of which taps orthographic images (homophone choice, see
discussion of Olson et al.’s tasks), and one of which taps
metacognitive knowledge (concepts of print) (see Table 1).

Berninger and Abbott (chapter 8) focus on receptive
orthographic coding and orthographic-phonological code
connections in their primary grade sample, when the primary
research question was how word-specific representations get
created in memory. However, in their intermediate grade
sample, when the primary research questions were about the
role of existing word-specific representations in memory and
automatization of coding processes, they focus on orthographic
images as well as expressive orthographic coding and speeded
orthographic coding (see Table 1).

Collectively, the chapters in this volume deal with all the
kinds of orthographic knowledge summarized in Table 1, but
individual investigators do not. Thus, conclusions about
orthographic processing in regard to dyslexics or poor readers
(see chapters by Olson et al., Assink & Kattenberg, Wolf et al.,
Bowers et al., Barron, and Berninger & Abbott, Volume I, and
Lennox & Siegel, Volume II) will depend on what measures
were used and which kind of orthographic knowledge was
assessed. It is unlikely thatany one task will suffice to measure
orthographic processing for all purposes considering that any
one task cannot measure all kinds of orthographic knowledge
and no one task is likely to be a pure measure of orthographic
processes independent of other cognitive processes (see Geva &
Willows’” Commentary, Volume I). Selecting the most
appropriate task(s) will depend on the specific aims of a
particular research study.

Conclusions may also depend on characteristics of the
sample studied. Wolf etal. (chapter 4), Bowers and Wolf (1993)
and Bowers et al. (chapter 5) propose the Double Deficit
hypothesis—that severe dyslexics have deficits in both
phonemic skills and rapid naming whereas milder dyslexics
may have deficits only in phonemic skills. If the Bower and
Wolf hypothesis of a relationship between rapid automatized
naming and orthographic structure is correct (see chapter 5),
then deficits in orthographic regularity may only be found if the
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sample contains enough children with deficits in rapid
automatized naming. Thus, the fact that Olson et al. (Volume I)
and Lennox and Siegel (Volume II) did not find evidence that
dyslexics have difficulty with orthographic structure
(permissible letter sequences) but Assink and Kattenberg
(Volume I) did, may reflect differences in the incidence of
automatized naming deficits in their samples.

THEORETICAL ISSUES

Real or Artifactual Phenomenon. Wagner and Barker (chapter 7)
acknowledge that orthography as a topic of research has been
controversial, with some investigators questioning whether
orthographic processing really exists. One argument against its
existence is that phonological processing alone is sufficient to
explain reading and writing acquisition. A common defense to
this position is to demonstrate the statistical independence of
orthographic and phonological skills, that is, that orthographic
skills contribute unique variance, over and beyond that
contributed by phonological skills, in explaining reading or
writing achievement (see Olson et al., chapter 1; Wagner &
Barker, chapter 7; and Berninger & Abbott, chapter 8). Another
argument against its existence is that orthographic processing
tasks merely measure word-recognition or spelling ability
(Vellutino, Scanlon, & Tanzman, 1994). Indeed, Olson et al.
initially conceptualized their orthographic measures as tapping
the direct route of Dual Route Theory in word recognition (see
chapter 1). Evidence against the argument that orthographic
measures merely tap word recognition or spelling ability is the
causal modeling of Wagner and Barker (chapter 7), who found
that orthographic measures accounted for variance in word
recognition independent of the auto-regressive effects of word
recognition, phonological processing, and verbal ability.
Additional evidence against this argument is the low to modest
correlations between orthographic measures and word
recognition and spelling skills in a large-scale psychometric
study that included a battery of multiple orthographic
measures, including those used by Olson et al. (see Berninger &
Abbott, chapter 8).

Multiple Code Activation. One of the difficulties in studying
orthographic processes is that it is impossible to design pure
measures of orthographic processing that do not also tap
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phonological processing to some degree. Likewise, it is
impossible to design pure measures of phonological processing
that do not tap orthographic processing to some degree (see
Wagner & Barker, chapter 7). The reason is that phonological
codes activate orthographic codes and orthographic codes
activate phonological codes in adult skilled readers (e.g.,
Tanenhaus, Flanigan, & Seidenberg, 1980), in novice readers
who have acquired some letter-sound knowledge but cannot
yet pronounce or spell words, and in beginning readers
(Barron, chapter 6). Although many investigators consider
pseudoword (nonword) reading to be a pure measure of
phonological processing, both orthographic codes and
phonological codes contribute to reading pseudowords in
primary grade and intermediate grade children (see Berninger
& Abbott, chapter 8). Thus pseudoword reading is probably a
measure of orthographic-phonological code connections.

Orchestration of Mind. Some researchers have investigated
orthographic processing from the perspective of Dual Route
Theory (e.g., Olson et al,, chapter 1; and Bowers et al., chapter
5). Others have investigated it from the perspective of
connectionism (Berninger & Abbott, chapter 8). Yet others have
not adopted any theoretical framework regarding the role
orthographic processing plays in word recognition (Wagner &
Barker, chapter 7). Whereas Dual Route Theory assumes
independence of an orthographic route and phonological route
to word recognition, connectionism assumes interaction
between orthographic and phonological processing; however,
see chapter 8 and Foorman’s Commentary for discussion of
differences among connectionist models. Given evidence for
multiple code activation, a pure orthographic module and a
pure phonological module seem unlikely. Although Olson et
al. (chapter 1) showed that orthographic and phonological skills
are statistically independent in regression analyses, they also
found that word recognition loads on both the phonological
and orthographic factors and that phonological coding and
orthographic coding have very similar patterns of genetic and
shared environmental effects. They concluded that
phonological and orthographic factors are distinct yet
substantially related. Although they began with a dual route
perspective, they end by adopting Ehri’s (1992a) integrative
view. This integrative view is consistent with the metaphor of
orchestration of mind introduced by Posner, Petersen, Fox, and
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Raichle (1988). As in the orchestra in which separate musicians
function together in concert, neuroanatomically separate
orthographic and phonological codes can function together
during word recognition (for further discussion, see Berninger,
1994, chapters 1 and 2).

Bidirectionality of Connections. In contrast to much literacy
research that has focused on the print-to-sound connections,
Barron (chapter 6) calls attention to the sound-to-print
connections. The challenge for the beginning reader and writer,
as well as researchers who study the literacy acquisition
process, is that these bidirectional connections are asymmetric.
(See Venezky, 1970, in press, for further discussion of the lack
of symmetry in the spelling-sound system.) As Snowling (1987)
pointed out, there are more phoneme-grapheme
correspondences to learn (44 phoneme to 102 functional
spelling units) than grapheme-phoneme correspondences (26
graphemes—44 phonemes).

Genetic Determinism versus Genetic Constraints. Are our brains
prewired to process orthographic information in predetermined
ways? Results of twin studies by Olson and colleagues (chapter
1) support the conclusion that genetic inheritance may constrain
the brain architecture underlying both orthographic and
phonological processing to some extent, but that genes do not
completely determine orthographic and phonological
processing abilities. Environmental influences such as
experience with reading material and quality of instruction also
play a role. The results reported in Chapter 1 are of particular
interest because they differ from trends reported previously
when the sample size was smaller—that phonological but not
orthographic skills are heritable. Now that sample size and
power have increased, both orthographic skills (using measures
tapping orthographic images) and phonological skills
(requiring decoding of printed nonwords) are shown to be
heritable. The fact that Olson et al. are modifying their
theoretical position from a dual route view (orthographic or
phonological access to the lexicon) to an integrated view
(orthographic and phonological processes are interrelated)
suggests an alternative interpretation for these findings. Not
only integration at the whole word level (tapped by the
orthographic tasks) but also integration at subword level
(tapped by the phonological tasks) is influenced by genes.
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Nevertheless it is important to keep in mind that Olson et al.
found both shared variance and independent variance between
orthographic and phonological coding deficits. So orthographic
and phonological processes may have shared (integrated) as
well as independent (separate) genetic pathways.

Olson et al. make the important point that just because
orthographic skills are genetically constrained it does not mean
that they cannot be remediated to some degree. The two
remedial case studies discussed by Assink and Kattenberg
(chapter 3) illustrate this point. Their observation that spelling
deficits related to lack of knowledge of spelling rules are more
easily remediable than spelling deficits related to lack of
knowledge of orthographic structure warrants further research.
Results of treatment studies cited by Berninger and Abbott
(chapter 8) also support the conclusion that orthographic skills
can be remediated.

Role of Experience. Several of the contributors (Olson et al.;
Jackson et al.; Barron; and Wagner & Barker) used or discussed
measures of print exposure (e.g., Stanovich, West, &
Cunningham, 1992), which are an operational measure of
reading experience. Measures of orthographic processing
explain independent variance in reading over and beyond that
explained by reading experience (see Wagner & Barker, chapter
7). Bowers et al. (chapter 5) reviewed research that shows good
readers benefit more from practice than do poor readers (also
see Assink & Kattenberg, 1991, for additional evidence). It may
well be that deficits or delays in orthographic processing skills
may be responsible for poor readers not benefitting from
practice in the same way that normal readers do. It also follows
that not all children will acquire orthographic skills simply
from print exposure, especially if genetic constraints are
operating.

Universal versus Language-Specific Characteristics. On the one
hand, reading any orthography probably requires
orthographic-phonological connections, although specific
orthographies may differ in the units of orthography and units
of phonology involved in forging connections. For example,
Jackson, Lu, and Ju’s review of the literature supports the
conclusion reached by Leong (1987) that Chinese does not
bypass phonology. However, it maps characters onto phonetic
radicals rather than on phonemes as an alphabetic language
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such as English does. Other evidence for commonalities across
languages is the fact that reading and spelling disabilities occur
in all orthographies (Arabic, Chinese, Danish, Dutch, English,
French, German, Greek, Hebrew, Italian, Japanese, Kannada—a
South Indian language, Spanish, and Turkish, see Aaron &
Joshi, 1987)—even in those with almost perfect orthographic-
phonological correspondence. On the other hand, some aspects
of the orthography may be specific to a given language. For
example, Assink and Kattenberg discussed the analogy
principle in Dutch spelling by which homophones make
syntactic distinctions (about grammatical person, tense,
active/passive voice, number, etc.), whereas in English
homophone spelling makes lexical distinctions. Unlike English
or German, Dutch orthography contains syntactic information
not represented in the oral language. Wolf et al. (chapter 4)
argue that differences across languages with differing
orthographies may help sort out the contribution of
orthographic processing to reading disability.

Visual and orthographic processes. Although the visual and the
orthographic systems in the brain are not identical (Berninger,
1994; Carr & Posner, in press), they most likely share
subprocesses (see Geva & Willows Commentary this volume).
Of the kinds of orthographic knowledge in Table 1,
orthographic structure (particularly spatial redundancy) and
orthographic coding are most likely to draw upon visual
subprocesses. The relationship between the psychophysiology
of visual processes (see Willows et al., 1993) and orthographic
structure and orthographic coding warrants further research.

DEVELOPMENTAL ISSUES

Emergent literacy. The orthographic system undergoes
considerable development, independent .of the developing
phonological system, before a child can read, that is, pronounce
printed words and attach meaning to them (Berninger, 1994).
Beginning with the “fundamental graphic act” when the young
child discovers that scribbling with a crayon or pencil leaves a
graphic trace, orthographic production follows a predictable
developmental pattern: random scribbling; zig-zag lines;
variation in elements without segmentation into units; linear,
word-like arrangement of elements; true letters; words;
sequences of related words; and finally sentences (Gibson &
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Levin, 1975). Lavine (1972) investigated preschoolers’
perception of the orthographic system and reported a number
of intriguing findings. Not only do nonreading three year olds’
graphic productions resemble writing that can be differentiated
from pictures but also they are able to distinguish pictures from
writing on formal sorting tasks. Although four and five year
olds use global features of the string such as linear
arrangement, nonrepetetiveness of units, and presence of
multiple units to sort graphic displays into writing or
nonwriting categories, the most important criteria they use are
the features of the letters. By age five, nonreaders exposed to
printed English categorized 100% of the displays with Roman
or Hebrew letters as writing, but only 73% of the displays with
artificial characters (composed of distinctive features of Roman
letters) and only 20% of the displays with Chinese characters
(not composed of distinctive features of Roman letters).

Thus, the notion that literacy is equated with pronouncing
and spelling words needs to be reexamined, as Barron (chapter
6) argues. Considerable protoliterate knowledge (Barron, 1991)
is acquired during the preschool years (also see Adams, 1990)
before children show conventional signs of literacy. That is,
receptive knowledge precedes expressive knowledge of
phonological-orthographic connections. Evidence of this
protoliterate knowledge is the auditory-orthographic effect in
novice readers who have letter-sound knowledge but are not
able to pronounce or spell words (Barron, chapter 6).
Presumably letter-sound knowledge allows novice readers to
detect the phonemes in the rime unit of word pairs and react
differently to word pairs that are spelled and pronounced the
same than to those that are spelled the same but pronounced
differently. Thus, as confirmed by causal modeling (Wagner,
Torgesen, & Rashotte, 1994), letter-sound knowledge (sounds
associated with letters) may promote development of
phonological awareness, which then promotes further
development of application of letter-sound knowledge
(decoding).

Development of Various Kinds of Orthographic Knowledge (see
Table 1). Little is known about the development of orthographic
structure, but some research evidence suggests that the reading
disabled do not differ from normal readers in their knowledge
of orthographic structure (see Lennox & Siegel, in press). For
example, Siegel, Geva, and Share (1990) showed that learning
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disabled children and normal grade-matched readers did not
differ on a task with pairs of pronounceable pseudowords in
which one contained a bigram that never occurs in a particular
position in English (e.g., filv) and the other contained a bigram
that does occur in a particular position in English (e.g., filk).
However, research has not yet addressed whether the reading
disabled and normal readers may have differed in knowledge
of orthographic structure in the earliest stages of reading
acquisition.

Although no one has examined developmental patterns in
acquiring spatial or sequential redundancy, there are
suggestions in the literature that abstraction of orthographic
regularity begins early. Pick (1978) reported that first graders
rejected orthographically illegal letter strings as not being real
words. Berninger (1988) found that first graders consistently at
the beginning, middle, and end of the year rejected letter
strings, which violate orthographic regularity, more accurately
than pronounceable nonwords, which do not violate
orthographic regularity, as not being real words. Apparently
these first graders had the concept that a real word must
conform to allowable letter sequences but did not yet have the
concept that a real word must not only be pronounceable but
also activate meaning. However, early knowledge of
orthographic structure probably undergoes significant
development before sufficient knowledge of orthographic
regularity is acquired to support automatization of word
recognition (see Venezky & Massaro, 1979).

The development of orthographic coding from kindergarten
(nonreaders) to first grade (beginning readers) (Berninger, 1987)
and from first to second to third grade (Berninger, Yates, &
Lester, 1991) has been investigated. Developmental trends
were noted in that proficiency in coding a whole word unit
seems to develop earlier than proficiency in coding a letter in a
word, which seems to develop earlier than proficiency in
coding a letter cluster in a word. However, by the end of first
grade, most children had some proficiency with all codes,
suggesting that they had sufficient orthographic coding skill to
learn sight words (spelling sequence of whole word), beginning
phonics (single letters in words), and word families or analogies
(letter clusters in words). Whole word coding was more related
to component reading and writing skills early in literacy
acquisition, and letter cluster coding was more related to
component reading and writing skills by third grade (also see
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Bowers, chapter 5).

Although Frith (1985) did not propose her developmental
model of word recognition—from logographic to alphabetic to
orthographic stages—within a connectionist framework, it
could be modified to fit such a framework (see Multiple
Connections Model discussed in chapter 8). With this
modification, the model makes predictions about the
development of orthographic-phonological code connections. The
logographic (sight word) stage involves whole written word-
whole spoken word (name code) connections. The alphabetic
stage involves letter-phoneme connections. The orthographic
stage involves letter cluster-syllable/rime/or phoneme
connections, in keeping with Ehri’s (1992b) claim that even
complex spelling regularities depend on sound. Presumably
letter cluster-rime connections underlie end analogies that
Goswami (1989) has shown to be effective in beginning reading.
Although children may not proceed through these stages in a
rigid sequence (Vellutino, 1992), this stage model captures the
alternative strategies children may use to learn to read and spell
their orthography (also see Firth, 1972).

The importance of distinguishing between orthographic
structure and spelling-sound knowledge is supported by
neuropsychological evidence (McCarthy & Warrington, 1990).
Dissociations occur between visual word-form dyslexias
(analogous to orthographic structure of the coded or stored
word) and central dyslexias (analogous to spelling-sound or
sound-spelling transformations). Thus, it makes sense that
development of spelling-sound knowledge may occur
independent of development of orthographic structure
knowledge in some cases.

Development of spelling-sound knowledge has been
investigated. Barron (chapter 6) and Wagner et al. (1994)
showed that this knowledge begins to develop before children
can pronounce words. Likewise, Berninger (1988) found that
first graders were consistently better at the beginning, middle,
and end of the year in making receptive judgments about which
stimuli were real words than they were in pronouncing words
or pseudowords, that is, in applying orthographic-phonological
knowledge productively. Rosinsky and Wheeler (1972) showed
children pairs of nonsense words (one was pronounceable, one
was not) and asked them to point to one that was more like a
real word. First graders performed only at chance level, but
third and fifth graders averaged 70% to 80% correct responses,
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respectively. Apparently older children judge a word as real
not only on the basis of having a permissible orthographic
structure but also on the basis of being able to translate that
orthographic structure into sound.

Orthographic structure knowledge must be integrated not
only with phonological knowledge but also with
semantic/syntactic knowledge. Biemiller (1970) demonstrated
that beginning readers’ errors first reflect a reliance on
contextual (semantic/syntactic) information, next reflect a
greater reliance on orthographic information in text, and finally
reflect a co-reliance on both orthographic and contextual
information. However, Barr (1972) demonstrated that this
developmental sequence may be modified by the nature of the
instructional program—phonics instruction draws children’s
attention to orthographic (letter) information more than does
the sight word method.

The development of orthographic images or word-specific
representations in memory plays an important role in reading
and spelling development. Still, word-specific representations
are not perfectly related to reading and writing achievement
(see chapter 8) and are probably but one source of knowledge
in reading words orally or silently or spelling words in writing
(see Venezky, Volume II). (For a different perspective, see
Vellutino et al., 1994). Measures of orthographic images may be
related more to some components of reading than to others.
Wagner and Barker (chapter 7) reviewed their work showing
that the homophone choice task accounted for more variance in
reading connected text than in reading isolated words and in
timed than untimed measures. The relationship between speed
of orthographic processing (see chapters by Wolf et al. and
Bowers et al.) and acquisition of orthographic images requires
further research. Future research should also address how the
internal organization of the lexicon (relationship of
orthographic representations and other linguistic
representations) may change over the course of development.

The development of metacognitive knowledge about
orthography has probably received less attention than has the
development of other kinds of orthographic knowledge. What
research exists has focused primarily on the emerging literacy
stage (e.g., Clay, 1979) or adult, skilled reading (see Venezky
Volume II).

The different kinds of orthographic knowledge in Table 1 are
conceptually distinct but not orthogonal components of
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orthographic processing. In the course of development one
kind of orthographic knowledge may influence acquisition of
another kind of orthographic knowledge. For example,
orthographic coding affects development of orthographic-
phonological code connections (see chapter 8) and spelling-
sound knowledge affects acquisition of orthographic images
(Ehri, 1992a).

Summary

The definitional, theoretical, developmental, and measurement
issues discussed in this introduction, subsequent chapters, and
two commentaries at the end are far from resolved. Hopefully
this series will stimulate dialogue and research to resolve these
issues eventually. Clearly much more research is needed to
understand fully the development of the various kinds of
orthographic knowledge and their role in literacy acquisition.
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RICHARD K. OLSON, HELEN FORSBERG, & BARBARA WISE

GENES, ENVIRONMENT, AND THE DEVELOPMENT OF
ORTHOGRAPHIC SKILLS

1. INTRODUCTION

Researchers have taken two somewhat different views
regarding the nature and development of orthographic and
phonological knowledge in spelling and reading. A strongly
integrative view holds that development in both areas depends
on a common underlying knowledge base. For example, Ehri
(1989, 1992) has argued that alphabetic “orthographic images”
involved in both reading and spelling are amalgamated with
the phonological information pertaining to the word (see also,
Barron, 1986, Goswami & Bryant, 1990; Stuart & Coltheart,
1988). A more separatist view is represented in “dual-route”
theories that emphasize the independence of two routes to the
lexicon; an indirect phonological-decoding route operating
through the reader’s knowledge of grapheme-phoneme
correspondences, and a direct “visual” route that uses
orthographic knowledge to access the lexicon without
phonological mediation (Coltheart, 1978; Morton, 1969). The
“dual-route” view has been very influential in attempts to
account for individual differences in acquired and
developmental reading disorders (Boder, 1973; Castles &
Coltheart, 1993; Coltheart, Curtis, Atkins, & Haller, 1993;
Mitterer, 1982; Patterson, Marshal, & Coltheart, 1985; Seymour,
1986), as well as individual differences across the normal
continuum of reading ability (Baron, 1979; Baron & Strawson,
1976; Freebody & Byrne, 1988; Treiman, 1984). In this chapter
we selectively review earlier research and present new
behavioral-genetic evidence on the degree of developmental
independence between disabled readers’ skills in the indirect
(phonological) and direct (orthographic) routes for the
identification of printed words.
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In the Colorado Learning Disabilities Research Center
(CLDRC),! we are examining the genetic and environmental
etiology of disabled readers’ deficits in component reading,
language, and perceptual skills (DeFries, Olson, Pennington, &
Smith, 1991; Olson, Wise, Conners, Rack, & Fulker, 1989).
Because deficits in printed word recognition and spelling are
fundamental to most reading disabilities (Perfetti, 1985), we
began our research with an attempt to assess separately
subjects’ skills in the direct and indirect pathways for word
recognition posited by “dual-route” theory (Olson, Kliegl,
Davidson, & Foltz, 1985). Our assessment of skill in the indirect
phonological-decoding route followed the long-standing
tradition of having subjects read pronounceable nonwords.
Measures of skill in the direct orthographic route were based on
the homophonic nature of English words and nonwords:
Identical sounding words and nonwords can be produced by
different spelling patterns. Based on earlier research by Baron
and Strawson (1976) with normal college students, we
developed a computer-based measure of orthographic coding
that required a speeded forced-choice between a word and a
phonologically identical “pseudohomophonic” nonword (e.g.,
rain rane) (Olson et al.,, 1985). The task was called an
“orthographic-coding” measure because subjects had to
recognize the correct orthographic pattern for the word
independent from its phonology. Although subjects may
automatically engage phonological decoding processes when
presented with the word and its pseudohomophone (Van
Orden, 1987; Perfetti & Bell, 1991), their phonological decoding
of the two choices in this task would not yield the correct
answer. Therefore, it was assumed that performance on the
orthographic task yielded a measure of processing in the direct
lexical route of “dual-route” theory.

The present reassessment of independence between
orthographic and phonological coding skills is based first on
the question of statistical independence, second, on the
question of differential deficits in disabled readers’
orthographic and phonological coding, and third, on
differences in the genetic and environmental etiology of those
deficits. In the next section (2) of this chapter we review the
results of several studies that have shown independent but also
overlapping contributions of orthographic and phonological
coding skills to variance in word recognition. Results from
recent factor analyses in the Colorado Reading Project will
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reveal the unique relations between orthographic and
phonological coding and other variables related to reading and
spelling.

In the third chapter section, we summarize results from
studies of older reading-disabled and younger reading-level-
matched normal groups. The evidence is strong for a unique
deficit in most disabled readers’ phonological coding, but the
disabled and normal groups’ relative performance in
orthographic coding apparently depends on the type of
orthographic task. Some orthographic tasks have yielded a
deficit for reading-disabled groups that is similar to that for
phonological coding. Other orthographic tasks result in
performance that is consistent with or even superior to the
disabled group’s level of word recognition.

In the fourth section of the chapter, genetic and
environmental influences on group deficits in phonological and
orthographic coding are evaluated by comparing similarities
within identical and same-sex fraternal twin pairs. Contrary to
earlier reports of twin data suggesting low heritability for
orthographic coding and high heritability for phonological
coding (Olson et al., 1989; Stevenson, 1991), new data from a
much larger twin sample and new orthographic tasks indicates
substantial heritability for deficits in both skills. Bivariate
genetic analyses show that the correlated variance between
orthographic and phonological coding deficits is largely due to
the same genes, and deficits in both skills are genetically linked
to deficits in phonological awareness. However, there is some
preliminary evidence that the reliable uncorrelated variance in
both orthographic and phonological coding is also significantly
heritable.

In a concluding section, the new behavioral-genetic evidence
leads to a re-evaluation of our earlier views about the
etiological independence of orthographic and phonological
skills in disabled readers. We conclude that Ehri’s (1989, 1992)
integrative view provides a better fit to the data, although we
also support Stanovich and West’s (1989) view that print
exposure may play a special role in the development of
orthographic knowledge.

2. ORTHOGRAPHIC AND PHONOLOGICAL CONTRIBUTIONS TO WORD
RECOGNITION

Conners and Olson (1990) reported the results of path analyses
that found independent contributions from orthographic and
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phonological coding to variance in word recognition within
groups of older disabled and younger reading-level-matched
normal subjects. In this section, the question of independent
contributions to individual differences in word recognition is
reevaluated in a new sample and with new measures of
phonological and orthographic coding. We discuss a factor
analysis that confirms the existence of separate orthographic
and phonological coding factors and clarifies the nature of these
factors through their relations to other variables. First, the
subject sample and measures will be described.

2.1 Subjects in the Colorado Learning Disabilities Research Center
(CLDRC)

Subjects in the CLDRC include identical and fraternal twin
pairs who are identified from school records in 27 Colorado
school districts. Permission is then sought from the parents to
examine the twins’ files for any evidence of a reading problem.
This evidence variously includes comments from teachers,
referrals to resource rooms or remedial reading programs,
and/or low standardized achievement test scores. Twin pairs
containing at least one member with any evidence of a reading
problem are invited to the University of Colorado for
laboratory testing. A smaller comparison sample of normal
twins with no school record of reading problems is also invited
to the laboratory for testing.

From 1983 to 1993, the ongoing CLDRC twin study has
completed laboratory testing for 459 twin pairs with at least one
twin having some sort of school-record evidence of a reading
problem. In addition, 297 twin pairs have been tested who had
no school-record evidence of reading problems. The
behavioral-genetic analyses reported in Section 4 are based on
this large sample. However, the factor and regression analyses
reported in the present section included only the twins tested
since 1989 when the test battery was modified to include some
important new measures.

The twins under 17 years of age are given the Wechsler
Intelligence Scale for Children-Revised (WISC-R). Those over
17 are given the Weschler Adult Intelligence Scale-Revised
(WAIS-R) (Wechsler, 1974). For the analyses reported in this
chapter, all subjects had Verbal or Performance IQ scores of at
least 85, no evidence of neurological or severe emotional
problems, and no uncorrected auditory or visual acuity deficits.
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The 296 subjects included in the present factor and regression
analyses were all members of identical and fraternal twin pairs
referred for having at least one member with a reading
problem. The mean age was 11.1 years (range = 8 to 18.6). All
of the subjects’ scores on the various measures described below
were standardized against those of the normally distributed
comparison sample, which included some poor readers, in spite
of the absence of such evidence in their school records. The
reading disabled sample included a wide range of reading
deficits for the affected twins. Some individual members of the
twin pairs had normal or above normal levels of reading skill.
Occasionally both members had normal reading skills in spite
of evidence of a deficit in their school records. The group’s
word recognition scores were normally distributed around a
mean that was -1.77 (range = -6.48 to +2.37) standard deviation
units below the mean for the normal comparison group. The
present factor and regression analyses were performed on this
relatively deviant group because we are most interested in the
variance associated with different degrees of reading deficit.

2.2. Measures Used in the Factor and Regression Analyses

Groups of measures were related to hypothesized skill areas
that included orthographic coding, phonological coding,
phonological awareness, rapid verbal and perceptual
{;rocessing, verbal and perceptual IQ, and word recognition.
rint exposure was included as an environmental variable. The
measures are described below in each of the categories.

2.2.1. Orthographic Coding. The three tasks hypothesized to be
measures of orthographic coding all required the recognition of
the correct spelling of a target word with phonologically similar
background foils. Our Word-Pseudohomophone Choice (WPC)
task described earlier (rain rane; sammon salmon) contained 80
trials with a wide range of target-word frequencies and
orthographic regularity (Olson et al., 1985, 1989). Subjects
pressed a left or right button to designate the correct
orthographic pattern as quickly as possible after a pair
appeared on the computer screen. Feedback was given for
latency and accuracy after each trial (see Olson, Forsberg, Wise,
& Rack, 1994, for a detailed description of this task). A similar
procedure was used for the Homophone Choice (HC) task
wherein subjects heard a sentence such as “Which is a fruit?”
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and subsequently were shown a pair of homophones on the
computer (pair pear) for forced choice (see Barker, Torgesen, &
Wagner, 1992; Stanovich & West, 1989, for similar tasks). A
final variable was created for each of the above tasks by adding
the z scores for subjects’ percent correct and their median
latency on correct responses. The third forced-choice task was
the Peabody Individual Achievement Test (PIAT) for spelling
(Dunn & Markwardt, 1970). The PIAT test involves the oral
presentation of a target word, then the word in a sentence, and
finally the isolated word. Subjects then make an untimed
forced choice among four orthographically and often
phonologically similar alternatives printed on a card (e.g.,
“cloudy”: clowdy cloady cloudey cloudy). As can be seen in
this example, the choices are not all strictly homophonic, so
phonological coding might make a greater contribution to
performance in this task than it would for the other two forced-
choice tasks. The 84 target words were arranged in increasing
order of difficulty and the test was halted if subjects made 5
errors in any 7 consecutive responses.

The Wide Range Achievement Test (WRAT) (Jastak & Jastak,
1978) spelling production test was also given. We hypothesized
that this measure would load more strongly on a phonological
factor because on many trials a correct response could be
produced by the application of common phoneme-grapheme
correspondence rules. Form 1 of the test (45 items) was used
for children under 12 years and form 2 (46 items) was used with
older children. The items were presented orally in isolation,
then in a sentence, then in isolation again, in increasing order of
difficulty, and subjects wrote down the target word. Testing
was halted after subjects made ten consecutive errors.

2.2.2. Phonological Decoding. Two measures of phonological
decoding included an oral nonword reading task and a silent
nonword reading task. In the Oral Nonword Reading (ONR) task
(Olson et al., 1989; 1994), the nonwords are presented on the
computer one at a time and response latency is measured with
a voice key. All responses are recorded for off-line analyses of
errors. The first section of the test includes 45 one-syllable
nonwords, ranging from vcv to cccvev structure (e.g., ter,
strale). The second section contains forty two-syllable
nonwords (e.g., hodfen, lobsel, strempick). Accuracy scores
and median correct reaction times are standardized for each of
the two sections of the tasks. Composite scores used in the
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present analyses are created by combining each subject’s
standard scores for accuracy and median correct latency. In the
Silent Nonword Reading (SNR) task (Olson et al., 1985, 1994),
three pronounceable letter strings are presented side by side on
the computer (e.g., coam - baim - goam; dysical - fotograph -
barmacy). Subjects push one of three buttons as quickly as
possible to designate the letter string that would sound like a
common word if read aloud. Subjects receive 65 trials. Great
care was taken to balance the targets and distractors in terms of
their visual similarity to real words. Thus, subjects could not
respond by simply picking the most visually familiar letter-
string. The task requires first that the subject generate the
internal sound codes for the nonwords. (Because there is no
oral response, variability in articulatory skills should not have
any direct influence on performance in this task.) Second, the
task also requires the subject to match the phonetic code for the
nonword (e.g., coam) to a word (e.g., comb) in his/her lexicon.
Z scores for percent correct and median latency on correct
responses were added to form a composite measure for the
present analyses.

2.2.3. Phonological Awareness. Three measures of phonological
awareness, broadly defined as the ability to be aware of and
manipulate the phonemic segments of speech, included a “pig-
latin” game, a phoneme deletion task, and the Lindamood
Auditory Conceptualization test (Lindamood & Lindamood,
1979). In our Phoneme Segmentation and Transposition (PST) task
(Olson et al., 1989), subjects take the first sound off the front of a
word, put it at the end, and add the sound /ay/. For example,
“rope” would become “ope-ray.” The test consists of 9 practice
and 45 test items. All words are within the listening vocabulary
of elementary school aged children. There is no time constraint.
The Phoneme Deletion (PD) task is based on the Bruce (1964)
phoneme deletion task and the Rosner and Simon (1971)
auditory analysis task. The phoneme deletion task consists of 6
practice and 40 test trials. First, subjects hear a nonword which
they are asked to repeat. They are then asked to remove a
specified phoneme from the nonword and if done correctly, the
result is a word (e.g., “say prot,” “now say prot without the /r/
sound”—"pot”). The task is presented via a tape player. Two
seconds are allowed for the subjects to repeat the initial
stimulus, 4 seconds are allowed for the subjects to give their
response to the deletion instructions. The end of each response
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period is signalled by a tone and then the next instruction is
given. In the Lindamood Auditory Conceptualization (LAC) test,
colored blocks are used to represent phonemes and the subjects
are required to add, remove or transpose blocks to reflect
changes in nonwords or sequences of sounds spoken by the
tester (Lindamood & Lindamood, 1979). For example the
subject might be shown three different colored blocks in a row
and told: “if that says aps, show me asp”; the subject should
therefore exchange the positions of the second and third blocks.
This task has the major advantage that subjects are not required
to give spoken responses; thus it assesses segmentation skills
that are independent of subjects’ phonemic blending abilities.
Subjects’ scores on all of the three phonological awareness tasks
were based on percent correct responses.

2.2.4. Rapid Naming and Visual Search. Two measures of rapid
naming were derived from the Rapid Automatic Naming (RAN)
test (Denkla & Rudel, 1974). Subjects in this task are asked to
name from left to right, as rapidly as possible, separate sets of
randomly ordered letters (a, d, o, p, and s), numbers (2, 4, 6, 7,
and 9), colors (red, blue, green, and yellow circles), or picture
(familiar line drawings) items distributed in rows across a card.
The number of items for each category that are named correctly
in 15 seconds is the subject’s score for that category. Based on
the results of a prior factor analysis, naming speed for numbers
and letters was combined for one variable (RAN NL) and colors
and pictures were combined for another variable (RAN CP).

A third test in this group required speeded visual matching
without naming. In the Educational Testing Service Identical
Pictures Test (IPT) (French, Ekstrom, & Price, 1963), subjects
attempt to match, as quickly as possible, an abstract line
drawing at the beginning of each row with an identical picture
among four minimally different distractors distributed across
the page to the left. The test is administered in two parts with
1.5 minutes for each part. The subject’s score is the total
number of correct responses minus the number of wrong
responses.

2.2.5.1Q. Verbal and Perceptual IQ scores were constructed
based on Kaufman’s (1975) factor analysis of the WISC-R.
Subjects’ z scores on the Information, Vocabulary,
Comprehension, and Similarities subscales were averaged for a
Verbal score. Scores on the Picture Completion, Picture
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Arrangement, Block Design, and Object Assembly subscales
were combined for a Perceptual score.

2.2.6. Word Recognition. Two measures of word recognition
were combined for this variable. The first measure was the
Peabody Individual Achievement Test (PIAT) for word recognition
(Dunn & Markwardt, 1970). The PIAT contains 66 words of
increasing difficulty in rows across a page. The subject reads
the words aloud in sequence until 5 of the last 7 items are
missed, or the end of the list is reached. Grade-level
assignments are standardized for the 1st to 12th grades. The
second test was our experimental Timed Word Recognition Test
(TWRT) (Olson et al., 1989; 1994). This test assessed word-
recognition accuracy and latency when single words were
presented on the computer screen. The response to a word was
counted correct only if the correct response was initiated and
detected by a voice key within two seconds. Our goal was to
assess level of word-recognition accuracy while also requiring a
minimal level of speed or fluency. To begin the test, a short
screener list of 14 words was presented to all subjects. They
were instructed to read each word aloud as quickly and as
accurately as possible. Pronunciation accuracy was scored
on-line by the experimenter. Performance on the 14 item
screener list was used to determine initial placement into a
difficulty-scaled list of 182 words. Presentation of the words
continued until the subject made 10 errors out of the last 20
words or until the end of the list was reached. Pronunciation
errors and voice-onset times longer than two seconds were both
errors for list placement purposes. The z scores for the PIAT
and TWRT tests were combined for a single measure of
subjects’ word recognition.

2.2.7. Print Exposure. Stanovich and West (1989) have
developed measures of print exposure to explore its effects on a
variety of reading and language skills. Their measures require
subjects to identify age-appropriate book titles, magazine titles,
or authors and distinguish them from foil items. The particular
measure used here was a book Title Recognition Test (TRT)
containing 40 items, with 25 actual titles of popular children’s
books (Cunningham & Stanovich, 1991). The subjects’ score
was the number of real titles chosen minus the number of foils
chosen.
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2.2.8. Summary of General Testing Procedure. The above tests
were presented in a fixed order as part of a larger test battery
during two 2.5 hour sessions. The IQ, PIAT, RAN, and IPT tests
were administered in one session in John DeFries’ laboratory at
the Institute for Behavioral Genetics. The orthographic tasks
(WPC & HC), phonological decoding tasks (ONR & SNR),
phonological awareness tasks (PST, PD, LAC), word
recognition (TWRT), and print exposure (TRT) tasks were
administered in a different session on the same day in Richard
Olson’s laboratory at the Department of Psychology.

2.3. Exploratory Factor Analysis

Subjects’ scores on the above measures were adjusted for the
linear and quadratic effects of age. Then the distributions for
each variable were examined for their normality. Natural log
transformations of the median latency scores and the truncation
of a few outlier scores were needed to normalize the
distributions. The scores were then entered in a Principal-
Components factor analysis. The rotation was oblique because
we expected at least some of the factors to be correlated. (A
varimax rotation yielded essentially the same factor structure
but the factors were not correlated.) The unique patterns of
variable loadings on the individual factors are described below.

2.3.1. Phonological Factor. The factor structure matrix and factor
correlation matrix are presented in Table 1. The loadings in the
structure matrix represent the correlations between the
individual variables and the specific factors. The first factor,
accounting for 41% of the variance, is distinguished by
uniquely high loadings for word recognition, phonological
decoding (ONR & SNR), and phonological awareness (PST, PD,
& LAC), and WRAT spelling. This factor is identified as the
phonological factor. The existence of a common factor for word
recognition, phonological decoding, and phonological
awareness is entirely consistent with a vast body of research
relating these variables (c.f., Adams, 1990; Catts, 1989;
Liberman, Shankweiler, & Liberman, 1989; Morais, 1991;
Stanovich, 1986; Vellutino & Scanlon, 1987; Wagner, Torgesen,
& Rashotte, 1994).

The WRAT spelling production task also loads strongly on
the phonological factor. This may be due to the presence of
mostly regular words in the lower range of this test where
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subjects could use their knowledge of phoneme-grapheme
correspondence rules to produce the correct spelling even when
they were not familiar with the printed word.

2.3.2. Orthographic Factor. The third factor, accounting for 10%
of the variance, is the only other factor that also shows a high
loading with word recognition. It is distinguished from the
phonological factor by high loadings with the orthographic
tasks (WPC, HC, PIAT), and the Title Recognition Test. The
hypothesized greater involvement of phonological skills in the
PIAT spelling task, compared to the other orthographic tasks,
was supported by its relatively high loading on the
phonological factor.

The uniquely high loading of the Title Recognition Test on
the orthographic factor is consistent with the task demands.
Previous print exposure for the specific target words in the
orthographic tasks (e.g., rain rane; salmon sammon) is a logical
necessity for accurate performance, regardless of how good
subjects’ phonological decoding skills might be (Gough, Juel, &
Griffith, 1992). In several previous studies, correlations
between print exposure, word recognition, and orthographic
coding have been significant, but correlations between print
exposure and phonological decoding or phoneme awareness
are usually lower and often not significant (Cipielewski &
Stanovich, 1992; Cunningham & Stanovich, 1991, 1993;
Stanovich & West, 1989). These previous studies and the
present results suggest that print exposure contributes to the
development of word recognition primarily through its
influence on the development of accurate orthographic codes.
The fact that print exposure did not also show a high loading
on the phonological factor suggests that variance in this factor
may be more due to biological constraints and/or the effects of
specific training in phonological coding (see Section 4).

2.3.3. IQ Factor. The second factor, accounting for 10% of the
variance, is distinguished by high loadings on the Kaufman
Verbal and Perceptual IQ measures as well as the Identical
Pictures Test. Therefore, the second factor is given the “I1Q”
label. The Verbal measure also loads at a moderate level and
about equally on the phonological and orthographic factors. In
contrast, the Perceptual measure and the Identical Pictures Test
showed very low loadings on these factors. The latter result
seems to contradict the idea that deficits in orthographic coding
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Table 1
FACTOR STRUCTURE MATRIX
Phonological 1Q Orthographic  Rapid Naming
Factor 1 Factor 2 Factor 3 Factor 4
Word Recognition .79 -.06 Z6 27
Oral Nonwords .80 -18 57 28
Silent Nonwords .74 -02 52 18
Phoneme Segmentation .72 18 32 31
Phoneme Deletion 7 15 20 15
Lindamood (LAC) 77 28 28 05
WRAT Spelling Prod. .84 00 65 29
Word-Pseudohomophone .42 -.01 81 38
Homophone Choice 26 07 84 27
PIAT Spelling Choice 54 -07 74 34
Title Recognition 29 15 67 08
RAN Letters & Numbers .36 -04 32 83
RAN Pictures & Colors .17 11 25 79
Identical Pictures 04 .63 18 57
Kaufman Verbal IQ 43 62 39 -06
Kaufman Perceptual IQ .16 8 03 .10

FACTOR CORRELATION MATRIX

FACTOR 1 FACTOR 2 FACTOR 3
FACTOR 2 09
FACTOR 3 43 04
FACTOR 4 18 05 25

are uniquely associated with deficits in visual-perceptual skills
(Corcos & Willows, 1993; Seymour & Evans, 1993). With the
possible exception of a few case studies (c.f., Goulandris &
Snowling, 1991), we are not aware of any visual processing
deficits that have been specifically linked to deficits in
orthographic coding but not to phonological coding. However,
it is possible that the visual processing involved in orthographic
coding is quite different from that involved in the present
perceptual tasks (Seymour & Evans, 1993). Carr and Posner (in
press) reviewed PET scan evidence suggesting that the left
medial prestriate visual cortex is a primary location for some
stage of orthographic processing. This cortical region is nearby
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and strongly connected to the primary visual cortex. In
contrast, the processing of pictorial information tends to be
more dominant in parietal and temporal areas of the right
hemisphere.

2.3.4. Rapid Naming Factor. Finally, the fourth factor,
accounting for 7% of the variance, is uniquely specified by high
loadings on the Rapid Automatic Naming (RAN) tasks and to a
smaller degree on the Identical Pictures Test (IPT). Although
the IPT test did not involve naming, it did emphasize
processing speed. There has been much interest of late in the
relation between rapid naming, general processing speed, and
reading disabilities. Felton and Wood (1992) have noted that
the prognosis is particularly bad for young disabled readers
with deficits in both phonological decoding and rapid naming.
However, within the present sample, the rapid naming tasks
exhibit only modest and similar correlations with the
phonological and orthographic factors. The latter result is
inconsistent with Bowers and Wolf's (1993) conjecture that
deficits in rapid naming are uniquely associated with deficits in
orthographic coding.

Two previous studies have shown that subjects’ rapid
naming scores account for independent variance in word
recognition beyond that accounted for by measures of
phonological awareness (Cornwall, 1992; Bowers & Swanson,
1991). This finding was confirmed in the present sample. A
hierarchical regression analysis was performed with our
composite measure of word recognition as the dependent
variable. Subjects’ Verbal IQ and the three measures of
phonological awareness were entered in the first step,
accounting for 41% of the variance. (Verbal IQ accounted for
only 1% additional variance beyond that accounted for by
phonological awareness.) Subsequent entry in the second step
of subjects’” rapid naming scores for numbers and letters
accounted for an additional 6% of the variance in word
recognition (p < .001). Entry of rapid naming in the first step
accounted for 18% of the variance in word recognition. Thus,
two thirds of the rapid naming variance in word recognition
overlapped with phonological awareness and one third was
independent. This result is quite remarkable in view of the
very brief test time in the letter and number tasks (15 sec for
numbers, 15 sec for letters). Regression analyses were also
performed with naming speed for pictures and colors. Their
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combined independent contribution to variance in word
recognition was significant (p < .01) but much smaller (1%).

2.3.5. Correlation Between Orthographic and Phonological Factors.
The oblique rotation allows for a correlation to emerge between
the orthographic and phonological factors (r = .43). The
strongest link between the factors is based on the nearly equal
and high loadings of word recognition. But moderate cross-
loadings of the orthographic and phonological coding variables
are also apparent. Oral and silent nonword reading load on the
orthographic factor at .57 and .52 respectively. Of the
orthographic tasks, PIAT spelling shows the strongest loading
on the phonological factor of .54, perhaps due to phonological
differences in some of its foil items. But for the word-
pseudohomophone task with homophonic foils, there is still a
modest loading of .42 on the phonological factor.

It is interesting to note that the phonological awareness
measures, particularly phoneme deletion, show very modest
correlations with the orthographic factor. It has often been
suggested that subjects perform phonological awareness tasks
by consulting an orthographic image. This may be true in some
cases, but the relatively low phonological-awareness-task
loadings on the orthographic factor suggest a small role for
orthographic processes in the present sample.

2.4. Independent Contributions to Word Recognition

We have seen that the phonological and orthographic factors
are moderately correlated and that subjects” word recognition
loads strongly on both. Much of the correlation between the
factors appears to be due to the phonological decoding and
orthographic coding measures. We now turn to the results of
regression analyses to assess the independent contributions of
these hypothesized component skills in word recognition to
subjects’ levels of word recognition.

Two hierarchical regression analyses revealed the
independent contributions of orthographic and phonological
coding. In both analyses, the composite measure of word
recognition was the dependent variable. In the first analysis,
the silent and oral nonword reading measures of phonological
coding were entered in the first step and the three orthographic
coding measures were entered in the second step. The second
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analysis reversed this order of entry. The results are shown in
the top half of Table 2.

Three main results are apparent. First, both phonological
and orthographic coding account for significant independent
variance in subjects’ word recognition. Second, the
independent variance is about twice as large for phonological
coding. Third, the majority of variance accounted for in word
recognition is shared by phonological and orthographic coding.

Table 2
Hierarchical Regressions Predicting Word Recognition

Step  Predictor R2 R2 Change P
1 Phonological Coding .698 698 <.001
2 Orthographic Coding 79 101 <.001
1 Orthoqraphic Coding .582 582 <.001
2 Phonological Coding 79 217 <.001
1 Phonological Coding 698 698 <.001
2 Print Exposure 725 027 <.001
3 Orthographic Coding 805 080 <.001
1 Phonological Coding 698 698 <.001
2 Orthographic Coding 79 101 <.001
3 Print Exposure 805 006 <.01

A second set of regression analyses focused on the
contribution of print exposure (Title Recognition Test) to
variance in word recognition after controlling for phonological
coding in the first step. Print exposure was then entered as the
second step and as the third step after orthographic coding (see
the bottom half of Table 2). It is clear that print exposure does
account for a modest (2.7%) amount of independent variance
after phonological decoding. However, it makes only a very
small (0.6%) but significant contribution when entered as the
third step after orthographic coding. It appears that the
contribution of print exposure to word recognition is almost



42 OLSON, FORSBERG, & WISE

entirely subsumed under the contribution of orthographic coding.

The relatively small contribution of print exposure to
variance in word recognition, after phonological coding, should
be viewed in the context of the measure’s psychometric
limitations. The forty yes-no forced-choice trials are likely to
result in much error variance associated with guessing. Also,
children vary in their exposure to specific books whose titles
may or may not appear on this brief test. In view of these
limitations, it is remarkable that the title recognition test
accounts for as much variance as it does. We hypothesize that
the full influence of print exposure is likely to be much larger
than that revealed by the title recognition test. Ideally we
should have diary information on children’s absolute levels of
print exposure (Anderson, Wilson, & Fielding, 1988), but we do
not have the resources to apply this type of measure in our
large sample.

2.5. Summary of Factor Analyses and Regression Results

It is clear that the phonological and orthographic factors are
distinct yet substantially correlated. Beyond the phonological
and orthographic coding tasks, the distinction between the
factors appears to be primarily in the uniquely high loading of
phonological awareness measures on the phonological factor
and the uniquely high loading of print exposure on the
orthographic factor. The phonological and orthographic factors
were quite similar in their correlations with measures of visual-
perceptual processes, rapid naming, and verbal IQ.

The regression analyses with word recognition as a
dependent variable showed that the contributions of
phonological and orthographic coding were largely
overlapping, but there were significant independent
contributions as well. The latter result raises the possibility that
these two component coding skills in word recognition could
show different patterns of deficit and different developmental
etiology. The severities of disabled readers’ deficits in
orthographic and phonological coding are compared in the next
section.

3. READING-LEVEL-MATCH (RLM) COMPARISONS

When same-age groups of disabled and normal readers are
compared, the disabled group is typically significantly lower in
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performance on a wide variety of component reading and
language skills (Stanovich, 1986). Some skills may appear to be
more deficient than others, but the psychometric characteristics
of different measures (e.g., different variance and reliability)
often make it difficult to compare the different degrees of
deficit. An additional problem for researchers attempting to
locate potential causal influences on reading disability is that
reading skill may have a reciprocal influence on other skills
(e.g., vocabulary, phonological awareness). One popular
approach for dealing with these problems has been to equate
groups of younger normal and older disabled readers, usually
on a measure of word recognition, and then compare the
group’s profiles on other reading, language, and perceptual
skills. If the reading-level-matched (RLM) disabled and normal
groups’ cognitive profiles are significantly different, this at least
suggests that “...the developmental paths by which the two
groups came to their similar reading levels must be different”
(Stanovich & Siegel, 1994). Converging evidence would be
required to determine the causal role and etiology of any
significant deficits.

3.1. Phonological Coding and Phonological Awareness

Previous RLM comparisons in the CLDRC have revealed
significant phonological coding deficits for the older disabled
group (Conners & Olson, 1990; Olson et al., 1985, 1989). A
number of other studies have reported similar deficits in
phonological coding but some studies have reported no
differences. (No studies have reported superior phonological
coding in disabled groups.) Rack, Snowling and Olson (1992)
recently conducted a meta analysis of RLM studies on
phonological coding and argued that some of the failures to
find deficits were due to methodological problems such as
inaccurate matches on word recognition or small sample sizes.
Manis (personal communication) subsequently suggested that
the use of reading disabled groups from special schools with
intense phonics remediation might eliminate their phonological
coding deficit in RLM comparisons.

Rack et al. speculated that some RLM studies did not find
phonological coding deficits because the disabled groups’ 1Q
scores were low. The low IQ groups might have a different
basis for their reading deficit (Stanovich, 1988). However,
recent studies by Felton and Wood (1992), Siegel (1988, 1992),
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and Stanovich and Siegel (in press) have shown essentially the
same significant phonological deficits in disabled groups with
low and normal IQ. In addition, behavioral-genetic analyses
have shown similar levels of genetic influence on reading
deficits in low and normal IQ groups (Pennington, Gilger,
Olson, & DeFries, 1992).

Some of the most convincing evidence for disabled readers’
phonological coding deficits and their independence from IQ
has been reported by Stanovich and Siegel (in press). In order
to avoid potential regression artifacts that may arise in RLM
designs (Jackson & Butterfield, 1989), Stanovich and Siegel used
a continuous regression-based procedure to control for subjects’
level of word recognition. Their large sample included disabled
and normal readers whose word-recognition-grade levels
ranged from 1 to 5.8. Three subject groups were defined that
included normal readers, disabled readers performing
significantly below their IQ level, and disabled readers
performing at a level that was consistent with their low IQ.
When phonological coding was the criterion variable and
variance associated with word recognition was regressed out,
the regression weights for the group contrasts indicated a
similar phonological coding deficit for both of the reading
disabled IQ groups, compared to the normal readers.

Disabled readers’ deficits in phonological coding have been
shown to coexist with deficits in phonological awareness.
Several recent RLM studies have followed the lead of Bradely
and Bryant (1978) and have included measures of both
phonological coding and phonological awareness (Bowey, Cain,
& Ryan, 1992; Bruck, 1992; Manis, Custodio, & Szeszulski, 1993;
Manis, Szeszulski, Holt, & Graves, 1990; Olson et al., 1989;
Pennington, Van Orden, Smith, Green, & Haith, 1990). The
disabled groups in these studies were deficient in both skills.
Converging evidence for a causal influence of phonological
awareness on phonological decoding and word recognition
comes from the positive influence of pre-schoolers’ training in
phonological awareness on later reading ability (c.f., Byrne &
Fielding-Barnsley, 1993; Lie, 1991; Lundberg, Frost, & Peterson,
1988). Also, Wagner et al. (1994) reported the results of causal
models of longitudinal data from the beginning of kindergarten
to the end of the second and first grades that were consistent
with the causal influence of phonological awareness on later
reading.
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3.2. Orthographic Coding

A few RLM studies have compared disabled and normal
subjects’ orthographic coding skills. Olson et al. (1985, 1989)
found no significant difference between disabled and normal
groups’ accuracy in the word-pseudohomophone choice task,
but the older disabled groups were significantly faster. This
greater speed yielded a modest but significant advantage for
the disabled group when the accuracy and latency scores were
combined. Manis (1993) recently reported a study that included
measures similar to our word-pseudohomophone and
homophone choice tasks. No significant differences between
the reading-level-matched groups were found for these
orthographic measures. However, as in the studies by Olson et
al., the disabled group did show significant deficits in
phonological coding and phonological awareness.

Disabled readers in an RLM comparison have shown superior
performance on accuracy in a non-lexical forced-choice
orthographic task. Siegel, Geva, and Share (1993) presented
pairs of nonwords, one of which contained Iletter
sequence/ positions that were common in words, the other not.
Subjects were asked to select the nonword that was most like
English words (e.g., filv-filk; moke-moje; vism-visn; powl-
lowp). In contrast to earlier studies of word-likeness
judgments, both choices in the Siegel et al. study were
pronounceable nonwords. This task is quite interesting because
it does not require a response to words and it may get at a more
general level of orthographic knowledge than the previous
tasks that used words. Disabled readers were significantly
more accurate in this task than a younger normal group
matched on word recognition. Stanovich and Siegel (in press)
recently confirmed this result using their continuous regression
procedure that we discussed earlier. Stanovich and Siegel also
found that disabled readers performed above their level of
word recognition on the forced-choice PIAT spelling
recognition test. Inexplicably, their disabled readers showed a
small but significant deficit on accuracy in an adaptation of the
Olson et al. (1985) word-pseudohomophone choice task.

Analyses of spelling errors in spelling-level-matched groups
have also suggested that disabled readers have a higher level of
sensitivity to certain orthographic features. Pennington,
McCabe, Smith, Lefly, Bookman, Kimberling, and Lubs (1986)
reported that disabled readers’ spelling errors on the WRAT
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were significantly more accurate in some complex aspects of
English orthography. Lennox and Siegel (1993) found that
while the misspellings of poor spellers tended to be less
phonologically accurate, their errors were more visually similar
than those of good spellers at the same spelling age.

The evidence reviewed so far supports superior or at least
equal performance for disabled readers’ orthographic reading
and spelling processes when compared to younger normal
subjects at the same reading or spelling levels. However, a
seemingly minor change in orthographic-task procedure yields
strikingly different results. Manis et al. (1990) had subjects
listen to a word (e.g., “street”) and subsequently press a yes or
no button to indicate if a letter string presented on the
computer screen was the correctly spelled word. Foils
presented on 50% of the 42 trials were pseudohomophones of
the target word (e.g., “streat”). Unlike the Olson et al. (1985,
1989) and Manis (1993) results with a forced-choice between a
target and foil, disabled readers in the Manis et al. (1990) task
were significantly less accurate than their younger normal
comparison group, primarily due to a higher number of false-
positive responses. Manis et al. (1990) included a second
orthographic task wherein subjects listened to a sentence (“It is
the last day of the week”), and then a word was presented on
the screen that was either the correct word for the sentence
(week) or an incorrect homonym (weak). Subjects pushed a yes
or no button to indicate if the trial contained the correct word.
As in the above word-pseudohomophone task, the dyslexic
subjects showed a significant accuracy deficit in a RLM
comparison with younger normal readers, again because of too
many false-positive responses.

Manis, Custodio, and Szeszulski (1993) reported a replication
of their earlier results for the above tasks in a new sample, so
their finding of an orthographic coding deficit appears to be
robust for the “yes-no” tasks. Again, the disabled readers’
deficit was primarily due to a higher number of false-positive
responses. It appears from these results that the orthographic
representations disabled readers typically use for word
recognition may be less precise than those of younger normal
readers at the same reading level. Perfetti (1992) has argued
that there is a developmental continuum from low to high
precision in lexical representations and the development of this
precision is linked to development in the precision of
phonological representations. From this point of view, it is not
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surprising to find similar deficits in phonological and
orthographic coding. Such a result is consistent with a highly
integrative view of development in phonological and
orthographic processes (Ehri, 1992).

On the other hand, the absence of an orthographic deficit
when targets and foils are presented simultaneously seems to
support a more separatist view of orthographic and
phonological coding processes. Perhaps disabled readers
typically approach the reading task with a lower criterion for
orthographic precision, but they can demonstrate reading-level-
appropriate recognition memory for target words’ orthography
when the words can be simultaneously compared with foils.
Future reading-level-match comparisons should include both
types of orthographic measures with the same subjects to be
sure that sample differences or regression artifacts are not
leading to different results. It would also be helpful to include
other converging measures of orthographic precision in reading
and spelling. For the present, the reading-level-match studies
yield conflicting evidence regarding disabled readers’ cognitive
profiles for orthographic coding.

4. BEHAVIORAL-GENETIC EVIDENCE

A fundamental question about the development of individual
differences in reading and related skills is their genetic and
environmental etiology. In this section we present evidence
from identical and fraternal twins concerning the balance of
genetic and environmental influences on disabled readers’
deficits in word recognition, orthographic coding, phonological
coding, and phonological awareness. In addition, a series of
bivariate analyses will assess the degree to which the correlated
deficits in different skills are due to the same genes.

4.1. Methods and Assumptions for Behavioral-Genetic Analyses of
Twin Data

Identical and same-sex fraternal twins are being tested in the
CLDRC to obtain estimates of the proportion of genetic, shared-
environment, and non-shared environment influence on twin
similarities in reading and related cognitive skills. Identical
twins develop from the same sperm and egg (they are
monozygotic or MZ), and thus share all their genes. Fraternal
twins are derived from two different sperm-egg combinations
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(they are dizygotic or DZ), just as ordinary siblings, and they
share half their segregating genes on average.

The behavioral-genetic interpretation of data from MZ and
DZ twins is based on several assumptions, including additive
influence from any relevant genes, no assortative mating, and
an equal degree of shared environment for MZ and DZ pairs
(Plomin, DeFries, & McClearn, 1990). If these assumptions are
not violated to a significant degree, comparing MZ and DZ
within-pair differences provides valid estimates for the
proportions of genetic, shared-environment, and non-shared
environment influences on average twin resemblance.

Traditional twin studies of the full range of individual
differences across the population may compare the correlations
for MZ and DZ pairs. A significantly higher correlation for MZ
pairs provides evidence for a genetic etiology. Different
methods are used to assess the heritability of extreme
deviations from the normal population, such as reading
disability. Earlier twin studies of reading disability (c.f.,
Hallgren, 1950; Stevenson, Graham, Fredman, & McLoughlin,
1987) compared the “concordance rates” (the proportion of twin
pairs that share the categorical deficit) between MZ and DZ
twins. However, a more appropriate and powerful statistical
approach can be used to assess the group heritability for
varying degrees of deviance in characteristics such as reading
disability that fall on a continuous dimension (DeFries &
Fulker, 1985). In DeFries and Fulker’s approach, an affected
twin (the “proband”) is identified based on a severity criterion
for deviation from the mean of the normal population. (In the
analyses described here, probands included those individuals
who were at least 1.5 sd below the mean of the control group).
Genetic and shared-environment influence is then assessed by
comparing the MZ and DZ cotwins’ regression toward the
control group mean. For example, suppose that the average
proband deficit for both MZ and DZ twins is 2 sd below the
population mean for a particular measure. If there is no test
error and individual differences in performance on that
measure are completely heritable, the MZ cotwins should show
no regression to the population mean because they share
identical genes. DZ cotwins should regress half way (1 sd) to
the population mean because they share half their segregating
genes, on average. On the other extreme, if there is no
heritability for a particular measure, MZ and DZ cotwins would
show equal regression to the population mean. Differential
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cotwin regression between these two extreme examples would
indicate an intermediate level of heritability.

Twin data are also informative about the degree to which
shared environment is important for individual differences. If
both MZ and DZ cotwins showed no regression to the
population mean, this would indicate that shared family
environment accounted entirely for individual differences
across the twin pairs. In the more likely case in which MZ
cotwins regress somewhat to the mean due to test error and
non-shared environment, and DZ cotwins regress more, but
somewhat less than half way to the mean, the combined
influence of shared environment and genetic factors is indicated
for the probands’ group deficit.

The multiple-regression procedure developed by DeFries and
Fulker (1985) yields estimates and standard errors for the
proportion of genetic influence on the probands’ group deficit
(h2g). Related procedures reveal the proportion of shared-
environment influence (c%). The difference between the sum of
these estimates and 1.0 indicates the proportion of twin
differences due to non-shared environment and/or test error.

4.2. Results of Behavioral-Genetic Analyses

DeFries, Fulker, and LaBuda (1987) reported the first evidence
from the CLDRC for the heritability of reading disability. They
selected probands based on their low performance on a
composite variable that included the word recognition, spelling
recognition, and reading comprehension scores on the PIAT.
The resulting heritability estimate for the composite variable
was h2, = .29 + .10 SE; p < .05 (SE is the standard error of the
estimate and the p value indicates the probability that the
population h2, is greater than zero). Subsequent estimates of
heritability for the group deficit on the composite reading
variable have increased as the twin sample has become larger.
The most recent heritability estimate from a sample of 133 MZ
and 98 DZ pairs was h2, = .51 + .10 SE (Gillis, 1993). The
estimate of shared-environment influence on the group deficit
was also highly significant (2 = .41+ .10 SE).

We have been particularly interested in possible differences
in the patterns of genetic and environmental influence on
different reading and related language skills. Table 3 includes
results from separate heritability analyses for the individual
PIAT measures incorporated in the composite score discussed
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above. For each variable independently, MZ and DZ pairs were
selected wherein at least one member of the pair was below -1.5
sd from the comparison group mean.

The number of MZ and DZ twin pairs entered in each
analysis is presented under each variable name on the left side
of Table 3. The sample sizes differ across the different variables
depending on the variance in the normal comparison sample
and the degree to which the variables correlate with the initial
group assignment from school records. PIAT Word
Recognition has the highest correlation with group assignment
and is the most reliable of the three measures. Thus, it has a
larger sample than the other two variables.

It can be seen in Table 3 that for PIAT Word Recognition and
PIAT Spelling, the MZ cotwin’s regression toward the
population mean is substantially less than that observed for the
DZ cotwins. These patterns of differential regression yield
substantial estimates for both genetic and shared-environment
influence. However, the regression pattern is somewhat
different for the PIAT Reading Comprehension variable. The
difference between MZ and DZ cotwin regression is smaller,
yielding a lower estimate for genetic influence and a higher
estimate for shared-environment influence on the group deficit
in PIAT Reading Comprehension. With the present sample
size, the differences between the heritabilities for PIAT Reading
Comprehension and PIAT Word Recognition or Spelling
Recognition are not statistically significant (p > .05). If the
present trend is statistically confirmed in a larger sample, it
would indicate that the pattern of genetic and environmental
etiology for group deficits is different across the PIAT subtests.

Separate heritabilities for deficits in orthographic coding
(word-pseudohomophone choice) and phonological coding
(oral nonword reading) were first reported by Olson et al. (1989;
also in Olson, Wise, Conners, & Rack, 1990). The results were
word recognition h2; = .40 * .12, orthographic coding h?; = .28 +
.16, and phonological coding h2, = .47 + .14. From these
preliminary analyses it appeared that the heritability of
phonological coding was higher than that for orthographic
coding, although the contrast was not statistically significant.

There were several problems with this initial study (Olson et
al., 1989). One was the small sample size. Another was the way
in which probands were selected for the regression analyses.
The lowest scoring twin was always selected as the proband
and the higher scoring twin was the cotwin. This procedure
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introduces too much regression associated with error variance
and it is not appropriate for “truncate” selection wherein our
twin subjects were ascertained based on a deficit in either
member of the pair (see Thompson & Thompson, 1986; DeFries
& Gillis, 1991). With “truncate” selection, it is appropriate to
“double enter” a twin pair if both members fall below the
deficit criterion level. In this case, each twin is entered twice,
once as the proband and once as the co-twin. The standard
errors are subsequently adjusted to reflect the single-entry
sample size. This was the procedure followed for the analyses
presented in Tables 3, 4, and 5.

Table 3

Genetic (h2g) and Shared Environment (c2g) Influence on Group Deficits in
Disabled Readers’ PIAT Word Recognition, PIAT Spelling Recognition,
and PIAT Reading Comprehension

MZ MZ DZ DZ
Task Proband Cotwin Proband Cotwin h%(SE) ¢2,;(SE)
PIAT Word -2.59 =237 -2.55 -1.75 46 (10 45(11)*
(MZ=174,DZ=126)
PIAT Spell -231 -1.94 -2.33 -1.39 48 (11)*  .36(.11)*
(MZ=155,DZ=107)
PIAT Comp. -2.35 -1.84 =227 -1.48 27 (12  .52(.11)*

(MZ=151, DZ=96)

NOTE: The numbers of MZ and DZ pairs for each measure are presented in
parentheses.

* = p < .01 for estimates significantly greater than 0. h; =2* CMZ/PMZ - CDZ/PDZ;
¢2g = 2CDZ/PDZ - CMZ/PMZ.

Our most recent behavioral-genetic analyses included a
much larger twin sample and employed the “double entry”
procedure described above. The new results for word
recognition (combined PIAT and TWRT), phonological coding
(combined accuracy and latency in the oral nonword reading
task), orthographic coding (combined accuracy and latency in
the word-pseudohomophone choice task), and Phonological
Awareness (Phoneme Segmentation and Transposition) are
presented in Table 4.



52 OLSON, FORSBERG, & WISE

It can be seen in Table 4 that for the group deficit in word
recognition, genetic and shared-environment influences are
both substantial and approximately equal, while non-shared
environment influence is very low (1 - (47 + .48) = .05). For
phonological coding, orthographic coding, and phonological
awareness, the genetic influence appears to be somewhat
stronger than the influence of shared environment. However,
with the present sample size and standard errors, there are no
statistically significant contrasts with the genetic and shared-
environment effects for word recognition.

Table 4

Genetic (h2g§and Shared Environment (c? Influence on Group Deficits in
Word Recognition, Phonological Coding, Orthographic Coding,
and Phonological Awareness

Mz MZ DZ Dz

Task Proband Cotwin Proband Cotwin h2g(SE) 2 (SE)
Word Reco& 265 252 262  -1.87 .47(09)* .48(11)*
(MZ-183,DZ=129)

Phonological 263 228 262 150  59(12)t .27 (12)*

(MZ=151,DZ=105)

Ortho a%hic -2.77 -2.37 -2.71 -1.56 .56 (.13)* .29 (.13)*
MZ=132,DZ=92)

Pho. Awareness  -3.37 -2.67 -2.79 -1.39 .60(.17)* .20(.16)
(MZ=93,DZ=68)

In relation to our previous reports (Olson et al., 1989, 1990),
the most surprising result in Table 4 is the nearly identical
patterns of genetic and shared-environment effects for
phonological and orthographic coding. Although contrasts
were not significant in previous reports, there was a trend
toward higher heritability for phonological coding. Now with a
substantially larger sample and more appropriate analyses of
the twin data, the patterns are very similar. Our other
measures of orthographic coding (PIAT Spelling Recognition,
see Table 3, and Homophone Choice) and phonological coding
(Silent Nonword Reading) yielded very similar results.
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There was a strong genetic influence on deficits in phoneme
awareness (Phoneme Segmentation and Transposition) and no
significant effect of shared environment. A similar result was
found for the Phoneme Deletion measure (h2; = .70 + .19; ¢2 =
.16 + .18). Because this measure was recently introduced in the
test battery, the sample was much smaller (68MZ, 49DZ),
resulting in larger standard errors.

Even though deficits in the different reading and language
skills in Table 4 are similarly heritable, it cannot be assumed
that the same genes are operating to produce these deficits. For
example, we might find that individual differences in height
and word recognition have similar heritability levels, but they
are most certainly influenced by different genes. Of course
height and word recognition are not likely to be correlated at
the phenotypic level. But even though the variables in Table 3
are significantly correlated, it does not follow that these
correlations arise primarily through genetic influence. They
could just as likely arise primarily through the influence of
shared environment.

The degree of common genetic influence across different
variables can be assessed by a bivariate extension of the DeFries
and Fulker (1985) univariate multiple-regression procedure. In
the bivariate extension, the proband is selected for a deficit on
one variable and cotwin regression to the population mean is
assessed for the second variable (Stevenson, Pennington, Gilger,
DeFries, & Gillis, in press). The resulting bivariate estimate of
h2g is a function of the group heritabilities for the two variables
and the degree to which these group heritabilities are
influenced by the same genes. Furthermore, the ratio of the
bivariate heritability to the observed standardized covariance
between the variables yields an estimate of the proportion of
the correlation between the variables that is due to the same
genes. For example, the bivariate heritability could be low
between two variables because their covariance is low, but most
of the variables’ shared variance could be due to the same
genes. Examples of this situation are in Table 5.

Table 5 presents the results of a series of bivariate heritability
estimates. For each estimate, the proband is selected on the
variable that is most highly correlated with the initial group
designation of school history. This selection is least likely to
violate significantly the assumptions of the DeFries and Fulker
(1985) multiple-regression procedure. The first column in Table
5 presents the estimate of bivariate heritability with its standard
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error. The second column presents the regression coefficient
between the two variables within the proband sample, which
provides an unbiased estimate of their linear relationship in
selected samples. The third column includes the estimates and
their standard errors for the proportion of the correlation
between the two variables that is due to common genetic
factors.

The first three analyses in Table 5 all involve proband
selection on deficits in word recognition and cotwin regression
on a second variable. The bivariate heritability estimates were
significantly greater than zero (p < .05) for phonological coding,
orthographic coding, and phonological awareness. After
dividing these estimates by the regression coefficient, the
estimates in the right column represent the proportion of the
correlation due to common genetic influences. These estimates
are all quite high, indicating that the observed covariances are
due primarily to heritable influences.

The lower block of bivariate heritability estimates in Table 5
includes a proband selection on phonological coding and
cotwin regression on orthographic coding. It is clear that there
is also significant bivariate heritability for these two variables,
as there is between each of the variables and phonological
awareness.

Table 5

Genetic Influence on Bivariate Relations

Proband Cotwin Bivariate = Regression Genetic
Variable Variable Heritability Coefficient = Proportion
Word Rec. - Phonological 43 +.10 742 58 +.14
Word Rec. - Orthographic 29 +.12 420 69 +.29
Word Rec. - Ph. Awareness .46 +.16 613 75 +.26
Phonological - Orthographic 43 +.14 649 66 +.22
Phonological - Ph. Awareness 51 +.18 656 78 +.27
Orthographic- Ph. Awareness 44 + .20 515 .85 +.39
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5. GENERAL DISCUSSION AND CONCLUSIONS
5.1. Important Qualifications of Heritability Estimates

Regarding the genetic effects reported in this chapter, it is
important to remember that the estimates of h2; do not pertain
to any individual in the sample. Individual deficits could be
mostly due to genetic factors or mostly due to environment.
What we are observing here are the average genetic and shared-
environment effects on deficits in the disabled group.

The specific type of genetic as well as shared environment
influence could also vary widely across individuals. For
example, different individual reading disabilities could be
variously caused by different single genes or by different
combinations of multiple genes. Genetic linkage analyses
within several extended families containing reading disabled
probands have suggested heterogeneity in the apparent mode
of genetic transmission (Smith, Kimberling, & Pennington,
1991). (The genetic linkage procedure relates reading deficits to
specific loci on the chromosomes.) Thus, there may be different
genetic mechanisms in different individuals leading to the same
or similar reading deficits.

A third important qualification of the behavioral-genetic
results is that estimates of the relative balance of genetic and
environmental influence depends jointly on the amount of
relevant genetic variation and the amount of relevant
environmental variance in the sample. Compared to a sample
that might be drawn from some large cities with an extremely
broad range of educational and socioeconomic environment,
the environmental variation in the Colorado sample may be
relatively homogeneous. Nevertheless, there was a significant
influence of shared family environment for all the group
deficits except phonological awareness. Part of the
environmental variance may be associated with the varying
quality of reading instruction in the Colorado schools that we
have observed in our studies of computer-based remediation
(Olson & Wise, 1992). Some environmental variance may also
be linked to differences in print exposure in the home
(Anderson, Wilson, & Fielding, 1988; Cunningham & Stanovich,
1993).
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5.2. A Shared Genetic Etiology for Correlated Orthographic and
Phonological Deficits

The patterns of genetic and shared-environment influence on
the group deficits were very similar across all measures of
orthographic and phonological coding. Moreover, the estimate
of bivariate heritability was highly significant, indicating a
substantial common genetic etiology for correlated deficits in
phonological and orthographic coding. Thus, within twin
pairs, the specific genetic mechanisms tend to be the same for
correlated deficits in phonological and orthographic coding.

The new results are inconsistent with earlier reports of
apparently strong trends toward higher heritability for
phonological coding deficits (Olson et al., 1989, 1990).
However, the sample size for those estimates was much smaller
and the contrast between orthographic and phonological
coding heritabilities was never statistically significant.

Our new results are also inconsistent with those of the only
other twin study to assess the differential heritability of group
deficits in orthographic and phonological coding. Stevenson,
Graham, Fredman, and McLoughlin (1987) studied the reading
and spelling skills of 275 pairs of 13 year-old London twins. In
this initial report, they found significant differences in the MZ
and DZ concordance rates for deficits in spelling production
but not for deficits in word recognition. However, because the
twin sample in this study was a representative sample of
London twins and was not initially selected for deficits in
reading or spelling, the number of twin probands expressing
deficits was quite small. The contrast in MZ-DZ concordance
patterns between word recognition and spelling deficits would
not have been statistically significant.

A more recent set of analyses from the London twin study
used the same continuous twin regression method that we have
used here (DeFries & Fulker, 1985). Because his sample size
was too small to use our more severe 1.5 sd cut-off for disabled
probands, Stevenson (1991) selected twin probands who were
-1 standard deviation below the sample mean on the respective
measures. As in the earlier concordance analyses, the
heritability for deficits in word recognition was not significant
(h2g = .03 £ .37). The heritability for spelling production was
significant but only after regressing IQ variance from the
subjects’ spelling scores (h2g = .58 £+ .34). The standard errors
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are quite large because there were only about 20 MZ and 40 DZ
pairs in these analyses.

Stevenson (1991) also assessed the heritabilities for deficits in
orthographic and phonological coding. The phonological
coding task involved the untimed oral reading of a list of 30
three-letter nonwords. The orthographic task involved the
untimed oral reading of a list of 39 irregular or exception words
(e.g., answer, break, yacht, gross). For phonological coding, 27
MZ and 36 DZ twin pairs yielded a moderate but statistically
insignificant heritability estimate (h2; = .41 + .39). For
orthographic coding, 6 MZ and 30 DZ twin pairs yielded a
strongly negative heritability estimate (h2; = -.91 £ 53). A
negative heritability estimate indicates there was more average
cotwin regression for the MZ than for the DZ pairs. Such a
result is not consistent with the basic theory of twin designs.
The result is most likely due to error variance and the very
small MZ sample size. In any case, the contrast between the
heritabilities for deficits in Stevenson’s measures of
orthographic and phonological coding is not statistically
significant.

Of course, the lack of statistical significance for the difference
between Stevenson’s (1991) orthographic and phonological
heritabilities does not prove the null hypothesis. The trend
toward higher heritability for phonological coding observed in
Stevenson’s sample could be a real difference without
necessarily contradicting the results of our analyses. The
samples in the London and Colorado studies were different, as
were the measures of phonological and particularly
orthographic coding. Stevenson’s orthographic coding measure
involved the oral reading of exception words. If there was a
wider range of environment for print exposure in the London
sample, previous exposure to some of the uncommon exception
words that would be required for their correct reading may
have been more strongly linked to this environmental variance.

Stevenson (1991) speculated that the low heritability he
observed for deficits in word recognition may have been due to
the large number of exception words in the Schonell Graded
Word Reading Test (Schonell & Schonell, 1960). On the other
hand, our word recognition tests and the three orthographic
choice tasks also contained a number of exception words that
would require previous print exposure for correct performance.

To resolve the difference in results for the London and the
most recent Colorado twin analyses, it would be necessary to
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employ both the exception-word-reading and orthographic-
choice tasks in the same samples. For now, we are left with a
strong but statistically insignificant contrast in heritabilities
from the small sample in the London study, and nearly
identical genetic and shared-environment profiles with small
standard errors in the much larger Colorado study. Results
from the larger sample suggest that if there is any real
difference between the amount of genetic and shared
environmental influence on the group deficits in orthographic
and phonological coding, that difference is not likely to be very
large.

It is important to remember that the relative amount of
genetic and shared-environment influence on phonological and
orthographic deficits may vary widely across individual
proband twins within the disabled group. Furthermore,
although the bivariate analysis suggests a strong common
genetic etiology for the covariance between phonological and
orthographic coding deficits within twin pairs, the specific
genetic etiology for any reliable independent variance in
phonological and orthographic coding could be different. Thus,
it is possible that one proband’s specific genetic defect could
have a stronger impact on phonological coding, while another
proband could have a genetic defect that has greater influence
on orthographic coding.

The twin sample has become large enough for us to begin
exploring the heritability of residual patterns of deficit for
phonological and orthographic coding. When orthographic
coding is regressed on phonological coding, subjects low on the
residual variable are relatively deficient in orthographic coding.
When phonological coding is regressed on orthographic coding,
a different group of subjects low on the residual variable are
relatively deficient in phonological coding. Significant
heritability estimates for deficits on both residual variables
support the possibility of different genetic and environmental
mechanisms for specific deficits in phonological and
orthographic coding. However, we are concerned that the
residual analyses may violate some population assumptions of
the DeFries and Fulker (1985) method for assessing the
heritability of group deficits. Different biologically based
genetic-linkage markers for specific orthographic and
phonological deficits would provide more convincing support.
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5.3. Implications for Dual Route vs. Connectionist Models

We began with a “dual-route” perspective on individual
differences among disabled readers that guided our choice of
the orthographic and phonological coding tasks (Olson et al.,
1985). Early trends in the behavior-genetic analyses seemed to
support differences in the absolute amount of genetic influence
on deficits in phonological (indirect route) and orthographic
(direct route) processing (Olson et al., 1989, 1990). It appeared
that deficits in phonological coding were more heritable,
although the contrast was not statistically significant. We had
thought this apparent trend supported a “dual-route”
perspective by indicating a fundamentally different
developmental etiology for deficits in phonological and
orthographic coding.

The present univariate results suggest that there is little if
any difference in levels of heritability for the group deficits in
phonological and orthographic coding. The bivariate results
suggest further that the covariance between the deficits is
largely due to the same genetic mechanisms. Therefore, the
new results seem more supportive of Ehri’s (1989, 1992)
integrative view of the development of phonological and
orthographic coding skills for most disabled readers. However,
there is some preliminary evidence that some disabled readers
may have unique genetically based deficits in either
phonological or orthographic coding.

Even the integrative view does not necessarily contradict the
“dual-route” model. It is possible that the developmental-
genetic etiology for deficits in phonological and orthographic
processes could be similar within most individuals, but the two
processes could still involve somewhat different mech:anisms
and anatomical substrates. For example, brain mechanisms
associated with good phonological processing could be linked
to the development of anatomically separate, more visually
related processing mechanisms for the accurate representation
of orthographic images. This view is consistent with some
analyses of the apparently selective loss of phonological or
orthographic processes due to brain damage (Coltheart et al,,
1993, but there are other less modular interpretations of the
acquired dyslexia literature). The hypothesis that there are
anatomical differences in the location of orthographic and
phonological reading processes is currently being tested by
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functional neural-imaging techniques (Carr & Posner, in press;
Rumsey, personal communication, 1993).

Connectionist models have raised the possibility of a
developmentally and anatomically integrated mechanism for
orthographic and phonological coding (Plaut & McClelland,
1993; Seidenberg & McClelland, 1989; Van Orden, Pennington,
& Stone, 1990). Computer simulations have demonstrated that
codes for nonwords, regular words, and exception words can
be learned and represented in the same artificial neural network
consisting of orthographic input units, hidden association units,
and phonological output units. Moreover, Plaut and
McClelland have found that after learning a corpus of words,
specific association units participated in the processing of both
exception words, regular words, and nonwords.

Coltheart et al. (in press) and Besner, Twilley, McCann, and
Seergobin (1990) have criticized Seidenberg and McClelland’s
(1989) model for its “dyslexic” performance in reading
nonwords, but Plaut and McClelland’s (1993) modifications in
the structure of the orthographic input and phonological output
units seems to have solved this problem. A number of
researchers are now attempting to simulate reading and
spelling disabilities within connectionist models (c.f., Brown,
Loosemore, & Watson, 1993; Hulme, Snowling, & Quinland,
1991; Seidenberg, 1992). A clue to the simulation of
phonological coding deficits may be taken from the better
performance apparently associated with Plaut and
McClelland’s more precise representation of phonological
structure in the output units. In the following section we
emphasize the importance of deficits in disabled readers’
awareness of phonological structure for the development of
deficits in phonological and orthographic coding.

5.4. A Genetic Etiology From Phonological Awareness To Reading

Deficits in two phonological awareness measures were highly
heritable and demonstrated significant bivariate heritability
with proband deficits in word recognition, phonological
coding, and orthographic coding. Although there is certainly a
reciprocal influence on &honological awareness from learning
to read (Morais, 1991; Wagner et al, in press), phonological
awareness training studies and causal models of longitudinal
data mentioned earlier have provided strong support for the
causal influence of early phonological awareness on later
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reading. Our data are consistent with the hypothesis that the
genetic influence on reading disability arises through
genetically influenced deficits in phonological awareness. Of
course, a more reductionist approach might reveal more
fundamental genetically based deficits in brain processes, such
as poor temporal resolution (Tallal, 1984), that ultimately lead
to deficits in phonological awareness. (We are currently
introducing temporal measures in the ongoing twin study.)
The importance of phonological awareness is that it may be the
main proximal cause of most genetically-based deficits in word
recognition, and thus it may be the most appropriate focus for
diagnosis and remediation.

Although heritabilities were high and shared-environment
influences were not significant for the group deficit in
phonological awareness, training studies have shown
significant improvement in both phonological awareness and
reading. This demonstrates that high heritability does not
imply that a skill can not be significantly improved by training.
It might suggest that some extraordinary environmental
intervention may be required to significantly improve a deficit
that is highly heritable. Our current approaches to the
remediation of phonological awareness in disabled readers are
exploring the training of articulatory awareness as an
intermediate step to phonological awareness (Alexander,
Anderson, Heilman, Voeller, & Torgesen, 1991; Lie, 1991; Wise,
Olson, & Lindamood, 1993), in addition to computer-based
reading practice (Olson & Wise, 1992).

5.5. Independent Variance Between Phonological and Orthographic
Coding

In spite of the significant correlation between the phonological
and orthographic factors, and the substantial genetic
covariation between orthographic and phonological coding
deficits, the fact remains that phonological and orthographic
coding accounted for significant independent variance in word
recognition. The factor loadings for other variables suggested
the basis for these separate contributions to word recognition.
There were no differences in factor loadings for visual
processing, naming speed, or verbal IQ. Thus, there was no
support for theories that have proposed a unique relation
between orthographic coding and visual perception or naming
speed.
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Aside from the different loadings for the orthographic and
phonological coding variables, the key variables that loaded
differentially on the orthographic and phonological factors
were phonological awareness (high on the phonological factor)
and print exposure (high on the orthographic factor). We noted
that previous exposure to the printed target words in the
orthographic tasks is a logical necessity for accurate
performance. Our results for print exposure confirm the results
of earlier studies by Stanovich and his colleagues. We noted
that the true contribution of variation in print exposure was
probably much larger than indicated by the Title Recognition
Test.

Print exposure may explain why many disabled readers’
word recognition and some types of orthographic coding are
able to rise above their more severe deficits in phonological
coding and phonological awareness. Disabled groups in
reading-level match designs are often as much as five years
older than their younger normal comparison groups. Thus, the
older disabled readers may have an advantage in print
exposure that fosters greater orthographic knowledge in spite
of their phonological deficit. The extreme phonological
dyslexic described by Campbell and Butterworth (1985) is a
case in point. This individual was extremely poor in reading
nonwords, but through an extraordinary amount of reading
practice, she was able develop her orthographic knowledge and
had a word-recognition vocabulary that was above normal.
Variation in print exposure may also be related to individual
differences in the balance of orthographic and phonological
skills within groups of disabled (c.f., Castles & Coltheart, 1993)
and normal readers (c.f., Baron, 1979).

We conclude with a puzzle. Preliminary behavior-genetic
analyses for deficits in print exposure (Title Recognition Test)
have revealed no significant heritability (h2; = .17 + .17), but the
estimate of shared-environment effects was highly significant
(c2g = .54 = £ .15). Of course, the nonsignificant heritability
estimate could be wrong, with only 61 MZ and 39 DZ pairs in
the analysis. (We have learned to be cautious about estimates
from small samples.) The review by Plomin and Bergeman
(1991) revealed strong genetic effects on some measures of
environment (e.g., a genotype-environment correlation). But
assuming that the present low heritability and high shared-
environment estimates for print exposure are correct, the
relatively high loading of print exposure on the orthographic
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factor would be consistent with a higher shared-environment
influence on orthographic coding. This we did not find, but the
unique influence of print exposure on orthographic coding
deficits may be relatively weak in this sample, compared to the
substantial genetic influence.
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READING CHINESE AND READING ENGLISH:
SIMILARITIES, DIFFERENCES, AND SECOND-
LANGUAGE READING

1. INTRODUCTION

Any theory of the relation of reading processes to orthography
must be able to account for the reading of Chinese, an
orthography used by more people than any other in the world
(Hoosain, 1991). Because Chinese orthography differs radically
from the alphabetic systems on which most of our conclusions
about the cognitive psychology of literacy have been based, the
study of Chinese provides opportunities to test the extent to
which universal characteristics of the human mind constrain
the way any written language is processed and to identify ways
in which readers may have adapted their processing to
variations in the language they read. Answers to these
fundamental questions are beginning to emerge as more
scholars who are fluent in Chinese become involved in literacy
research.1

Our goal in the present chapter is to summarize and integrate
the recent literature on reading Chinese, including a few of our
own studies. We have tried to provide a balanced perspective
on a literature in which controversy abounds. We begin with a
brief description of characteristics of Chinese orthography that
seem especially relevant for understanding its processing. We
then contrast that processing with the processing of English
words and text, describe some aspects of the development of
Chinese literacy,2 and consider how learning to read Chinese as
a first orthography might influence a bilingual person’s reading
of an alphabetic language.
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2. THE CHINESE WRITING SYSTEM
2.1 Character Construction

The Chinese writing system usually is described as logographic,
that is, as a system in which each graphic symbol represents a
word (e.g., Carr, 1986). This description fits classical Chinese
better than it does the modern writing system, which might
better be described as morphosyllabic (Haynes & Carr, 1990;
Hoosain, 1991), because a character generally represents a
morpheme and a syllable. Chinese contains a great many
homophones, so a character often conveys more precise
information than a spoken syllable. A few characters retain
pictographic elements, but these have diminished as the writing
system has evolved over the centuries, and describing Chinese
as a pictographic orthography would be inappropriate.

More than one system of characters exists. Classical Chinese
remains in use in literature, and most educated readers of
Chinese are familiar with this form of the language. Also, as in
other orthographies, characters can be printed or written in
several styles. However, the same character system is used to
represent the various dialects of Chinese. The traditional
character system still in use in Taiwan has been simplified into
a variant now used in the People’s Republic of China.

Each character occupies a square space. All characters are
written with a combination of eight types of stroke, each of
which is a straight or curved line, completed without stop, that
has a habitual orientation (Wang, 1973). Each stroke has its
own name. A character can contain from 1 up to 29 or more
strokes, and the information packed within a small space can be
very dense (Chen, 1992). The strokes are written in a fixed
order and have a two-dimensional structure in which major
component parts can be organized in any of several ways
(Huang & Wang, 1992). Although the character as a whole
almost always corresponds to a single syllable and morpheme,
it may have component parts that, when they stand alone, have
a different meaning or sound. These principles are illustrated
in Figure 1.

In modern Chinese, most words comprise two characters,
and, by some estimates, words can range up to six characters in
length. However, the most frequently occurring words are
single syllables represented by one character (Hoosain, 1991;
Huang & Wang, 1992). Most cognitive psychological research
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on Chinese word identification processes has focused on single
characters.

Approximately 80-90% of characters are semantic-phonetic
compounds (Hoosain, 1991). One part of a compound
character, called the semantic radical,? suggests something
about its literal or metaphoric meaning. For example,
characters containing the semantic radical that means tree when
it stands alone have meanings that are somehow related to the
concept tree or wood, such as names for paris of a tree or for
things that grow on trees or are made from wood. Most
semantic radicals have a customary position within the square
character space, frequently on the left (Flores d’Arcais, 1992),
which may facilitate their identification. Huang and Wang
(1992) report that there are 214 possible semantic radicals, and
Perfetti, Zhang, and Berent (1992) give an estimate of 188. The
difference between these two estimates may reflect differences
between traditional and simplified characters.

The phonetic part of a semantic-phonetic compound
character provides at least a hint linking pronunciation of the
character to the approximately 400 syllables in the Chinese
dialects (Taylor & Taylor, 1990). In about 25 percent of
semantic-phonetic compounds, the phonetic radical gives the
full pronunciation of the character (Hoosain, 1991), and it gives
some guidance in about 39% of the compounds (Perfetti et al.,
1992). As shown in Figure 1, a phonetic radical may occur
alone with one meaning or in compound with various semantic
radicals with diverse meanings. Whatever the context in which
it occurs, a phonetic radical is likely to be pronounced similarly.
When they do not indicate the full pronunciation of a character,
phonetic radicals often signal the rime part ot a character’s
sound. However, the pronunciation of some phonetic radicals
is quite inconsistent from one character to another (Hue, 1992).

Because semantic and phonetic radicals have customary
positions, pseudocharacters can be formed by creating novel
combinations that preserve these habitual relations. Similarly,
noncharacters can be formed by combining character elements
in illegitimate ways. Researchers studying character
identification (e.g., Cheng, 1992; Lu, 1992) have used
pseudocharacters and noncharacters as stimuli, much as
researchers studying alphabetic languages have used
pronounceable  pseudowords and  illegitimate,
unpronounceable, letter strings.
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Characters Sharing a Phonetic Radical

Character Pronunciation Meaning
,}’ ﬁ- /ts, 1Y/ feeling
-5% Rs19n/ invitation
ﬁ /d3.2/ essence, good at
’ﬁ' /ts.en/ beautiful
Homophone Characters with Different Phonetic Radicals
Character Pronunciation Meaning
“‘i /que/ salmon
fﬂ"' /qu.e / rule
ﬁ‘—‘ /que/ ghost
"ﬁ' / g,u,e/ expensive
Characters Sharing a Semantic Radical
Character Pronunciation Meaning
';i, /8.2 / wash
;‘Q' /haz/ sea
‘,T /h.& / river
p /& pond, pool

Figure 1 Examples of similarities and differences in meanings and
pronunciations of semantic-phonetic compound characters with shared and

distinct elements. All pronunciations are given in Mandarin.
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2.2 Multi-Character Words

About 65% of the words in modern Chinese are composed of
two characters and two syllables (Huang & Wang, 1992). In
some two-character words, each character is of equal
importance in determining the word’s meaning; in others, one
character is the main morpheme and the other provides
modifying or supplementary meaning (Zhang & Peng, 1992).
The relation between the meaning of a two-character word and
the meanings of its components may be obscure.

Word boundaries are not marked in Chinese text. Also, like
single characters, multi-character words generally are not
marked with lexical category or inflection (Chen, 1992). There
is no analog in Chinese to the English system whereby a word
ending in -tion can be recognized as a noun or a word ending
in -ed as a past-tense verb. However, there are some characters
that change the form class of preceding characters. For
example, one character turns a preceding noun, such as beauty,
into an adjective, such as beautiful.

2.3 Text Structure

Characters in text can be ordered either from left to right or
from top to bottom, and different arrangements may be used
within a single document. Right-to-left order also is used on
occasion for headlines and logos. The ends of clauses and
sentences in modern Chinese are marked by punctuation marks
borrowed from Roman script. Word order provides important
information for interpreting a sentence (Chang, 1992), but the
relation of word order within sentences to syntax is complex
(Chen, 1992).

3. HOW CHINESE CHARACTERS ARE READ
3.1 Efficiency

Skilled readers can identify the meaning of Chinese characters
very rapidly (Hoosain, 1991), possibly because characters elicit
meaning more automatically or unavoidably than English
words do (Carr, 1986). Factors determining the speed with
which an individual character can be identified include
frequency of usage (e.g., Hue, 1992; Seidenberg, 1985; Zhang &
Peng, 1992), which is inversely associated with number of
strokes (Hoosain, 1991), and the extent to which a character’s
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pronunciation is predictable from its phonetic radical (Hue,
1992). These factors interact, so that effects of predictable
pronunciation are not observed among high-frequency
characters (Hue, 1992).

3.2 Left Or Right Hemisphere Processing?

The processing of alphabetic orthographies, like the processing
of oral languages, typically is concentrated in the left
hemisphere, which is consistent with interpretation of the
reading of alphabetic text as a task that draws heavily on rapid
sequential phonological processing. In contrast, many studies
of character recognition have been motivated by the
interpretation of characters as pictographs or logographs that
should be processed in the right hemisphere (Carr, 1986). The
literature includes experimental comparisons of responses to
characters and two-character words presented to the right
visual field (RVF), which is served by the left hemisphere (LH),
and to the left visual field (LVF) served by the right hemisphere
(RH). It also includes studies of aphasia and acquired dyslexia
in patients who have suffered localized brain damage.

A substantial clinical case literature indicates that, for readers
of Chinese, just as for readers of alphabetic languages, lesions in
the LH (of right-handed patients) are far more likely than RH
lesions to be associated with acquired dyslexia (Hoosain, 1991;
Yin & Butterworth, 1992). For example, Yin and Butterworth
(1992) describe 11 right-handed acquired dyslexia cases whose
brain damage was documented by CT scans and other imaging
techniques. One patient was a 12-year-old boy, but the
remainder were adults, most over 50 years of age. Only the
child had RH damage. Hoosain’s (1991) summary of earlier
case studies of aphasic patients also supports the broad
conclusion that language functions, including reading and
writing, are lateralized in speakers and readers of Chinese
much as they are in readers of alphabetic languages. The
clinical literature does raise the possibility that the localization
of processing within the left hemisphere may be somewhat
different for Chinese and alphabetic orthographies, with lesions
in the parietal-occipital cortex more likely to occur in Chinese
dyslexics (Hoosain, 1991; Yin & Butterworth, 1992).

The experimental literature is less clear-cut, and the
conclusions one draws from it about the lateralization of
character processing seem to be associated with stimulus and
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task characteristics. Hoosain (1991) has reviewed a number of
studies in which the processing of two-character Chinese
words, like the processing of English words and letters, was
more efficient if the stimuli were presented to the RVF. The
processing of single characters sometimes shows a similar
RVF/LH advantage, but a number of investigators have found
a LVF/RH advantage, or no advantage, for these stimuli.

Hoosain (1991) suggests that perceptual factors may be more
important than orthographic/linguistic ones in producing the
single-character results. Studies showing a LVF/RH advantage
for single character identification often have a combination of
task features, such as very short exposure times and low
luminance, that create a degraded visual signal better suited to
RH processing. These results remain ambiguous, but the bulk
of the experimental and clinical evidence does suggest that
reading Chinese, like reading an alphabetic language, is an
activity dominated by LH functioning.

3.3 Character Recognition

3.3.1 Strokes and Sequences in Character Processing. To individuals
accustomed to alphabetic scripts and unfamiliar with Chinese,
each character appears to be a much more integrated whole
than, say, an English word. The square shape is constant; the
pattern of strokes within that shape may be very dense; and
there is no dominant unidimensional order such as the left-to-
right string pattern of words written in English. However,
there is structure, and the potential for sequential processing,
within a character. Recent research suggests that for Chinese,
within-character scanning patterns are likely to be multi-
dimensional and related to the various possible two-
dimensional within-character configurations (Huang & Wang,
1992).

In reading a Chinese character, as in reading an English word
(Healy, Conboy, & Drewnowski, 1987), skilled readers may
process information at various levels simultaneously and
identify the whole unit before completing processing of its
components (Huang & Wang, 1992). However, readers of
Chinese are aware of, and can use if necessary, sequential
information that is apparent to them in a character’s stroke
pattern. Recall that the strokes in a character are produced in a
standard order when written by hand. Writing characters is
emphasized in teaching Chinese, so this order has been well
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learned by all skilled readers. Huang and Wang (1992)
occasionally observed subjects mimicking the stroke-writing
order with hand movements as they struggled to recognize
some briefly presented characters.

Individual strokes are not the only subcharacter units that
may receive attention during character identification. In the
very common semantic-phonetic compound characters, the
independent meanings and sounds of the two components,
which may be different from their composite meaning and
sound, are recognized (Flores d’Arcais, 1992; Cheng, 1992).
Unfamiliar characters are identified more rapidly if they
contain a phonetic radical that indicates their pronunciation
(Seidenberg, 1985).

3.3.2 Orthographic, Phonological, and Semantic Activation.
Cognitive psychological studies of the roles of orthographic,
phonological, and semantic information in character
identification have drawn on several classical experimental
techniques. In most of these studies, the independent variable
has been the relation between two characters (or
pseudocharacters) paired so as to have meaning, sound, or
orthographic characteristics either the same or different. The
dependent variable typically is accuracy or latency to
pronounce or make a lexical decision about one of the
characters, but also has been latency to make a judgment about
whether a pair of characters have the same meaning or
pronunciation (Perfetti & Zhang, 1992).

In priming studies (e.g., Cheng, 1992; Perfetti & Zhang, 1991),
the question is whether information activated during
presentation of a priming character reinforces or interferes with
information in a target character. If, for example, phonological
information from the prime has been activated, that
information should facilitate identification of a briefly
presented target character that has the same sound. Similarly,
in backward masking studies, a mask presented immediately
after a briefly presented target character should interfere less
with the target’s identification if information common across
the two characters has been activated during the very brief
exposure of the mask. Perfetti et al. (1992) discuss some of the
strengths and limits of these techniques.

One view of character recognition (e.g. Smith, 1985) is that
characters are identified by direct linkage of orthographic with
semantic information. This view is most compatible with a



READING CHINESE & ENGLISH 81

traditional dual-route model of the identification of words in
alphabetic orthographies, in which irregularly spelled words
are identified by direct access to a lexicon (Coltheart, 1978).

Early studies of the roles of orthographic and phonological
information in character identification did not directly
challenge this view, but they did confirm that phonological
activation has occurred by some time soon after a character has
been recognized (Seidenberg, 1985). This activation is
important, because it provides phonological codes that can be
used, in any orthography, for recall and integration of
information in working memory during text comprehension
(Tzeng, Hung, & Wang, 1977; Tzeng & Hung, 1980), and for the
integration of multi-part words (Hue, 1992). However, recent
research suggests that phonological information plays a role in
character identification as well as in recall.

Much of the recent research has been guided by the
principles that (1) “across writing systems, encounters with
most printed words ... automatically lead to phonological
activation, beginning with phoneme constituents of the word
and including the word’s pronunciation”; (2) “writing systems
constrain the extent to which this activation includes sublexical
phonology, but not whether activation occurs”; and (3)
“activated phonology serves memory and comprehension, with
phonological rehearsal but not the activation itself under reader
control” (Perfetti et al., 1992, p. 231).

Backward masking studies have indicated that both
graphemic and phonological information are available very
early in the process of identifying a written English word,
before the word’s meaning is available (Perfetti, Bell, & Delany,
1988).  Although the graphic information available in a
character cannot be described as consisting of a set of
graphemes, early activation of graphic information also would
be expected in character identification, and such activation has
been found in both backward masking and priming studies (Ju,
1992; Perfetti & Zhang, 1991). For example, when a target
character and a subsequently presented mask share strokes, the
extent to which the mask interferes with identification of the
target is reduced. Although this graphic overlap is in visually
presented information, it is not overlap at the level of the
physical signals. Just as upper and lower-case letters are
typically used to differentiate the members of target-mask or
target-prime pairs in English word identification studies,
different styles of print have been used in studies of character
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identification. Therefore, the graphic effects must be due to the
perception of the shared strokes as orthographic patterns.

Because characters cannot be sounded out letter by letter,
sublexical phonological information would not be expected to
be available as early in the identification of characters as it is in
identification of English words (Perfetti et al., 1988). Indeed, in
backward masking studies of character identification processes,
activation of graphic information has been detected well before
activation of phonological information (Ju, 1992; Perfetti &
Zhang, 1991). When a briefly presented target character and a
subsequent briefly presented mask share the same
pronunciation, the overlap in phonological information does
not reduce interference with identification of the target. This
finding holds both when the target and mask are identical only
in pronunciation (Perfetti & Zhang, 1991; Ju, 1992) and when
phonolofgical information shared between target and mask
could, if available, be used to increase the effect of shared
graphic information (Ju, 1992).

In a priming study, Perfetti and Zhang (1991) found that
phonological information has become available immediately at
identification of a character. In subsequent research, these and
other investigators demonstrated that phonological activation
occurs automatically, even when the dependent variable is not
naming and when phonological information actually interferes
with the required response. Cheng (1992) found that
phonological similarity between a prime and target character
influenced the latency of a lexical decision about the target,
even when the interval between onset of the prime and onset of
the real or pseudocharacter target was only 50 ms. Similarly,
Perfetti and Zhang (1992) found that phonological similarity
between two characters made it more difficult for readers to
judge that two words were not synonyms. Interference in the
latter study occurred when the interval between onset of the
first and second characters was only 90 ms. Phonological
interference appeared at shorter presentation intervals than
‘semantic interference.

Results have been consistent across the studies reviewed
above in indicating that graphic information is available
relatively early in the identification of characters and that
semantic information is not available until relatively late, either
at about the same time as, or after, phonological information is
available. Because findings have varied across experimental
tasks, the exact time at which phonological information
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becomes available during the process of character identification
remains unspecified. Indeed, the variation in findings across
studies may suggest that the availability of phonological
information increases gradually. = Some phonological
information may be available to skilled readers as soon as 50 ms
after the onset of character presentation, and this information
may even be described as mediating, rather than
accompanying, a connection between the character and its
meaning (Cheng, 1992; Flores d’ Arcais, 1992).

3.4 Multi-Character Word Identification

To adult readers of an alphabetic language, the concept word is
familiar and clear-cut. Although a single English word may
contain more than one morpheme (e.g., walk/ed, child/ren), its
boundaries are clearly marked in the orthography and an
understanding of the concept develops as young children are
exposed to print (Roberts, 1992). The word is the fundamental
unit in a literate English speaker’s mental lexicon as well as in
English dictionaries. The meaning and role of word is less clear-
cut in Chinese, which is consistent with the lack of marking of
boundaries between multi-character words in Chinese text.

Hoosain (1992) asked 14 native speakers of Cantonese, all
undergraduates at the University of Hong Kong and bilingual
in English, to segment nine sentences by drawing slashes
between words. The subjects differed from one another and
from the author of the sentences on many word boundaries.
Hoosain suggests that this uncertainty reflects the history and
structure of the Chinese language: individual morphemes
(characters) that functioned independently in classical Chinese
have become bound in bisyllabic words, and whether a
character can stand alone varies across dialects and contexts.

As one might expect in a language in which words are not
the clearly dominant unit, the constituent characters in a multi-
character Chinese word “have a life of their own” (Hoosain,
1992, p. 120). The word as a unit does have some psychological
reality in Chinese, as it does in English. In both languages,
component parts (letters or characters) are generally perceived
more easily if they are presented as parts of real words rather
than in a nonsense string. This is the classic word superiority
effect. However, for readers of Chinese, the effect can
disappear under some circumstances (Hoosain, 1992).

Other evidence also suggests that component characters
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within multi-character words can be accessed from a mental
lexicon (Hoosain, 1991). In a lexical decision task in which
unijversity students were asked to decide whether a two-
character stimulus was a word, reaction times and accuracy
sometimes varied with characteristics of the component
characters as well as of the composite words. This effect was
dependent upon the position of the component character and
the nature of the relation between the components (Zhang &
Peng, 1992).

Because multi-character Chinese words arouse associations
both as wholes and from the meanings of their components,
associative responses may be more varied than for English
words, and the associations given to a word presented orally
may be different from those to a written word (Hoosain, 1991).
Hoosain (1991) suggests that Chinese words might be more
likely than English words to remembered in terms of a visual
code rather than, or in addition to, a phonological code.

3.5 Text Comprehension

Most Western researchers, intrigued by the obvious differences
between Chinese characters and alphabetic text, have
formulated hypotheses about cross-linguistic differences in
reading processes at the level of character or word recognition.
However, a few recent studies of Chinese text reading suggest
important cross-linguistic similarities and differences at this
level as well.

In discussing the role of phonological information in
character recognition (section 3.3.2), we cited studies of readers
of English which have demonstrated that phonological
representations of words are automatically activated and used
in text reading. A key finding in this literature is McCutchen
and Perfetti’s (1982) demonstration of a tongue-twister effect in
the silent reading of English. Silent reading is slowed when
stories contain sentences with repeated word-initial phonemes.
Recently, Zhang and Perfetti (in press) have shown that this
same tongue-twister effect occurs when native speakers of
Mandarin read stories written in Chinese. They found that this
effect occurred in both oral and silent reading and that it was
evident in reading times, articulation errors, and written recall
errors. Furthermore, the materials permitted measurement of
phonological interference completely independent of graphic
interference, which enabled Zhang and Perfetti to evaluate their
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subjects’ relative use of graphic and phonological codes in their
recall. The errors made in written free recall of the texts were
much more likely to be homophonic than graphic. Thus, this
study does not support Hoosain’s (1991) suggestion that
Chinese words are likely to be remembered in a graphic code.

The reading of Chinese text does differ in at least some ways
from the reading of English. Some key differences are more
directly related to the syntax and semantics of Chinese than to
its orthography. Because inflection is almost nonexistent, word
order has been regarded as an important device for interpreting
Chinese sentences (Chang, 1992). However, Chen (1992) and
Li, Bates, Liu, and MacWhinney (1992) suggest that word order
often does not give the reader information sufficient for
sentence comprehension, which is a context-dependent process.

The interpretation of the comprehension of Chinese text as a
highly integrative process is consistent with the results of a
study reported by Chen (1992) in which native Chinese-
speaking Hong Kong undergraduates read passages presented
on a computer screen with a moving window that revealed a
single character at a time. Subjects controlled the pace at which
they moved the window along the text, and the question of
interest was the extent to which various attributes of a character
contributed to the time spent viewing it. Some of these
attributes were intrinsic to the character itself, such as its visual
complexity or frequency; others were attributes of the word or
text of which the character was a part, including the character’s
position in a sentence or clause, whether the present character
was part of a noun introducing an argument new to the reader
and whether it was one of a number of such new argument
nouns in the sentence, the character’s position in the text as a
whole, and its position in the visual layout of the text on the
screen.

When the students in Chen’s study read a passage in order to
prepare to answer comprehension questions, mean reading
speed was very fast (397 ms per character) and relatively little
of the variance in exposure time across characters could bz
accounted for. The only variables that contributed to how long
a character was viewed were those related to its status as a new
argument noun and whether the character appeared at the end
of a line on the screen. When the students read in anticipation
of being asked to recall the passage verbatim, average reading
speed (859 ms per character) and allocation of attention across
characters changed. In that condition, more attention was paid
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to words at the end of clauses and sentences, and word and
character features were more important.

In general, these results suggest that the word-level
predictors that are major contributors to reading times for
English text are less important sources of variance in the time
allocated to processing Chinese text. Instead, readers of
Chinese tend to pause at physical or syntactic boundaries,
perhaps to integrate what they have read so far. Indeed, Chen
(1992) also found that, when reading an English text that
contained a lexical, syntactic, or semantic violation, readers of
English were likely to pause at the point of the violation. In
contrast, readers of Chinese did not pause at any particular
position before or after encountering a syntactic or semantic
violation. They did show a modest disruption two words after
the introduction of a lexical violation.

4. LEARNING TO READ CHINESE

4.1 Correlates Of Children’s Success In Learning To Read Chinese

Hoosain (1991) reviews a number of studies in which Chinese
children and adults have been found to be generally strong on
tests of visual-spatial perception and reasoning, a pattern that
could be attributed to practice in reading Chinese. He also
reports some findings suggesting a relation between individual
differences in reading success and performance on several
different visual-spatial measures. However, not all
investigators have found a special pattern of association
between visual-spatial task performance and children’s success
in learning to read Chinese.

The most extensive studies of children’s acquisition of
Chinese have been conducted in Taipei, Taiwan by Stevenson
and his colleagues (Stevenson, Stigler, Lucker, Lee, Hsu, &
Kitamura,1982; Stevenson, Stigler, Lee, & Lucker, 1985). In two
studies, children’s reading achievement was measured with an
individually administered test that yields scores for sight
reading of vocabulary, oral reading of meaningful text, and
comprehension of text.

In their 1982 study, Stevenson et al. compared the reading
achievement of fifth graders in Taipei; Minneapolis; and Sendai,
Japan. They concluded that there was no relation between
orthography and incidence of specific reading disability.
However, the Taiwanese children were more likely than the
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Americans to have difficulty with the comprehension of text
and less likely to have difficulty pronouncing individual words.
Stevenson et al.’s results also suggest that reading disability
among Chinese children is more likely than English reading
disability to be part of a pervasive learning problem that
includes mathematics achievement. Furthermore, within the
subgroups of poor readers in Taiwan and Japan, those whose
scores were lowest also performed less well on a test in which
they were asked to draw a spatial array by following verbal
instructions.

In their 1985 study of Taipei first and fifth graders, Stevenson
et al. found that the cognitive abilities associated with reading
achievement were similar in Taiwan, Japan, and the United
States. In all three countries, a general information test score
was among the strongest correlates of reading achievement at
both grade levels. Among first graders in all of the countries,
scores on a visual-spatial representation test also contributed to
variance in achievement. However, the regression equations
for the Taiwan and United States’ samples were different in
several ways.

Among the fifth graders in Stevenson et al.’s (1985) study, the
set of ten cognitive test scores accounted for substantially less
variance in the Taiwanese children's achievement than in the
achievement of the American or Japanese children. Also,
among the Taiwanese first graders, scores on a test of serial
memory for digits and a test of recall of an orally presented
story also contributed to the regression equation. The story
recall test retained its predictive power in the fifth-grade
Taiwanese sample. In contrast, an auditory memory test in
which children were asked to reproduce sequences of pencil
taps separated by short or long intervals predicted reading
achievement only among the American children at both grade
levels.

The Taiwanese children generally performed well above the
other groups on the digit recall test but less well than the
Japanese and American children on the tapping series recall.
On the story recall task, the Taiwanese first graders earned
scores at about the same level as the Japanese children, but
lower than the American children. At fifth grade, the
Taiwanese group performed at the same level as the Americans
and above the level of the Japanese on story recall. These
results are difficult to interpret because of the possibility that
the scores were not valid indicators of the constructs they were
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assumed to measure, particularly when considered across
cultures. However, Stevenson et al.’s (1985) findings do raise
the possibility that different kinds of memory for sequential
auditory information may- be involved in the reading of
Chinese and alphabetic languages.

As a whole, the results of studies of individual differences in
children’s reading achievement are tantalizing but do not
permit firm conclusions about the kinds of cognitive skills or
processes involved in learning to read Chinese. One possible,
tentative synthesis is that visual-spatial processing is more
likely to be associated with severe developmental disability in
reading Chinese than in reading English. Difficulty in some
aspect of auditory-sequential memory may be a more common
source of difficulty in learning both orthographies. However,
when children learning to read Chinese have difficulty with
auditory-sequential memory, that difficulty may be more
manifest in text comprehension than in word identification.

4.2 Taiwanese Children’s Understanding Of Character Construction

Much less is known about how literacy in Chinese is acquired
than about the process of character identification by skilled
readers. Although children learning to read Chinese do not
have to abstract and apply the grapheme-phoneme
correspondence principles that underly the reading and writing
of an alphabetic language, they do have to master principles of
character construction that permit identification of a visual
pattern as a potentially legitimate character. They also must be
able to apply their understanding of character structure to
learning new characters.

Lu (1992; Lu & Jackson, 1993) described the development of
children’s recognition and application of character construction
principles in a cross-sectional study of 297 children selected
from kindergarten to sixth grade classes in Taiwan. She
administered four tests, all of which were highly reliable and
showed performance increases with age. Performance on the
tests was most consistently correlated with individual
differences in reading achievement among the second graders.

Taiwanese children’s ability to identify the correct
orientation of a character developed in a sequence reminiscent
of how children learn to recognize the correct orientation of
letters in the English alphabet. The kindergartners, who, unlike
the older children in this study, attended a private school, had
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not yet received formal instruction in reading characters.
However, they would have had extensive exposure to
environmental print, and may have been taught some
characters by their parents. Therefore, like children learning to
read English, they were expected to show some knowledge of
how print in their language should look.

Even in kindergarten, children performed well above chance
level on the character orientation test. By third grade, about
half earned perfect scores on the 20-item, 5-alternative,
multiple-choice test. Most of the errors children made were in
accepting mirror-image reversals as correct characters, rather
than in misidentifying upside-down characters (within which
strokes would look wrong) or characters rotated 45 degrees.

Lu’s second test required children to accept
pseudocharacters, in which the semantic and phonetic radicals
were in their accustomed positions, as unfamiliar but legitimate
characters and to reject noncharacters whose radicals were
reversed. Children were expected to begin showing success on
this 40-item test in second grade, when semantic-phonetic
compound characters and the concept of the semantic radical
are introduced. Most of the children’s errors were incorrect
acceptances of noncharacters. Kindergartners scored below
chance on the noncharacter items, but, by third grade, children
correctly identified more than 90 percent of the noncharacters
as invalid. Age differences were not attributable to age changes
in response bias.

Lu’s third and fourth tests also focused on the structure of
semantic-phonetic compound characters. The key to success on
both of these tests was to use the principles for constructing
semantic-phonetic compound characters to create an analogy
(Goswami & Bryant, 1990) between a target pseudocharacter
and another novel character. In the pronunciation transfer test,
children were asked to identify which of a set of novel
characters would be pronounced the same as a pseudocharacter
whose pronunciation they were given. The correct choice was a
novel character containing the same phonetic radical as the
target. Among children above kindergarten level, the most
common errors on these 4-alternative multiple choice items
involved choosing the character sharing a semantic radical with
the target. Accurate responses rose sharply from kindergarten
until grade three and then leveled off at about 85-90 percent
correct.

The final test in Lu’s battery was a meaning transfer test in
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which children had to choose the response alternative that
shared meaning with a pseudocharacter target. On this test, the
most common error was to choose the response alternative that
shared a phonetic, rather than a semantic, radical with the
target. In general, performance was less accurate than it was on
the pronunciation transfer test. The fourth grade results for the
meaning transfer test were higher than those for any other
grade. However, this group’s data are suspect because one
child in the class shouted out the correct principle for
identifying the answer. Scores for kindergartners and first
graders were very low; those for second and third graders at
about 50 percent correct, and those for fifth and sixth graders
about 70 percent correct.

Although the format of the meaning transfer test was the
same as that of the pronunciation transfer test, it had been
expected to be more difficult. Teachers in Taiwan emphasize
pronunciation before meaning. Also, in most cases, the
phonetic part of a character contains more strokes and is
therefore a more salient base from which to draw an analogy.
Yet another factor that might have made this task especially
difficult is that analogic meaning relations across characters are
less constrained than sound relations.

4.3 How Readers Of English Begin To Learn To Read Characters

Phonological information plays a role in the identification and
recall of characters, but readers of Chinese do not have to match
a string of graphemes with a string of phonemes. Therefore,
reading-disabled English-speaking children, who often have
difficulty with identification and manipulation of phoneme
sequences (Olson, Wise, Conners, Rack, & Fulker, 1989) might
be expected to have less trouble learning to read Chinese than
English. This hypothesis led Rozin, Poritsky, and Sotsky (1971)
to teach a small number of characters to reading-disabled
American children. This study has been cited widely, but their
successful demonstration provides little information about how
characters are learned. The characters were associated with
English words, apparently at random, and the report does not
suggest that the children learned anything about the
orthographic structure of characters.

In an attempt to determine whether specific aspects of
English reading skill might be related to success in learning to
read Chinese (Jackson, Ju, Lu, & Forte, 1992), we recently
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studied 24 American ninth graders whose English reading skills
had been assessed with Form F of the Nelson-Denny Reading
Test (Brown, Bennett, & Hanna, 1981) and four orthographic
and phonological processing tasks that had been used in a
number of previous studies (Olson et al., 1989). None of these
students were disabled readers, and their mean Nelson-Denny
score was above average for their grade level. They were
taught a 24-word vocabulary of single-syllable Chinese words
and then taught the characters for half of the words. The
students learned to read the remaining 12 words represented in
zhuyin fuhao, an alphabet-like, phonological symbol system
used in beginning reading instruction in Taiwan. Unlike the
pinyin system used in the People’s Republic of China, zhuyin
fuhao consists of symbols that bear no resemblance to the
Roman alphabet. Therefore, we could contrast individual
differences in the students’ ability to learn to read characters
with individual differences in their ability to read a novel
alphabetic orthography.

The vocabulary words and their written forms are shown in
Figure 2. All oral vocabulary and reading instruction was done
as drill with no mention of meaning or sound relations among
words.

We gave the students study time sufficient to bring their
learning of the characters and zhuyin fuhao words to near
ceiling. Our interest was in the extent to which they were able
to identify the structure we had built into each set of words--
semantic structure within the character set and phonological
structure within the zhuyin set. For example, the character set
in Figure 2 includes three mouth characters that mean shout, cry,
and eat, and the set of zhuyin fuhao words contains three words
that share an /u/ sound.

Abstraction of the meaning of the semantic radicals repeated
within the character set was tested with a sorting and naming
test. The students were given cards on which the characters
they had learned were written and told, “There are some
characters that go together. Put them in piles and tell me why
you put them that way.” If the student did not sort the cards
perfectly according to their semantic radicals, additional
prompts and opportunities to sort again were given. The
students then were asked to “show...the parts in each character
that you think are shared by other characters.” Finally, they
were asked to suggest meanings for the common parts.
Performance was well below ceiling on both parts of the test.
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English Chinese Zhuyin

Meaning Character Pronunciation Meaning Fuhao Pronunciation
Die i, /8/ Ear i e/
Hugy A, 2y Father ¥ /ba/
Sun g /%1 Fat X /p.an/

(The characters above are unrelated.)

Tree M /sy
Orange p <3 /2. ya/
Branch A% 1§/
ggie c;lha}a;ctsrs above share the tree
Strawberry _g, /m.e/
Vegetable % /ts,ay/
Bean E /d.o/

(The characters above share the grass
radical +7.)

Shout Uﬁx\, /h.,an/
Eat e, /e
Cry x /kwy

(The characters above share the mouth
radical 7 .)

Figure 2.

(The one- and two-symbol words above
are unrelated.)

Jump 3 /t.2.0w/
Rock 7y /1, @w/
Bird 11« /n, I.8W/
Cat P / m.ew/

(The words above share the symbol £,
pronounced /%w/.)

Tail X /u.e /
<«

Turtle X /9.u.e/

Mosquito z fu,n /

(The words above share the symbol x,
pronounced / u /.)

Bee z /$.99/
Fly - /3,99/

(The words above share the symbol4,
pronounced /91 /.)

English Chinese vocabulary taught orally and written either in characters or
in zhuyin fuhao. Pronunciations were anglicized to make them easier for
American students to learn. Because each zhuyin symbol may correspond to
more than one English phoneme, pronunciations are written with the
phonemes corresponding to each symbol separated by commas.
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The sorting and naming scores, which correlated r = .24, were
summed to yield a total score.

Ability to use the grapheme-phoneme correspondence rules
that could be induced from the zhuyin fuhao word set was tested
with a single-symbol and new-combination pronunciation test,
hereafter called the new symbol test. In the first part of this
test, the students were asked to pronounce in isolation the
single zhuyin fuhau’s that they had learned in two- or three-
symbol words. In the second part of the test, students were
asked to pronounce the symbols in novel two-symbol
combinations. The two subtests correlated r = .61, and the 26-
item test as a whole had an acceptable level of internal
consistency (alpha = .81).

As one might expect from the difference in sound emphasis
between the tests we used to assess mastery of the two
orthographies, performance on a Chinese oral vocabulary
pronunciation test administered just prior to reading
instruction was correlated with performance on the new
symbol test (r = .41)4, but not with performance on the meaning
oriented character sorting test (r = .15). Several measures of
English reading were associated with the Chinese reading
measures, but not always in the ways that we had predicted.

Reasonably enough, the best English word-reading predictor
of performance on both Chinese reading tests was Nelson-
Denny Vocabulary score (r = .57 for character sorting and r = .48
for the new symbol test). Accuracy in performance on one of
the two English phonological processing tasks predicted
performance on both the Chinese reading tests (r = .40 for
character sorting and r = .41 for new symbols). We had not
predicted this finding, but it is consistent with the research
summarized in section 3.3.2 showing that phonological
encoding does play a role in character identification and
memory.

Interestingly, the phonological processing measure that
correlated with Chinese reading was not our pseudoword
pronunciation test. Instead, it was the test that assessed the
students’ ability to read three simple pseudowords and then
decide which one, as a whole, sounded like a real English word.
We had hypothesized that English orthographic processing
might be associated with ability to learn characters. However,
accuracy on the two English orthographic tasks was negatively
associated with performance on the character sorting task.

As a whole, these results suggest that students who are better



94 JACKSON, LU, & JU

readers of an alphabetic language are also more likely to
succeed at the short-term initial learning of a small foreign
language vocabulary presented in either an alphabet-like or
morphosyllabic orthography. Accuracy in making
phonological judgments about English words also predicts the
learning of both kinds of new orthography, which is consistent
with Perfetti’s conclusion that phonological coding is
universally important in reading. However, these results also
raise a possibility that is consistent with Rozin et al.’s
conclusion and with more recent emphasis on the importance
of phonemic awareness for learning alphabetic languages (e.g.,
Rack, Snowling, & Olson, 1992): learning the sound pattern of a
new language may be less critical for understanding the
structure of a morphosyllabic orthography than for mastering a
new grapheme-phoneme correspondence system. The extent to
which the results of this study would generalize to other
populations and to more sustained instruction of larger reading
vocabularies, in which students could learn to identify both
semantic and phonetic radicals, merits investigation.

5. CHINESE READERS OF ENGLISH

The many dramatic differences between Chinese and English as
orthographies and as oral languages have led a number of
researchers, including ourselves, to ask whether any of the
skills or strategies developed in becoming a fluent reader of
Chinese might transfer to the reading of an alphabetic second
language, such as English. This issue has been investigated in
several studies of bilingual university students or scholars
whose first language was Chinese.

5.1 English Text-Reading Speed

Native readers of Chinese who are students at American
universities, including the second and third authors of this
chapter, often report that they take an enormous amount of
time to complete their English reading assignments, relative to
the time used by their American counterparts. The results of
several studies suggest that these anecdotal reports represent a
consistent pattern.

Haynes and Carr (1990) compared the text-reading rates of 28
freshman and 32 senior science majors at a selective university
in Taiwan with that of 15 American undergraduate volunteers
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from an introductory psychology class. The mean reading
comprehension score of the Taiwanese seniors was about 0.7
SD below that of the Americans, and the freshmen’s mean score
was about 1.25 SDs below. However, the American-Taiwanese
differences in reading rate for the same passages were much
more extreme. The Taiwanese freshman read about 83 words
per minute (wpm) and the seniors about 88 wpm. The seniors’
mean rate was more than 4 SDs below the American students’
mean of 254 wpm.

These results are consistent with the findings of a study of 25
Taiwanese graduate students, 17 women and 8 men, at The
University of Iowa (Jackson, Ju, Lu, & Reitz, 1993). Fifteen of
these students had arrived in the United States within two
months of the test session, 9 had been in the United States for 1
to 4 years, and 1 had been in the United States for 12 years. The
students were enrolled in graduate programs in 14 different
departments. The mean age at which the students had begun
instruction in reading English was 12 years, 10 months (range
104 to 248 months). As part of a larger study whose other
results are described in section 5.2, these Taiwanese students
were administered Form F of the Nelson-Denny Reading Test
(Brown et al.,, 1981) in a group session under standard
conditions. This test includes a Vocabulary subtest in which
100 multiple-choice items are presented within a time limit of
15 minutes, a highly speeded Comprehension test consisting of
text passages followed by comprehension questions, and a self-
reported reading rate score computed at the beginning of the
Comprehension test.

The Taiwanese students’ mean reading rate was 152 wpm
(SD = 45 wpm), well below the 256 wpm (SD = 85 wpm) mean
reading rate of 24 American ninth graders who served as a
comparison group in this study.5 The Taiwanese graduate
students’ slow reading rates appeared to have affected their
performance on the Vocabulary and Comprehension subtests,
on which most students left a great many items unanswered.
The Taiwanese students’ mean grade-equivalent scores of 9.6
(SD = 2.5) for the Vocabulary subtest and 10.2 (SD = 2.6) for the
Comprehension subtest also were well below what one would
expect for graduate students who were native readers of
English, but they show less disadvantage than the measure of
reading rate.

Are native readers of Chinese slower than other students
who also are reading English as a second language and whose
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untimed comprehension levels are similar? The possibility that
many differences between cultural/linguistic groups could
create differential speed-accuracy tradeoff or other confounds
make this question extremely difficult to answer. However,
Haynes and Carr (1990) compared the English text-reading
speed and comprehension of their Taiwanese undergraduates
with the performance of Spanish ESL students in an earlier
study (Henderson, 1983 in Haynes & Carr, 1990) who had read
the same passages. The Taiwanese undergraduate group’s
comprehension scores approached those of Henderson’s
Spanish group, but their reading rates were much slower than
the Spanish students’ 110 wpm.

Haynes and Carr interpret the inefficient text reading of
Chinese readers of English as a manifestation of difficulty in
rapid processing of an unfamiliar orthography, dismissing
other possibilities such as difficulty with English phonology or
sentence structure. The evidence they use to support this
interpretation is included in the following discussion of Chinese
readers’” word-processing strategies.

5.2 English Word-Reading Processes

Difficulty in reading words in a second language could be
attributed to difficulty with the orthography, the phonology, or
even the semantics or morphology of the new language.
Research to date has focused on Chinese readers' mastery of
English orthography and phonology.

Whatever model of English word identification one prefers,
the evidence is clear that native readers of English (1) process
both orthographic and phonological information automatically
as they identify words (e.g., Perfetti et al., 1988) and (2) differ
from one another in the extent to which they are skilled at
processing one or the other kind of information (e.g., Rack et al.,
1992; Coltheart, Curtis, Atkins, & Haller, 1993). These
individual differences can be observed among successful
beginners and fluent readers as well as among disabled readers
(Jackson, Donaldson, & Mills, 1993). Therefore, the task of
English word identification is sufficiently flexible to permit the
expression of differences in orthographic and phonological
processing that might arise from differences in English reading
history and transfer of word-identification strategies from a
first language.

Haynes and Carr (1990) have argued that experienced
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readers of a new alphabetic orthography remain inefficient in
}:)rocessing the visual patterns of that orthography, even though
earning to identify its letters accurately is a relatively trivial
task. In the study introduced above, they compared Taiwanese
and American undergraduates’ efficiency in making visual
same-different judgments about orthographically irregular (i.e.,
illegitimate) four-letter strings, orthographically legitimate
four-letter pseudowords, and real four-letter words. As one
would expect, both groups judged the real words most
efficiently and the illegitimate letter strings least efficiently.
However, the investigators’ primary interest was in the extent
to which the groups differed in efficiency gains as the stimuli
became more familiar. They computed difference scores which
they labeled as a lexicality effect (word - pseudoword
efficiency) and an orthography effect (pseudoword - letter
string efficiency).

Relative to the American comparison group, the native
readers of Chinese gained relatively little advantage from what
Haynes and Carr called orthography and relatively more
advantage from lexicality. They interpret this finding as
evidence that native readers of Chinese are inefficient at
detecting legitimate but novel orthographic sequences within
English words, a conclusion that is consistent with their belief
that reading unfamiliar orthographies is difficult even when
phonology is not an issue. However, making a judgment about
the visual similarity of letter strings may not be a purely
orthographic task for Chinese readers of English.

Although orthographically legitimate letter strings (i.e.,
pseudowords) can be matched without phonological encoding
(Carr, 1986), there is no evidence in Haynes and Carr’s study
about the processes that actually were used by these readers.
Therefore, what Haynes and Carr interpret as an orthography
effect might also be a phonology effect, and their Chinese
readers’ deficit in matching English pseudowords also could be
attributed to difficulty in phonologically coding unfamiliar
letter strings. Fortunately, Haynes and Carr’s finding that these
Chinese readers gain a considerable processing advantage from
lexicality is more clear-cut and more directly relevant to other
research in which orthographic processing has been
operationalized as identification of lexicality.

Among native readers of English, individual differences in
reading history have been found to be related to individuals’
skill in using orthographic information to make lexical
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judgments about English words (e.g., Stanovich & West, 1989).
Extensive exposure to English print may help a reader to build
a large lexicon of both regular and irregular words associated
with letter strings. Even among Chinese readers of English,
there is evidence that exposure to English print is associated
with individual differences in this kind of orthographic
processing. The 25 Taiwanese graduate students described in
section 5.1 (Jackson et al., 1993) completed a questionnaire in
which they were asked to identify titles of American
magazines. This estimate of their exposure to English print
correlated moderately (r's = .36 and .45) with the students’
accuracy on two orthographic processing tasks that are
described below.

As a group, Chinese readers of English would be expected to
have had limited exposure to English print, relative to native
readers. However, even among native readers, a substantial
amount of variation in orthographic processing skill remains
unexplained after exposure to print and other variables have
been entered as predictors. This unexplained variance may
reflect individual differences in strategic preference (Barker,
Torgesen, & Wagner, 1992) such as a Chinese adult might build
up in many years of reading an orthography in which words
cannot be sounded out one phoneme at a time. Chinese readers
of English could be especially well able to take advantage of
orthographic patterns when reading English words with sound
patterns they find difficult (Newport, 1990).

In our study (Jackson et al., 1993) of orthographic and
phonological processing among Chinese readers of English, we
hypothesized that, relative to a comparison group of native
readers of English, Taiwanese graduate students at an
American university would show greater skill in orthographic
than in phonological processing of English words and
pseudowords. However, we also considered the alternative
hypothesis that the emphasis on grapheme-phoneme
correspondence rules in the English curriculum of Taiwan
schools, together with lack of exposure to English print, might
make Taiwanese graduate students relatively better at
phonological than at orthographic processing of English words.

The four computer-administered word identification tasks
we used were all developed by Olson and his colleagues (Olson
et al., 1989). Orthographic processing was measured in two
tasks: one requiring lexical decision for pseuodohomophone
pairs such as rain/rane, and the other, choice of which of two
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homophones answered an oral question such as “Which is used
to smell? (knows/nose).” Note that both of these tasks tap
knowledge similar to that responsible for the lexicality effect in
Haynes and Carr’s (1990) study. Phonological processing was
measured in one task by pronunciation of one- and two-syllable
pseudowords (e.g., derl, bremick) and in another by choice of the
pseudohomophone (related to a real word) from sets of three
pseudowords (e.g., beal/bair/rabe). Accuracy and latency for
correct responses were measured for all tasks.

Again, our research participants were the 25 Taiwanese
graduate students and 24 American ninth graders described in
section 5.1. Ninth graders had been chosen as the comparison
group in the expectation that their timed Nelson-Denny word-
reading ability would be comparable to the 9.6 mean grade-
equivalent level of the Taiwanese graduate students. However,
relatively few of the available ninth graders volunteered, and
their mean Nelson-Denny Vocabulary grade-equivalent score
was 11.9 (SD = 2.1). This large group difference in overall
performance levels complicated interpretation of our
orthographic and phonological processing results. Because the
two groups were 1 SD apart in their Nelson-Denny Vocabulary
raw scores, we used that difference as a benchmark against
which to evaluate group differences in performance on the
orthographic and phonological processing measures.

Speed and accuracy scores were not consistently correlated
with one another. Therefore, composite speed/accuracy scores
would have had no consistent meaning, and we looked
separately at the accuracy and speed results pictured in Figure
3. The accuracy results are clear-cut: The Taiwanese graduate
students performed as well or better on measures of
orthographic processing accuracy as on the Nelson-Denny
subtests, while their phonological processing accuracy scores
were considerably lower. These results are consistent with the
hypothesis that native readers of Chinese can use relatively
strong knowledge of English orthographic patterns to
compensate for difficulty with phonological processing of
English words.

The pattern in the speed scores in Figure 3 at first appears to
be the inverse of the accuracy pattern, with phonological
processing stronger than orthographic processing. However,
the two kinds of scores cannot be interpreted in the same way.
Because the American students got many more items correct on
the phonological processing tasks, the group difference in
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phonological processing speed scores is uninterpretable.
Looking only at orthographic processing speeds, one can see
that, relative to the American comparison group, the Taiwanese
students were no slower at orthographic processing than at
reading text (Nelson-Denny Reading Rate). This last finding is
consistent with the argument that native readers of Chinese are
not at any special disadvantage in ability to use orthographic
information to identify English words.

A preliminary conclusion that Chinese readers of English are
relatively stronger in orthographic processing, or more
specifically, in making orthographic-semantic connections, than
they are in phonological processing is consistent with both our
own results and the large lexicality effect for the Chinese
readers of English in Haynes and Carr’s (1990) study.
However, this conclusion needs to be evaluated further in
studies involving other word identification tasks, preferably
tasks in which the balance of Chinese readers’ orthographic and
phonological processing strategies could be assessed as they
read English text. The possibility that Chinese readers of
English actually do use what Baron and Strawson (1976) called
a “Chinese” strategy to identify words merits further
investigation.

5.3 English Text-Reading Processes

The slow English text reading of native readers of Chinese
might reflect word-level processing, but it might also be
attributed to negative transfer of text-level processing strategies
across the two orthographies. Characteristics of a reader’s first
language or orthography might influence the way second-
language text is processed.

In the study introduced in section 5.1, Haynes and Carr
(1990) found that individual differences in 60 Taiwanese
undergraduates’ English text-reading speeds were associated
with only three other scores: efficiency in visual matching of
three-digit numbers, efficiency in English synonym/antonym
matching, and accuracy on a written test of English grammar
proficiency. Together, these variables accounted for less than
40% of the variance in text-reading speed, but no significant
additional variance was accounted for by the students’ Chinese
reading proficiency or efficiency in visual matching of English
words or letter strings. These results suggest that knowledge of
English word meanings and sentence structure, together with
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individual differences in what may be a measure of elementary
processing efficiency (number matching), contribute to the
speed with which a native reader of Chinese reads English text.
None of the significant predictor variables in this analysis
directly assessed orthographic or phonological processing.
However, the possibility remains that mastery of English
orthography or phonology contributes to mastery of English
vocabulary and sentence structure.

Another approach to understanding cross-linguistic transfer
in text-reading strategies is to monitor readers’ eye movements.
We already have reviewed literature suggesting that eye
movements and processing strategies may differ for Chinese
and English text. Experience reading Chinese text arrayed both
horizontally and vertically gives Chinese-English bilinguals
some advantage in acuity for scanning vertical arrays of English
letters (Freeman, 1980). However, there is no strong evidence
that more subtle cross-language differences in scanning
strategies transfer across orthography. Some results that
appear to suggest shorter saccades for Chinese readers of
English are confounded by other processing disadvantages of
the Chinese group (Chen, 1992; Hoosain, 1991).

Fluent Chinese readers of English may adapt their text-
scanning patterns to the language they are reading. In the
study of Hong Kong undergraduates’ Chinese and English text-
reading processes using the moving-window technique
introduced in section 3.5, Chen (1992) found that the Chinese
students’ viewing strategies differed depending on which
language they were reading. Furthermore, the overall
distribution of their viewing times across words occurring
before and after a violation introduced into the text was
consistent with results for native readers of English who had
performed an oral-reading production task in another
investigation. Chen interpreted his results as evidence that
“readers are sensitive to the differences in the cognitive
demands imposed by different linguistic structures in reading
comprehension and that they adapt their processing strategies
to meet the cognitive demands of the situation” (1992, p. 199).
However, the English-reading strategies of Chen’s Hong Kong
sample, members of a bilingual community, might differ from
the strategies of adult Chinese readers whose exposure to oral
and written English has been less intense or started later.

The possibility that the profound differences between
Chinese and English syntax affect the overall speed and
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possibly the processes used by Chinese readers of English
merits further investigation, despite Chen's null finding. Li et
al. have suggested that “Chinese speakers, in the absence of
inflectional morphology, make use of almost all possible cues
and integrate them interactively in identifying the functional
roles of different linguistic constituents. In a language like
Chinese, speakers cannot rely on one type of information, either
because single pieces of information would not give unique
answers to the processing task, or because some of
them...although highly reliable, are not always available.”
(1992, p. 229).

Among readers who are not yet fluent enough to think in
English as they read, the burden of mental translation across
languages with radically different syntactic structures could
conceivably be a major factor influencing text-reading speed
and ease of comprehension. The automatic formation and
retention of phonological codes may be critical to text
comprehension and recall in any language (Perfetti et al., 1992).
Native speakers of Chinese who have not been immersed in
English in childhood or early adolescence have enduring
difficulty with English phonology and morphology (Newport,
1990). If a reader cannot easily access and retain English
phonological codes, an obvious strategy would be to read
English with a word-by-word translation to Chinese. However,
the syntactic differences between the two languages could
make such a strategy highly inefficient.

As we learn more about the cognitive psychology of reading
English as a second language, we also may become better able
to identify correlates of individual differences in readers’
effectiveness and strategies. Individual differences in
elementary cognitive abilities, instructional histories, and
reading experience may influence the word identification and
text comprehension strategies of Chinese readers of English,
just as they do the strategies of native readers.

6. CONCLUSIONS

On the whole, the results of recent studies of Chinese reading
are consistent with a conclusion that universal properties of the
human mind are more important than specific properties of
different orthographies in determining how written language is
processed. As researchers have learned more about the
cognitive psychology, neuropsychology, and development of
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Chinese reading, claims for cross-linguistic differences related
to differences in orthography have become progressively more
modest.

There are some differences in how alphabetic and
morphosyllabic words are processed, but these differences may
be gone by the time a word has been exposed for less than 100
milliseconds. The cognitive characteristics associated with
success in learning to read Chinese may differ to some extent
from those associated with success in learning to read an
alphabetic orthography but, again, the differences are not as
sweeping as one might expect. As we learn more about the
reading of Chinese text, important cross-linguistic differences in
text processing may be identified as products of differences in
oral language structure rather than orthography.

The accumulating research may soon be sufficient to support
the formulation of comprehensive models of Chinese word
identification and text reading. Ideally, these models will be
based on converging evidence from different measures and
different paradigms. We see a particularly strong need for
more studies of the development of Chinese literacy. Process
models that emerge from experimental studies of skilled
readers should be evaluated in terms of their ability to account
for developmental and individual differences in first and
second language reading.

NOTES

1. The literature on reading Chinese contains many research papers
published only in Chinese as well as many available in English. However,
comprehensive English summaries of the literature have only recently
become available. In preparing this chapter, we found two books
especially helpful: Rumjahn Hoosain’s (1991) Psycholinguistic irrglications
for linguistic relativity: A case study of Chinese and Hsuan-Chih Chen and
Ovid J.L. Tzeng’s (1992) edited collection, Language processing in Chinese.

2. Studies of other writing systems, such as Japanese, that incorporate
Chinese characters in a complex orthography are not considered here. The
combination of kanji (characters) and kana (a syllabary) in Japanese
orthography presents interesting opportunities to contrast the processing
of two different orthographies in within-language, within-subject designs.
However, characters do not function the same way in Chinese and
Japanese.

3. Different authors use different terms to denote the parts of compound
characters. What we call the semantic radical is also called the radical
(Huang & Wang, 1992) or the signific (Flores d’Arcais, 1992), and what we
call the phonetic radical is also called the phonetic (Hoosain, 1991), or the
stem (Huang & Wang, 1992).

4. All correlations with absolute values of at least .41 were significant at or
beyond the .05 level, two-tailed.

5. American students in the comparison group for this study subsequently
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participated in the Chinese learning study described in section 4.3.
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EGBERT M. H. ASSINK & GORAN KATTENBERG

HIGHER-ORDER LINGUISTIC INFLUENCES ON
DEVELOPMENT OF ORTHOGRAPHIC KNOWLEDGE:
ILLUSTRATIONS FROM SPELLING PROBLEMS IN
DUTCH AND ASSESSMENT TOOLS

1. INTRODUCTION

Alphabetic writing systems vary considerably as to their use
of higher-order linguistic principles at the morphological and
syntactic levels in spelling. This use of higher-order principles
adds to the complexity of the orthography, which is not just
related to phonology. As discussed in this chapter, Dutch
orthography is characterized most distinctly by its specific use
of analogy rules in polymorphemic words. The analysis that
we will present here further elaborates and extends the work
reported in empirical studies published by Verhoeven (1979),
Assink (1987a), and Assink, Van der Linden, and Kattenberg
(1990). The first study is central for sections 2-3, while the
other studies form the basis of sections 4-9.

2. INVENTORY OF DUTCH ORTHOGRAPHY PROBLEMS

An interesting point in studies on spelling problems is the
observation that some spelling problems seems to disappear
more or less spontaneously in the course of development,
while other problem types appear to remain. The implication
is that spelling problems differ in their persistence.
Psychologically, persistence of spelling problems may give us
an important clue concerning the cognitive processes involved
in learning to spell. The following categories of spelling
problems in Dutch provide such clues: (a) Analogy
problems; (b) Congruence problems; (c) Etymology
problems; (d) Spelling of vowels and consonants in
polysyllables; (e) Interference of pronunciation options; (f)
Dialect interference; and (g) Spelling of loan words.

The principle of analogy demands uniformity in the
orthography of flexion morphemes in polymorphemic words.
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Analogy is applicable in words like “meisjesschool” (girls’
school), where the first s is spelled on the analogy of words
like “meisjesboek” (girls’ book). A second instance in which
the analogy principle must be used is the orthography of verb
forms. Analogy requires here that equivalently constructed
verb forms must be dealt with analogously in spelling, for
example, the suffix -t in “hij speelt” (he plays) has to be
written analogously in “hij vindt” (he finds), although in the
latter case its function is purely orthographic. In verb
orthography this principle is very dominating. In that case it
expresses a number of specific syntactic functions in writing.
Verb orthography will be discussed in more detail further on
in this chapter.

The congruence principle demands uniformity in the
orthography of stem morphemes. To illustrate, paard [pa:rt]
“horse” is written with final -d, in congruence with its plural
paarden [pa:rden]. Likewise staart [sta:rt] “tail” is written with
final -t because of its plural staarten [sta:rten]. In the case of
paard the final “morphological -d” overrules the phonological
principle.

The etymological principle demands that different letter
codings with identical sound values must be employed to
capture acoustic distinctions that existed in older stages in the
development of the language. To illustrate, the diphthong [su]
is represented in spelling by au or ou (e.g., blauw “blue” and
zout “salt”). Another example is [€i], which is represented by
ei or ij (e.g., klein “small” and lijn “line”).

Another source of spelling problems is the spelling of
consonants and vowels in polysyllabic words.  In Dutch
polysyllables there is a complicated Iletter-phoneme
conversion rule, pertaining to the spelling of vowels and
single letter consonants (to be referred to as CV-problems in the
remaining part of this article, cf. Van Heuven, 1980). In Dutch
monosyllables, a long vowel is normally spelled with
reduplication (ag, ee, 0o, uu), unless it is in final position, or, as
it is traditionally called, in an “open syllable.” In
monosyllables with the long vowel in final position
reduplication is simplified (reduced to one letter, e.g.,
compare naar “towards” [naxr] and na “after” [na:]). A basic
principle of Dutch syllabification is that, unless a word
boundary intervenes, a single intervocalic consonant is the
first element of the next syllable. This principle implies that
when, for example, beek “brook” is pluralized (by adding -en
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[- n]), the syllable division is bee-ken, leaving ee in the final
position of the syllable. Consequently, the stem vowel is now
spelled with a single e : beken. To complicate matters further,
vowel simplification does not take place when the next
syllable begins with a digraph consonant: goochelen [)o:)xalan]
“juggle.” Conversely, a single letter consonant grapheme is
reduplicated in the intervocalic position after a short vowel.
Thus, the plural of gek “fool” is spelled gekken and stok “stick”
as stokken. Understandably, this rule is a direct consequence of
the vowel simplification rule. If the intervocalic consonant
grapheme were not reduplicated, the stem vowel would be
assigned the value of a long vowel. CV-problems are a
notoriously difficult topic in Dutch spelling instruction.

Pronunciation options and dialect interference both refer to
the phenomenon that peculiarities observed at the level of
speech may penetrate into the level of writing. The term
pronunciation options refers to the phenomenon that in
Received Standard Spoken Dutch there exist some equally
acceptable pronunciation options, such as the final -n in the
plural suffix of verbs and nouns. This -n is not pronounced in
the central and western parts of the country. Other examples
are vowel reduction (e.g., banaan [bana:n] for [bana:n]
“banana”), and schwa insertion (e.g., melk [melak] for [melk]
“milk”). For dialect interference analogous examples may be
given, such as t-deletion in Southern Limburgian vrien for
vriend “friend.”

In the case of loan words, the spelling difficulties originate
primarily from the unfamiliar orthographic conventions present
in the words that have been incorporated in Dutch from other
languages. The majority of Dutch loan words comes from
French, English, Latin and Greek. Examples are horloge
“watch,” couvert “envelope,” and taxateur “valuer.”

3. DEVELOPMENTAL TRENDS IN LEARNING TO SPELL

Verhoeven (1979) collected a vast corpus of written materials,
such as compositions, papers and essays, in various types of
schools. The texts were produced predominately in the course
of regular teaching activities. The investigator’s main interest
was the construction of an inventory of spelling errors based
on “spontaneous” texts. The study was designed primarily to
demonstrate that standard dictation tests give a biased and
inaccurate picture as to the frequency and occurrence of
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spelling problems in “real life” texts. The materials were
collected in six types of school, selected as prototypes or
representatives for the principal schooling levels in the Dutch
educational system:

(1) Elementary school, initial grades (1-3);

(2) Elementary school, advanced grades (4-6);

(3) Secondary school, introductory class;

(4) High school, final grades;

(5) High school (introductory to university?), final grades;

(6) University students, freshmen.
The spelling errors detected in the corpus were categorized
into the spelling problem types described in the previous
paragraph. The results obtained are summarized in the
histogram presented in Figure 1. This histogram presents an
overview of the contribution of the problem categories
(expressed as relative proportions) to the total amount of
spelling errors detected in the corpus2 Inspection of the
histogram shows that a rising education level3 coincides
with a striking shift in the relative contributions of the various
problem types to the total amount of spelling errors present in
the corpus.

Figure 1 Persistence of Problem Types in Dutch Orthography
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There must, of course, be no misunderstanding about the
fact that in the higher education levels there is a dramatic drop
in the absolute number of spelling errors present in the data.
With this fact in mind the picture is very clear: there is a
strong decline in problems relating to the vowel/consonant
rule in polysyllables and to problems associated with dialect
interference. A similarly declining category is congruence,
which on the whole turns out to be rather unproblematic. In
sharp contrast to this declining trend are problems concerning
the analogy principle and loan words which increase over
development. Finally, there are some categories that appear to
remain relatively constant across the various education levels.
These are problems associated with pronunciation options in
Dutch and, to some degree, etymology problems. Next we offer
some interpretative comments on the trends observed in the
presented data.

First, the decreasing influence of dialect interference is one
of the most prominent trends in the data. The most plausible
explanation of this trend is that with an increasing education
level it becomes easier to discriminate between formal
standard language and spoken dialect options. Especially in
the elementary education levels the effect of dialect
interference (relative proportions of 18 to 25%) turns out to be
remarkably strong in Verhoeven’s data. In this respect it is
inconsistent with other specially designed dialect studies, such
as the investigation published by Hagen (1981). This study
was concerned with the Southern Limburgian dialect.4 The
written materials analyzed were collected in elementary
schools, and comparable to Verhoeven’s data. Hagen found in
the lower grades a relative proportion of 12.1% dialect
interference errors, and a corresponding value of 6.6% in the
higher grades.> The most convincing explanation for this
discrepancy with Verhoeven’s data has been presented by
Hagen (1985), who suggests that differences between the
dialects involved in both studies produced the discrepancies.
The implication of Hagen’s suggestion is that the dialects
involved (provincial idioms of Limburg and Utrecht) differed
as to their potential capabilities to produce interference on the
level of orthography. This explanation is convincing, since the
Utrecht dialect, associated with Verhoeven’s study,
corresponds to the standard language to a much larger degree
than does the Limburgian dialect. Another possibility is that
the discrepancy between the two studies is due to differences
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in the categorization criteria employed in both studies.

Second, there is a comparable sharp decrease in the
contribution of CV-problems. A similar trend, but less
articulated, is present in the case of congruence problems. In
our view, these trends offer a major clue to uncover system-
inherent difficulties present in Dutch orthography. Both
categories are prototypical “rule problems,” taught in the initial
phase of the learning process. Congruence problems, as well as
CV-problems, are taught by practicing these rules explicitly.
However, this teaching practice does not mean that pupils
continue to use these rules consciously and explicitly when they
grow into more proficient spellers. The use of phoneme-
grapheme rules is specially important in the initial stage of the
learning process, when unfamiliar words are often
encountered. In subsequent developmental stages of the
reading/spelling process fluency and speed are enhanced by
making use of larger orthographic units, such as memorized
spellings of individual words (often referred to as word
images), or memorized word segments and their
pronunciations, or the use of analogies, etc. These new
possibilities, incorporated into the pupils’ inventory of
strategies, have similar effects on both congruence problems
and CV-problems. The pupil who is beyond the introductory
stage of learning to spell has got optional strategies at his
disposal to handle both types of problems. If accessible, he or
she will apply explicit rules, but shift to more economic
memory strategies if this shift is feasible. The declining
influence of both problem categories is probably produced by
this developmental shift in strategy use. Thus, the pupil may
shift to more efficient direct search routines in his developing
orthographic memory, possibly in combination with
automatically performed rule strategies.

With the exception of analogy problems, only loan words
show an increasing relative contribution to the total amount of
errors in the corpus. There is a gradual increase of this
category, followed by a slight decrease at the higher education
levels, a tendency which in my view must be attributed to the
point that this category of words plays a rather specific role in
the language learning process. Initially, pupils only
occasionally encounter these words. In the course of
development, however, the number of loan words incorporated
into the pupil’s vocabulary strongly increases. These new
words are not only used passively in reading, but also actively
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in writing. The observed trend in the contribution of loan
words thus reflects the proportional growth of this class,
combined with predictable initial spelling problems. The
following decline most probably indicates a gradual
familiarization to exotic orthographic conventions. Verhoeven
(1979) presents a similar interpretation of this trend in the data.

Overall, analogy problems produce the most dramatic
increase over development. As is shown by Figure 1, analogy is
the only category with a rising trend up to the highest
education level. This category demands special discussion so
the next section will be dedicated to this subject.

4. GRAMMATICAL OPERATIONS IN SPELLING VERB HOMOPHONES

One of the most prominent features in Dutch orthography is the
analogy principle (Assink, 1987a). Of all principles, analogy is
undoubtedly the most difficult one to learn. The problems
connected with analogy in Dutch verb orthography must be
associated with the type of linguistic information involved and
the intricacies of Dutch orthography.

Verb orthography demands the expression, or encoding, of
certain syntactic relations, which is realized by applying the
analogy principle. In a large number of verbs, however,
application of this principle creates homophones. Homophones
are words with equivalent acoustic forms regardless of spelling
(e.g., scale=pair of scales / scale=fish-scale). However, the great
majority of homophones are distinguished in print by different
spellings, e.g., sun/son, bear/bare in English and Dutch
leiden / lijden (“to lead” / “to suffer”), nood /noot (“need” /“note”).
As - the homophones occurring in Dutch verb orthography
express grammatical distinctions, they are often referred to as
grammatically defined homophones. This type of homophones
should clearly be distinguished from cases like son/sun, where
the difference in spellings is associated with a lexical distinction.
In the following instances Dutch orthography expresses
grammatical functional distinctions where, acoustically, there is
no difference.

1. Distinctions in grammatical person, for example, ik vind / hij
vindt (I find/he finds). This homophonic distinction occurs in
the present tense singular. Orthography expresses here a
distinctions between finite forms in the first person singular
and forms in the second and third person singular, which take
an extra suffix -t. This type of problem occurs in the present
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tense singular of verbs with a stem ending in -d.

2. Distinctions in grammatical tense, for example, wij wachten
nu/wij wachtten toen (we wait now/we waited then). In the
past tense, Dutch weak verbs generally take a suffix -te(n) or -
de(n) after the verbal stem. This pattern also holds for the set of
weak verbs with a stem ending in -d or -t. For this set of verbs,
application of the general past tense suffix rule leads to purely
orthographic homophone distinctions like wachten/wachtten and
branden/brandden (burn/burned).

3. Distinctions in grammatical aspect (imperfect/perfect). In
Dutch, there is a large class of verbs, characterized by the
presence of an unstressed prefix in the verbal stem, known as
prefix verbs. The weak members of this verb class that have a
voiced stem ending induce aspect-type homophones that have
a present tense singular (second/ third person) with a suffix -¢
and a corresponding acoustically identical past participle with a
suffix -d, for example, hij verandert/hij is veranderd (he
changes/he has changed).

4. Voice-type homophones. The same class of verbs described
just now also produces voice-type homophones, expressing
active/passive distinctions in syntax, for example, hij
verdedigt /hij wordt verdedigd (he defends /he is defended).

5. Homophones, expressing attributive/predicative distinctions
in syntactic structure. A subset of the weak prefix verbs
induces an additional homophone problem. Weak prefix verbs
with a stem ending in -t or -d have a past tense singular that is
acoustically equivalent to its corresponding, attributively used
past participle, for example, hij verwachtte/de verwachte brief (he
expected/ the expected letter).

6.  Grammatical number-type homophones, expressing
singular-plural distinctions, as in: hij maakte/wij maakten. It
should be kept in mind here that most Dutch native speakers
do not pronounce the final -n of the plural suffix -en, a
circumstance which may produce confusion in writing.

5. ASSESSING LEARNING POTENTIAL FOR LITERACY SKILLS

Dutch orthography is characterized by its close relationship
with syntax. Unlike related languages, such as English and
German, Dutch orthography contains syntactic information
which is not represented in oral language (Assink, 1987b).
Linguistically, it is a highly expressive orthography (Klima,
1972). An orthography is more expressive of the language if it
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distinguishes between lexical items which, while identical at the
sound-level, are distinct at the lexical level. For example,
compare meat “flesh” and meet “encounter” in English.

Dutch orthography is particularly expressive in its verb
spelling. The existing orthographic rule system expresses
grammatical functions which are absent in the spoken
language, such as in: wij wachten/wachtten “we wait/waited.” A
negative aspect of this informative written code, however, is its
complexity for the novice learner. Educators disagree on the
question of what age is most suitable to begin formal
instruction of the complex grammatical rules involved. To gain
more insight regarding this issue and in order to track the
developmental relationship between syntactic and orthographic
skills (Bowey 1986a; 1986b; Tunmer, Nesdale, & Wright, 1987)
we designed a computerized test. This test will be described
next. Subsequently, the results of two standardization and
validation studies of the test are presented.

6. AN OUTLINE OF THE DIAGNOSTIC TEST

The test sentences used are skeletons, in which two of the basic
types of orthographic problems in Dutch can be inserted. The
most difficult spelling problems are homophones. Homophones
represent orthographic distinctions, expressing syntactic
information which is not present in the oral language. Correct
choice must be based on grammatical knowledge. The second
type are non-homophones, expressing a simple sound-spelling
correspondence. In that instance word-specific memory may be
used to make the correct choice.

In addition to both types of orthographic skill, indices of
syntactic and word imaging skills are assigned. Syntactic skill is
the ability to select syntactically legal options regardless of
correct spelling. Word-image refers to implicit knowledge of
orthographic structure. It is the ability to detect and reject
“system-illegal” orthographic options, regardless of context.
Word-image skill should be clearly distinguished from spelling
ability. Incorrect spellings are not necessarily violations of
existing spelling options in a language. Word image mistakes
only refer to “system-illegal” letter combinations, options that
could never occur in writing. Thus, word image refers to a
specific type of spelling error, violating graphotactic
constraints. To illustrate, in English orthography the option
“bcat” for boat is system-illegal, whereas “boap” is not. Skilled
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readers are able to discriminate any input letter string from
thousands of other letter patterns by making use of the
characteristics of redundancy in the written language
(Seidenberg & McClelland, 1989). This skill of utilizing
constraints on the forms of written words enables the subjects
in our test to detect system-illegal alternatives.

Subjects who perform very poorly on orthography tests are
not necessarily dyslexics. There are several possible causes for
poor performance in spelling. Only one of them is dyslexia,
and psychologists should be cautious to come too easily to that
conclusion (Treiman & Hirsh-Pasek, 1985; Vellutino, & Scanlon,
1982). Basically there are two possibilities. One possibility is
that the subject is the victim of poor or inadequate instruction.
Another possibility is that there may be some malfunctioning
mechanism in the pupils’s cognitive system causing poor
reading and spelling performance. Dyslexics have problems
with the use of orthographic redundancy, and consequently
will perform poorly on tasks demanding the detection of
system-illegal forms.

In order to comprehend the conceptual basis of our test it is
important to note here that a clear distinction should be made
between poor spellers who perform at a normal level on the
word-image scale on the one hand, and poor spellers who
combine poor spelling with poor word-image skills on the
other. The first type of student has much better prospects for
improvement provided by remedial instruction.

The test was computerized to enable individual teachers to
test and diagnose verbal skills in classroom settings. One
advantage of computerized testing is that the test can be
optimally tuned for ease of use with regard to the specific test
situation. Another advantage of computerized testing is the
immediate availability of the results and comparisons with
reference groups.

The program was designed as an interface facilitating the
choice process. Inserting an alternative in the skeleton sentence
is enabled by pressing the ur and DOWN keys of the numeric
keypad (figure 2). This process may be repeated until a
satisfactory option has been found. It enables the subject to
evaluate the alternative within the frame of the sentence
context. In a paper and pencil version this is simply impossible.

After finishing the test a scoring program is invoked. This
program recodes the subject’s raw scores into numerical scores.
In the next step the mean scores on the four different measures
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are calculated. The program also presents test scores of the
correct reference group and makes corrections for guessing.
Finally, the subject’s difference scores with his reference group
are calculated and presented.

make
maakt
maken

De monteurs . . . de raceauto weer snel in orde.

73/192

1a Sample Test Item. Initial position.

make
maakt

De monteurs maken de raceauto weer snel in orde.

73/192

1b Inserting an alternative
Figure 2. The Test Program

7. TEST STANDARDIZATION RESULTS

The diagnostic test was standardized on a group of elementary
school pupils (n=97). The results on the test were used as a
reference to evaluate individual test profiles based on grade
norms. Standardization data not only included final grade
pupils (see schooling levels in the Dutch educational system
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earlier in this chapter), but also younger groups of subjects who
comprehended the test instructions (i.e., grades 5, 6 and 7).
This large sample of subjects enabled us to investigate
developmental trends. As is shown in figure 3, three of the
indices demonstrate monotonously rising linear curves: syntax,
non-homophones, and homophones. The word-image index
however, shows a curvilinear, U-shaped trend. This finding is
in agreement with more general findings in cognitive
development research, as discussed later on. Our interpretation
is that initially words are spelled holistically by using word-
images. During further development of orthographic
knowledge the efficient use of word-images in spelling is
negatively affected by the growing knowledge of grammar and
syntax, thus producing spelling errors. In this phase when
conceptual knowledge is restructured, grammatically based
spelling rules are often overgeneralized to instances where they
do not apply. In the final stage of development the positive
relationship between word-image and spelling ability is
reestablished.

The developmental trend described here has also been
demonstrated by other investigators for a variety of content
domains (Strauss, 1982). Curvilinear trends across age
development have been reported in Piaget style conservation
studies (Stavy, Strauss, Orpaz & Carmi, 1982), language
development (Bowerman, 1982, 1985) and the development of
artistry (Gardner & Winner, 1982). To illustrate, Strauss (1982)
reported a curvilinear developmental trend in an experiment
investigating the development of the concept of temperature.
His subjects were children, varying in age from three to nine
years. The subjects were shown three cups of water (A, B and
C) each containing the same amount of water of identical
temperature. Cups A and B were emptied into an empty cup D.
Then they were asked to compare the temperatures of cup C
and D. Three-to-five year olds solved the problem correctly,
whereas six-to-nine year olds made lots of mistakes. Children
older than nine experienced no problems any more. The
general explanation for this phenomenon may well be found in
the development of the underlying representations that are
being built up under the influence of different sources of
information. While subjects are accommodating their
knowledge to new sources of information, such as the
grammatical and syntactic knowledge involved in our study,
performance drops temporarily because the subject has to
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Figure 3 Developmental Trends: Standardization Study
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reorganize his knowledge base. When this information finally
has been assimilated performance improves again.

Reliability measures of the four test indices are presented in
Table 1. The relatively low reliablity of syntax must probably
be attributed to the circumstance that even young children
performed relatively well on this index. Little test variance and
poor discriminating power across grade levels contributed to
the low reliability.

Table 1

Reliability Coefficientsb of Test Indices

1. Non Homophones .87
2. Homophones : .87
3. Syntactic skill : .67
4. Word image : .76

bCronbach’s alpha

8. TWO CASE STUDIES

Earlier we argued that subjects who perform very poorly on
orthography are not necessarily dyslexics. The point to be
stressed here is that students performing very poorly in
spelling, but with an average to normal score on the word-
image scale of our diagnostic test, may be expected to profit
more from specially provided instruction than poor spellers
who combine this below average performance with an
extremely low score on the word-image scale. These
predictions were tested with two cases diagnosed by us with
the test. These case studies will be presented next.

The first subject was a girl. We saw her for the first time in
the initial test session. A few days later we saw the second
subject, a boy. Compared with their age reference group, both
subjects performed below average in spelling, confirming their
negative classroom experiences. Especially the girl produced
extremely low scores on all scales, with the exception of word-
image. The same held for the boy, although his performance
was less extreme.

Very notable, however, was that both subjects scored beyond
average, as compared with their age reference group, on the
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word-image scale. This observation allowed us to assume that
both subjects were probably not dyslexics. This was confirmed
by a standard reading test (Brus & Voeten, 1972). We advised
the children’s parents to make appointments for additional
individual instruction on the subject matter that proved to be
most problematic. They followed our advice. Remedial
instruction was provided for a period of one year. Remedial
instruction was focused on the explicit training of the most
complex aspects of Dutch orthography. These are the rules for
the orthography of vowels and consonants in closed and open
syllables, the training of word-specific letter codings in
homophones, and mastering the complex rules of verb
orthography (Assink, 1987b). Pupils were taught to correct
their own work. An essential aspect of the training was that the
subjects were taught to reflect on their own decision process.
After a period of one year the results of the training were
evaluated by retesting the subjects. The results of this retest are
graphically presented in Figure 4. More detailed information
on the test scores is presented in table 2. Figure 4 shows that
both subjects considerably improved their syntactic and
orthographic skills. As a matter of fact, the boy even succeeded
to outperform the reference group.

The final grade results of the standardization study were
used as a reference to evaluate the individual test score profiles
of the girl and boy. The developmental trends found in the
standardization study should be kept in mind when
interpreting the profiles presented in fig. 4. Both subjects had
poor grammatical and syntactic spelling skills. The boy had
attained a higher performance than the girl, but both
compensated their poor spelling ability by relying on the use of
word-images, as if they were intuitive spellers. When, during
remedial teaching, the boy learned more about syntax and
grammar his new knowledge had a negative impact on his use
of word- images as might be predicted from the developmental
trend. Conversely, the girl still had so much to learn about
grammar and syntax that she did not attain the word-image
interference stage. She even improved her word-image based
spelling strategy, while learning a lot about grammar and
syntax. Unlike the girl, the boy used grammatical and
syntactical knowledge actively, leading to rule confusion and
domain mistakes, which had a negative effect on his word-
image performance.
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Table 2
Pretest, Posttest and Reference Group test scoresa

Syntax ~ WordImage N.-Homoph. Homophones

Girl
Pretest 53 (84) 84 (95) 53 (69) 20 (47)
Posttest 69 (90) 91 97) 80 (86) 44 (62)
Reference 92 (97) 70 (90) 83 (89) 58 (72)
Boy
Pretest 78 (93) 72 91) 77 (84) 52 (68)
Posttest 97 (%9) 59 (86) 94 (96) 59 (73)
Reference 92 (97) 70 (90) 83 (89) 58 (72)

aPercentage scores corrected for guessing. Raw scores are presented in
parentheses.

Although the girl’s scores increased considerably, she did not
catch up with the reference group completely. Her
performance level remained slightly below average. This
difference between these cases is significant. The word image
scores of the two subjects show different test-retest patterns.
Whereas the girl’s score remains constant over a full one year
period, the boy’s score drops by 13%. There probably is a quite
simple explanation for this phenomenon if it is realized that
developmental trends often are non-linear.

After one year of instruction both subjects had made
considerable progress in their command of grammatically
based spelling rules. Deficits in orthographic skills can be
remediated (see treatment studies cited by Berninger & Abbott
in chapter 8 of this volume). Our data suggest that spelling
deficits related to lack of knowledge of spelling rules are more
responsive to remediation than are deficits related to
insufficient knowledge of orthographic structure. Their
difference with regard to word-image skill is in close agreement
with the developmental curvilinear trend in the acquisition of
word-images. As has been suggested earlier in this chapter, we
think that the general explanation for this phenomenon must be
found in the development of the underlying lexical
representations that are being built up under the influence of
different sources of information, such as semantic knowledge
and syntactic rules.
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Figure 4 Case Studies:
Test/Retest Score Profiles (% Correct Solutions)

9. TEST VALIDATION RESULTS

The picture emerging from the standardization study was that
syntactic knowledge and grammatical skills show a
monotonous linear increase, whereas word-image skill has a
curvilinear developmental trend. Moreover, syntactic skills
seem to be developed quite well at early stages of development.
This developmental pattern is sharply in contrast with spelling
knowledge, which builds up more slowly. The general picture
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suggests that spelling ability, syntactic skill and word-image
capacity are relatively independent components of learning to
read and to spell. The word-image index, measuring the
subject’s capacity to detect “system-illegal” orthographic
structures, might be expected to be a significantly contributing
factor to individual differences in reading and spelling ability.

To test this hypothesis we collected data from a reference
population of normal (n=52) and poor (n=54) readers and
spellers. Grade norms are available for those who might want
to use this instrument. Reading level was assessed by a
standardized reading test (Brus & Voeten, 1972). Our
hypothesis was that in addition to spelling performance, word-
image capacity, which is a more general feature of linguistic
ability (Young-Loveridge, 1985; Fisher, Shankweiler, &
Liberman, 1985), was expected to account for a significant part
of the between group variance. A discriminant analysis
showed that our test predicted between group differences very
well. As is shown in Table 3, 88% of all cases were classified
correctly on the basis of their test profiles.

Table 3

Discriminant Analysis: Classification Test Results

Actual group No. of cases Correctly Classified
normal readers 52 46 (88 %)
poor readers 54 48 (89 %)

Percentage of grouped cases correctly classified: 88.5 %

The regression analysis demonstrates the status of word-
image ability. It indicates that our test can be used as a
screening instrument for diagnosing poorly performing readers
and spellers. The independent contribution of word- image
found in the regression analysis is not only of interest from a
theoretical point of view; it also has practical consequences for
instruction. It suggests that poorly spelling pupils performing
on the word-image index at the age level norm will profit more
from remedial instruction than individuals combining poor
spelling performance with a word-image score below the age-
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norm. Since the studies reported here are correlational, no
causal relations can be established. The point we want to make
here is that word-image independently accounts for individual
differences in acquiring the principles of the written code.
These are two distinct types of test score profiles,
corresponding with two different levels of proficiency.
Therefore both types of student should receive different types
of instructional programs. Pupils performing poorly on word-
image as compared to their age norm should be given
instruction focusing on analyzing written words into their
component parts (letters, letter clusters, syllables and
morphemes). Poor spellers with a normal word-image index
need instruction concentrated on the relevant orthographic
rules (sound- spelling correspondences and syntactic rules).

A subsequent stepwise regression analysis showed that
word-image and the two spelling indices (homophones and
non homophones) are related significantly to group
membership, whereas syntactic skill turns out not to contribute
additionally to the between group variance. The results of this
analysis are presented in table 4.

Table 4

Stepwise Regression Analysis of Test Indices

Step Variable Beta t Sig t
1 Syntactic skill 13 122 23
2 ord-image -52 -3.51 00
3 Spelling OmOEh -40 -2.95 00
4 Spellmg Homop -31 -2.98 00

10. DISCUSSION

The basic idea of our diagnostic test found empirical support.
Explicit knowledge of spelling rules and implicit knowledge of
orthographic structure turned out to be two psychologically
distinct types of verbal skill. Our test may be used to diagnose
pupils on the effect of remedial teaching. The case study results
also suggested that pupils may try to compensate for their
deficient orthographic skills by relying exclusively on the
strategy of using word-images. The strategy they use is simply
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matching words to entries in their mental lexicon. Grammatical
rule based homophonic spelling skill, however, requires a more
detailed grammatical analysis of the sentence context.

It appears that there are two discrete categories of poor
readers and spellers. The first category has insufficient
command of explicit spelling knowledge, but possesses normal
syntactic and word-image abilities. The second category
combines poor spelling with below average word-image
capacity. Consequently, the last group is more backward in the
process of acquiring literacy. The computerized testing
materials described in this paper may be readily adapted for
research on related verbal skills in the English language area.
The dimensions of interest in research are primarily the level of
automatized processing of orthographic information in
addition to the explicit knowledge and use of rules in reading
and writing.

It is our intention to add further technical improvements to
our computerized test. These improvements include the option
to register decision times, and enlarging format options of
stimulus presentation. Additional possibilities for the display
of test results are also considered in our updating plans. Our
aim is to develop a useful multi purpose tool for computerized
testing of verbal skills.

The results obtained on the word-image index in our
validation study show a curvilinear trend. This phenomenon
appears to fit well in established data on cognitive growth
functions. An interesting question is why only word-image
shows this trend. An answer might well be found in qualitative
aspects of the mental operations involved. A possible
explanation for this interesting phenomenon is that the word-
image is primarily connected with implicit knowledge of
orthographic structure, whereas spelling ability involves the
explicit command of orthographic rules. The experienced
reader has acquired a considerable body of knowledge about
graphemic structure enabling him to accelerate his word
perception skills. This knowledge is, however, inadequate to
allow the determination of particular spellings (Henderson &
Chard, 1980).

We have come across two accounts of U-shaped
developmental trends in the literature. The first one is a model
for the attainment of skilled word recognition, proposed by
Ehri and Wilce (1979; 1983), the second one is a model for the
development of language skills and cognitive processes
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(Karmiloff-Smith, 1985; 1987). We briefly discuss each of these
models here.

According to the model of Ehri and Wilce (1983) skilled word
identification develops in three phases. In phase 1 unfamiliar
words become familiar and are recognized accurately by readers
directing their attention to component letters as they map
sounds. During phase 2, as a result of more practice, familiar
words come to be recognized automatically as wholes without
attention and without deliberate processing of component
letter-sound relation. In phase 3 the speed of processing familiar
word increases to a maximum as the components involved in
stimulus recognition and response production become
consolidated or “unitized” in memory.

Studies exploring the conditions when word recognition
becomes automatized have used a variant of the Stroop task
(Stroop, 1935), the picture-word interference task. In this task
subjects’ speed in naming pictures is compared to their speed in
naming pictures printed with distracting words which they are
instructed to ignore. The reduced speed in naming the pictures,
caused by interference of the printed words, is used as an
automaticity index of word recognition. Ehri and Wilce (1979),
as well as other researchers (Schadler & Thissen, 1981) found an
inverted U-shaped interference effect, reaching its maximum in
phase 2.

Ehri and Wilce (1983) explained this result as a growth effect:
the expanding repertoire of printed words of the child
accelerates automatization, but while “unitization” has not yet
been fully accomplished this same repertoire also becomes an
increasing source of interference. This effect is reduced in
phase 3, when fast unitized processing eventually immunizes
the skilled reader for orthographic interference.

The model of Karmiloff-Smith (1987) describes the dynamics
of language development from a more general perspective.
Many developmental studies on language skills, such as the
acquisition of nominal determiners (definite/indefine article),
pronouns, verbs, etc. have shown that children’s output initially
resembles the adult model. This phase is later followed by a
period in which children introduce modifications that deviate
from it. Later still, they revert to the adult model. According to
Karmiloff-Smith (1987) this temporary regression should be
interpreted as a sign of representational progression. She
describes this process in a 3 phase model. In phase 1, the
production of a particular linguistic form is essentially
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dependent on external factors. They are stored as isolated
entries in memory.

In phase 2 search for a rule or principle for the implicit
knowledge accumulated in phase 1 spurs development. A
translation of this implicit knowledge into primary explicit
knowledge is the result. However, as a result of this
progression to explicit knowledge, out-of-range errors are more
common during this phase than during the preceding one.
During phase 3, the links or rules, established during the
previous phase are reconsidered in the light of external
evidence. It is at this point when conscious access becomes
possible.

Although both models present a plausible account of the
state of affairs, we think Karmiloff-Smith model fits better with
our data. The reason for this is that the task demands implied
in our word-image index exceed the demands involved in word
identification. The word-image task used in our studies
addressed the subject’s ability to assess the orthographic
legality of letter strings expressing suffixes of complex verb
conjugations. The knowledge required to accomplish this
exceeds a simple unitization process in memory, as described in
Ehri and Wilce’s (1979) model.

As to the theoretical merit of the orthographic processing
indices developed in this study, we think that they may be
considered as a more sensitive index for potential growth in
learning basic elements of literacy. It also presents a way of
looking to the role of conscious control in human language
learning processes. We agree with Gombert (1992, p. 194) who
argued that affirming the existence of degrees of consciousness
does have the merit of directly raising the question of how this
consciousness is acquired. According to Gombert (1992) and
many others, consciousness should be considered as implicit
knowledge which has become explicit. One of the goals in our
study has been to uncover parts of the mechanism involved in
this interesting transformation process for written language.

APPENDIX
Sample Test itemsa of the Computerized Verbal Ability Test
Grammatical person (st vs. 2e/3rd):

Hij belt om te vragen wat (ik/jij) van het nieuwe boek (vint/vind/vindt).
[H]e calls to ask what (I/you) think of the new book.]
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Grammatical number (singular/plural):

Kun je me zeggen, welke (jongen/jongens) vanmiddag op het plein
8 ))0 gen/jong g Op hetp

( [speelden/speeldden):
[Can you tell me, which (boy/boys) (plays/played) on the square
this afternoon?]

Grammatical aspect (imperfect/perfect):

Dit is de eerste keer dat me dit (gebeurt/gebeurd/gebeurdt is).
[This is the first time this (happens/happened) to me.]

Grammatical tense (present/past):

Bij het vertrek (staat/stond) hij er op dat we voor de deur op hem
(wachtefwachten|wachtten).

[At the departure he (insists/insisted) that we should (wait/waited)
for him at the door.]

Grammatical voice (active/passive):

Ik heb niet gehoord of (men) de schade (herstelt/hersteld [hersteldt wordt).
(I have not been informed whether the damage will be repaired.]

Attributive/predicative distinction:

Niemand ontdekte tijdens het feest de goed (verkledefverkleedde verkleden)
acteur.
[At the party nobody noticed the well (dressed/disguised) actor.]

aHomophonic choice options are included in the sample skeletons here.
NOTES

1. The Dutch secondary school system differentiates between final
examinations that do or do not qua1i¥y the student for university studies.

2. Verhoeven (1979) only presents a summary of participating classes. For
each education level category there were at least two particigating classes.

3. The trends described in this section might equally well be qualified as
“educational.” Since the relative contribution of development and
schooling cannot be assessed separately here, I prefer the broad term
“developmental” here,

4. Hagen’s data were collected in the village of Kerkrade.

5. Both the lower and the higher grades were represented by four classes.
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TOWARDS A MORE UNIVERSAL UNDERSTANDING OF
THE DEVELOPMENTAL DYSLEXIAS: THE
CONTRIBUTION OF ORTHOGRAPHIC FACTORS

Goethe wrote that only in the process of learning another
language can we begin to understand our own (1810). We
suggest in the present chapter that Goethe’s insight is as
applicable to our understanding of written language, as oral
language. There exists an “implicit universalist claim” among
many American researchers that their view of the reading
development process, which is usually based only on the
English language, describes general development of reading in
all children (Wimmer & Frith, 1991). We will argue here that a
similar, implicit-universalist claim dictates our notions about
the causes of reading failure.

There is steadily increasing evidence that there are significant
differences across languages with differing orthographies, not
only in how children acquire reading, but also in the types of
reading disabilities. In this paper we have two goals. First, we
wish to discuss a group of studies about reading disabilities in
children whose first language possesses a more regular
orthography than English. Second, we will describe our own
recently completed study of reading acquisition and
breakdown in children in Berlin, Germany, and several
provocative, preliminary results. The findings will be
presented within the “Double-Deficit Hypothesis”, an approach
to the dyslexias that will be described later in this chapter (see
Bowers, Golden, Kennedy & Young, chapter 5, this volume;
Bowers & Wolf, 1993a, 1993b; Wolf & Bowers, 1994). We will
use these studies to suggest that cross-linguistic comparisons of
reading disabilities in languages with divergent orthographies
offer a unique vehicle for sorting out some of the underlying
sources of reading breakdown in the developmental dyslexias.
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THE CRITICAL ROLE OF ORTHOGRAPHIC REGULARITY
IN UNDERSTANDING READING FAILURE

For many years the work of Liberman, Liberman, Mattingly,
Shankweiler (1980) and their colleagues have directed our
attention to the critical role of phonological processes both in
learning to read and in being unable to do so. Recently, in a
cross-linguistic comparison of Italian and English-speaking
children, Cossu, Shankweiler, Liberman, Katz, and Tola (1988)
asked the question “whether variations in phonological
structure that affect the ease or difficulty of becoming aware of
critical sublexical units, in fact, also affect the ease or difficulty
of learning to read” (p. 2). They believed that because different
languages vary in phonological structure, there will also be
differences in phonological demands on the beginning reader.

We would pose the same question with a more explicit
emphasis on the degree of orthographic regularity represented by
the writing system of a given language. There is a continuum
of orthographic regularity. Some languages like Italian, Serbo-
Croatian, and Finnish are highly regular and have a consistent,
almost one-to-one correspondence between the graphemes or
printed symbols and the phonemes, or sounds of the language.
These languages are said to possess a more regular or shallow
orthography. Other languages, like English, are relatively
irregular. The relationships between phonemes and graphemes
in such languages are described as opaque, with a given letter
capable of representing several possible phonemes and the
converse, where several letters can potentially represent the
same phoneme (Reitsma, 1989). For example, in English as
many as 19 sounds are depicted for five vowels, depending on
the geographical region (Naslund, 1990). The advantage,
however, of irregular languages like English is that they
preserve the underlying etymological roots of given words,
thus providing tiny word histories in otherwise
idiosyncratically appearing spellings. (See Chomsky, 1972;
Chomsky & Halle, 1968)

Based on research by Liberman, Shankweiler and their
colleagues in English and on work in several other language
bases, we begin this paper with two related assumptions. First,
variations in orthographic regularity can affect the ease or
difficulty of becoming aware of sublexical units, that, in turn,
influences learning to read. In other words, differences in
orthographic structure affect the degree of phonological
demands placed on the developing reader. Second, in highly
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regular orthographies, where phonological demands are more
controlled for, other, non-phonological sources of reading
disruption can potentially become more visible to our
investigations.

THE PHONOLOGICAL-DEFICIT HYPOTHESIS, ORTHOGRAPHY,
AND THE INCIDENCE OF READING DISORDERS

Perhaps the only near consensual assumption in the field of
reading disabilities is that the primary source of reading failure
lies in phonological processing. Beginning with seminal work
in psycholinguistics by Liberman, Liberman, Shankweiler and
their colleagues (Shankweiler & Liberman, 1972; Liberman,
Shankweiler, Liberman, Fowler, & Fischer, 1977) through the
elegant research programs of Stanovich (1986; 1988), Perfetti
(1985, 1992), Ehri (Ehri & Robbins,1992; Ehri & Wilce, 1982) and
others, to the most recent reviews (e.g., Wagner, Torgeson &
Rashotte, 1993), a theoretically driven conceptualization of
reading disabled children has emerged. According to this view,
early phonemic insensitivity and other phonologically based
problems (e.g., inefficient segmentation skills) are believed to be
the basis of later impaired word recognition skills, which, in
turn, are seen as the critical basis for reading disability. In a
review by Rack, Snowling and Olson (1992) the most typical
indicator of disabled readers with impaired phonological
decoding abilities is evidenced in their general inability to
decode nonsense words (i.e., to apply grapheme-phoneme
correspondence rules in a context-free situation).

We have long accepted the critical importance of
phonological deficits in reading disabled readers, especially in
English. However, we consider current, all encompassing
notions about phonological deficits to be necessary, but
ultimately insufficient when applied to a process as complex
and multicomponential as reading; or when used to explain the
extraordinary heterogeneity of impaired readers; or when
assumed to explain reading breakdown in other language
systems. Indeed, as we have written elsewhere, we believe that
a "unified phonological theory” obscures the importance of
both other potential deficits, and the presence of “non-
phonological” subgroups of reading-disabled children (Bowers
& Wolf, 1993a, 1993b; Wolf & Bowers, 1994). 1t is in the latter
areas that studies of reading failure in languages that differ in
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orthographic regularity and type (i.e., alphabet, syllabary,
logographic) are critical.

One of the more fascinating, not fully understood aspects in
the comparison of reading failure across different orthographies
is that the incidence of severe reading impairment remains
relatively constant (from 5 to 10%) despite large differences in
orthographic regularity and type of writing system (Aaron &
Joshi, 1989). Based on a considerable number of studies on
dyslexia across multiple languages, Aaron and Joshi (1989)
conclude: “even though their incidence may vary, reading and
spelling disabilities can be seen in all languages, regardless of
the nature of their orthographies.”(p. ix). When, for example,
one compares the more irregular English alphabetic system
with the relatively regular Dutch alphabetic system, the overall
incidence of disorders is approximately the same (5 to 7%
range) (Reitsma, 1989; Rutter, 1978).

Similarly, the incidence in the German language, whose
orthography is relatively regular, is also reported in the 5to 7 %
range (Valtin, 1989). In the Italian language, whose
orthography is one of the most regular of European languages,
the reported incidence of severe reading failure appears slightly
less than for Dutch and German (Lindgren, DeRenzi, &
Richman, 1985). Accurate incidence figures for Italian are,
however, complicated by few research studies. Lindgren,
DeRenzi and Richman (1985) tested one group of fifth graders
from Modena, Italy and one comparable group from the United
States and found the incidence of dyslexia to be 3.6% and 7.3%,
respectively. Other figures for developmental dyslexia in Italy
range from 1.34% to 5.04% (Morchio, Ott & Pesenti, 1989).
Without equitable test batteries, these figures must remain only
approximations.

A more surprising comparison, perhaps, is between
alphabetic and non-alphabetic systems. Stevenson, Stigler,
Tucker and Lee (1982) in a cross-linguistic survey of reading
problems in Taiwan, Japan, and the United States found a very
similar incidence of reading failure. This finding is frequently
interpreted as indicating that an alphabetic orthography is not a
major source of reading problems. For example, in his
reporting of these data, Reitsma concludes “that regardless of
type or regularity of the orthography, some children have
difficulty learning to read (possibly for different reasons!)”
(Reitsma, 1989, p. 57, author’s parentheses).
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We would emphasize Reitsma’s notion of “different reasons”
further. That is, the fact that the incidence of reading failure
remains relatively constant despite profound differences in
orthographic regularity and type—both of which significantly
affect the phonological demands placed on the beginning
reader—places serious doubts on any “implicit universal”
claims about phonological core deficits. Equally importantly, it
raises central questions about the general expianatory power of
this deficit-hypothesis as it is applied currently with English-
speaking readers. If there are approximately as many cases of
reading failure regardless of whether phonological demands
are heavy or light,! then explanations based solely on
phonological processes bear further scrutiny, at the least. More
importantly, if there are non-phonological reasons why
children in other languages fail, why shouldn’t those same
reasons be potential sources of failure for some English-
speaking children?

Let us begin to examine these questions with the extensive
evidence reviewed by Rack et al. (1992) that the most common
indicator of reading disability is impaired performance on
nonsense word reading. These tasks clearly tap the child’s
ability to apply grapheme-phoneme correspondence (GPC)
rules in a context-free situation. The application of this criterion
to children in other languages, however, reveals that the
accéuisition of GPC rules differs greatly across orthographies
and by no means distinguishes impaired readers from average
readers to the same degree in all languages.

Wimmer’s recent (1993) data in the German language system
is critical to the task of unpacking orthographic differences
between languages and, in the process, uncovering potentially
more universal deficit patterns across dyslexic populations.
German has a relatively regular orthography; there are
approximately 40 phonemes represented by 85 graphemes that
consist of one to three letters (Valtin, 1989). Vowel sounds have
an almost one-to-one correspondence with their graphemic
representations. The more regular German orthography makes
the acquisition of sound-symbol correspondence rules a simpler
task for the young reader.2 These characteristics of the German
writing system provide researchers with an excellent
opportunity to examine reading development and breakdown
in a language where the phonological coding factors are, in
essence, partially controlled.
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For example, Wimmer and Frith (1991) found that the degree
of regularity in an orthography made a significant difference in
the accuracy with which children in the early reading stages
decode real and pseudowords. Comparing English and
German 7, 8 and 9 year olds, they found that error rates for
German readers at 7 years were 5% (real words) and 14%
(pseudowords). English children’s error rates were more than
triple these rates: 20% (real words); 50% (pseudowords). In
addition, Wimmer, Hartl, and Moser (1990) and Nislund and
Schneider (1990) showed that young German-speaking children
can pronounce pseudowords with approximately the same
speed as real words, a finding in stark contrast with young
English-speaking readers. A fascinating advantage found for
young English readers was on a lexical decision task where
English and German children had to judge whether a
pseudoword or real word was real. English-speaking children
were faster to make such judgments, perhaps because our
orthographic irregularity prepares the reader for some
ambiguity (Wimmer & Frith, 1991)!

The most crucial finding, however, was that their severely
impaired readers were not differentiated from average readers
on pseudoword accuracy in Grade 2 or Grade 4. In other
words, the criterion that is widely accepted as the best
discriminator of poor reading in English-speaking populations
(Rack, Snowling & Olson, 1992) may be inappropriate in the
more regular German language. Wimmer (1993) also
demonstrated that young German-speaking dyslexic readers
(Grade 2 to Grade 4) have less pronounced difficulties in
standard phonemic segmentation tasks (which were “high in
absolute terms”) and in word recognition accuracy for real
words than reported for English-speaking dyslexic children.
However, German-speaking dyslexic children did show
significant problems in lexical access or naming-speed
measures and a “pervasive speed deficit for all types of reading
tasks” (p. 2, 1993). Further, digit naming-speed was the best
predictor of reading differences in German dyslexic children.
One potential problem in interpreting these findings concerns
the criteria Wimmer (1993) used to determine dyslexic
classification: that is, naming-speed differences. We will return
to this issue later in the discussion.
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EVIDENCE FOR A SECOND CORE DEFICIT; OR
THE “DOUBLE-DEFICIT HYPOTHESIS”

Naming-speed deficits may appear more visible in German
dyslexic readers, but they have long been noted in American
children. An extensive body of cross-sectional and longitudinal
evidence on English-speaking children indicates that the single
most noted characteristic of poor readers outside their reading
impairment is naming-speed problems: that is, deficiencies or
disruptions in the processes underlying the precise, rapid access
and retrieval of visually presented linguistic information
(Rudel, 1985). In a recent review Lovett (1993) wrote that she
“has found a deficit in visual naming-speed to be the only
reliable nonreading correlate of a specific disability in reading
speed and of the contextual reading and spelling problems
associated with it” (p. 617).

The evidence for deficit-specificity for naming-speed
problems in dyslexic readers is extensive and rapidly
increasing. Studies include data on a) comparisons with
carefully matched groups of children with and without reading
disabilities; b) independence from such factors as IQ, reading
exposure, and articulation; and c) independence from
phonological deficits. More specifically, dyslexic children are
significantly slower to name the most basic and most familiar
visual symbols (i.e., letters, digits, colors, simple objects) than
average peers (Bowers, Steffy & Tate, 1988; Denckla & Rudel,
1976a, 1976b; Spring & Capps, 1974; Wolf, 1982), other learning-
disabled children (Denckla & Rudel, 1976b; Felton & Wood,
1989), garden-variety learning-impaired children (Ackerman &
Dykman, 1993; Wolf & Obregon, 1992), attention-deficit
disorder children (Ackerman & Dykman, 1993), and reading-
age match children (Wolf, 1991; Wolf & Segal, 1993). Further,
this deficit appears unrelated to IQ (Bowers, Steffy & Tate, 1988;
Spring & Davis, 1988), rate of articulation (Ackerman &
Dykman, 1993; Ellis, 1981; see, however, Nicholson & Fawcett,
1994; Wolff, Michel, & Ovrut, 1990b), memory (Bowers, Steffy &
Swanson, 1986), and reading exposure (Wolf, 1991). The deficit
appears differentially more powerful in serial versus discrete
(or isolated) presentation (Swanson, 1989; Wagner, Torgeson &
Rashotte, 1994; Wolff, Michel, Ovrut & Drake, 1990).

There have been two main problems that have prevented the
more general acceptance of naming-speed deficits as core
deficits in dyslexic readers: first, the issue of whether deficits
are found in non-continuous or discrete naming tasks; and
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second, the tendency to subsume naming-speed under
phonological processes. We will address each of these issues
briefly and then examine whether these deficits appear in
languages other than German and English.

Discrete Presentation. Perfetti, Finger, and Hogaboam (1978)
questioned whether naming-speed findings were limited only
to a continuous or serial form of naming-speed or whether
dyslexic children were also slower to name individually
presented stimuli (e.g., in a computerized, discrete-trial format).
Results of their work indicated that naming-speed under
discrete-trial conditions failed to differentiate good and poor
reading groups. Results of newer, more extensive work
(Bowers & Swanson, 1991; Levy & Hinchley, 1990; Wolff, 1992;
Wolff, Michel, Ovrut, & Drake, 1990), however, indicate two
findings: first, deficits in discrete-trial presentation have been
found when the poor reader group is severely impaired
(Bowers & Swanson, 1991; Wolff, Michel, & Ovrut, 1990a).
Second, comparison between the two types of tasks are quite
complex because the requirements underlying the two differ
significantly (see discussion in Wolf, 1991), as evidenced in
various factor analyses when isolated versus serial naming
tasks are included (see Wagner, Torgeson, & Rashotte, 1994).

Perhaps the most interesting findings that bear on this
distinction are recent results by a member of our lab who
constructed a computerized analysis of the speech stream of
dyslexic and average controls on various RAN tasks. Obregén
(1994) found that dyslexic readers were remarkably similar to
average probands on the duration of name articulation time
and the latency required to move from one line to the next. The
source of significant group difference was found largely in the
time taken between stimuli, that is, the interstimulus intervals.
Because discrete presentation does not include interstimulus
intervals in its format, it is understandable that serial,
continuous naming-speed tasks present a more sensitive index
of the locus of group differences in dyslexic readers.

Naming-Speed Deficits as another Manifestation of Phonological
Deficits. Although few have ever disputed the clear presence of
naming-speed deficits in dyslexic children, the position of many
researchers has been to explain the phenomenon of naming-
speed as another manifestation of phonological problems.
Thus, naming-speed has been variously described as
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phonological encoding (Nédslund & Schneider, 1991),
phonological retrieval from memory (Wagner & Torgeson,
1987), etc. My colleagues and I have argued strongly (Bowers &
Wolf, 1993a, 1993b; Wolf & Bowers, 1994) against such a
categorization. Our arguments have been based on: 1) the
independent contribution beyond phonology of naming-speed
to reading (see for example, Olson, Forsberg, & Wise, chapter 1,
this volume); 2) the relative lack of correlations between
naming-speed and most conventional measures of phonological
processes; and 3) data from other language systems. A brief
overview of these arguments is helpful.

The empirical reasons underlying our desire to differentiate
naming-speed from phonological processes begin with an
understanding of the complex, interrelated perceptual,
cognitive, and linguistic processes underlying naming-speed
operations. Briefly (for fuller description, see Wolf, 1982, 1991,
1992), visual naming-speed requires: (1) attention to the
stimulus; (2) visual perception and identification; (3) conceptual
knowledge of the stimulus; (4) integration of conceptual
information with stored lexical (semantic and phonological)
information; (5) access and retrieval of phonological label; (6)
motoric activation leading to articulation; and 7) precise rapid
timing both within individual subprocesses and across them
(see discussions of automatic processing as a continuum in
Logan, 1988; Wolf, 1991). Within this description, phonological
processes clearly play a role in visual naming-speed tasks. It is
equally the case that semantic fluency tasks, receptive
vocabulary, and syntactic tasks have important input from
phonological processes. Yet, these tasks are rarely categorized
under phonological processes due to the greater emphasis on
other operations. Similarly, we would argue that an increased
understanding of the complexity of the underlying
subprocesses of naming-speed and the differential emphasis on
speed or precise, rapid timing processes (Ojemann, 1983, 1991)
dictate a separate categorization.

We would go further. Our slowly evolved position is that
the emphasis on phonological representation (rather than on
speed of processing linguistic information) in naming-speed
findings has camouflaged the fact that the differences between
most conventional phonological measures (i.e., phonological
awareness, segmentation, etc.) and most naming-speed
measures (i.e., serial, continuous tasks) are more informative for
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understanding the complex nature of reading disability than the
shared processes.

In a study designed in part to evaluate the presence of a
large, general, phonological factor in a reading-risk population,
Felton and Brown (1990) found no significant correlations
between naming-speed and all measures of phonological
processes tested (i.e., four phonological awareness tasks, one
phonetic recoding in memory task, and one other task classified
as phonological recoding). Of these measures, only the
naming-speed measures predicted reading outcome (word
identification) when IQ was controlled. Similarly, naming-
speed tasks, but not memory span, were correlated with word
identification in a study using a broader population reported by
Torgeson, Wagner, Simmons, and Laughon (1990). Cornwall
(1992) reported a modest relationship (r=.35, p<.05) between
naming-speed and one measure of phonological awareness
(auditory analysis task) in a reading-impaired population and
differential prediction capacities for both. She concluded that
“these abilities may represent unique aspects of the reading
process, as opposed to an overall phonological ability” (1992, p.
537).

To summarize, the deficit in naming-speed appears to be
experimentally robust, specific to dyslexic children, and not a
function of IQ, articulation, or reading exposure, or subsumable
under phonological processes. Thus, we believe the cumulative
evidence now supports the presence of two core deficits in
developmental dyslexia: one in phonological processes; and one
in the processes underlying visual naming-speed. Applying our
own criticism of universalist claims by others, we raise the
question: what are the findings in other language systems?

NAMING-SPEED DEFICITS IN OTHER LANGUAGE SYSTEMS

Significant naming-speed deficits have been demonstrated in
Dutch-speaking (Yap & van der Leij, 1991, 1993), Spanish-
speaking (Novoa & Wolf, 1984; Novoa, 1988), and German-
speaking children (Naslund & Schneider, 1991; Skowronek &
Marx, 1989; Wimmer, 1993). The Dutch study showed that
under speeded conditions, dyslexic subjects were found to
differ significantly on naming and reading tasks from the
reading-age control group, especially for the tasks involving
pseudowords (Yap & van der Leij, 1993). Novoa (1988) studied
young, bilingual-Spanish-English readers, whose first language
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was Spanish. She demonstrated that impaired readers in her
sample had significant naming-speed deficits when compared
to both average reading Spanish speakers and monolingual
English children (Novoa, 1988). Within the German language,
Wimmer (1993) and his colleagues have demonstrated that
German-speaking dyslexic readers differ in significant ways
from English-speaking dyslexic readers in their strength in
some phonological areas, like phonological segmentation and
pseudoword recognition, but share similar characteristics
regarding pervasive naming-speed deficits. Within many of
these studies the naming-speed measures were only weakly
related to the phonological measures, but strongly related to
both nonsense and exception word recognition.

In the German language, Wimmer (1993) found little
interrelationship between naming-speed and his three
measures of phonological awareness processes (i.e.,
respectively r=.19 with vowel substitution; r=.26 with
pseudoword spelling; and r=.06 with rhyme detection).
Néslund and Schneider (1990) found a modest (r=.37)
relationship between naming-speed and phonological
awareness tasks in their study of German readers.

Within both these studies the naming-speed measures were
weakly related to the phonological measures, but strongly
related to both nonsense and exception word recognition (i.e.,
both lexical and non-lexical routes). In English the relationship
between naming-speed and reading comprehension appears to
be the consequence of the shared variance with word
recognition (Bowers, 1991; Spring & Davis, 1988). These
relationships are yet to be studied in other languages. Such
findings underscore both the difference in emphases on
phonological processes between the two orthographies, and the
pressing need for cross-linguistic studies, as a vehicle for
clarifying sources of reading problems (Cossu, et.al., 1988).

AN INVESTIGATION OF THE DOUBLE-DEFICIT HYPOTHESIS
IN GERMAN READERS

The present study was designed to investigate more
systematically and broadly the “pervasive speed deficit” found
by Wimmer (1993) and others in German-speaking readers,
using different explanatory models and different criteria for
dyslexia. Specifically, we wished to examine how different
criteria for dyslexic reader categorization might affect the
results. For example, in an effort to test the Double-Deficit
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Hypothesis, Bowers and Wolf (1993b; Wolf & Bowers, 1994)
conducted a complete re-analysis of their two longitudinal data
bases in Canada and the United States. They divided their
subjects simply according to subjects’ performance on naming-
speed deficits and nonsense-word decoding deficits. Four
distinct groups emerged: 1) average readers with no deficits on
either; 2) a dissociated, decoding-deficit group whose naming-
speed was intact; 3) a dissociated, naming-speed-deficit
subgroup whose decoding was intact, but whose performance
on exception words and reading comprehension was impaired;
and 4) a double-deficit subgroup who were also the most
severely reading-impaired group in both samples across all
reading and naming-speed measures. Within these analyses we
wish to emphasize that when the most common American
criterion (i.e., performance on nonsense word decoding) was
used solely to classify dyslexic reader membership, an entire
subgroup of poor readers (with naming-speed and
comprehension deficits) was not picked up because of their
intact decoding skills.

Conversely, Wimmer (1993) used only a naming-speed
deficit criteria in his categorization of German-speaking
dyslexic readers, because nonsense words are easier to decode
in the regular German orthography and because his dyslexic
readers were fairly proficient on these tasks. We designed in
the present study a more extensive group of nonsense-word
decoding tasks in order to ascertain whether some German
poor readers could be categorized on the basis of nonsense-
word decoding performance alone. Thus, we sought both to
apply -a Double-Deficit approach to the categorization of
dyslexic readers, and to replicate Wimmer’s findings with
German-speaking Austrian children in a sample in Berlin.

This study is, therefore, an extension of some aspects of the
ground-breaking work by Wimmer (1993; Wimmer, Hartl, &
Moser, 1990; Wimmer, Lander], Linortner, & Hummer, 1991)
and by Niaslund and Schneider (1990, 1991). At its core are
questions about the influence of orthographic regularity on
phonological demands on a young reader—questions raised
earlier by Liberman, Liberman, Mattingly and Shankweiler
(1980) and more recently by Cossu, Shankweiler, Liberman,
Katz, and Tola (1988).

In addition to the major tasks used in American research to
investigate naming-speed, a series of new naming- and reading-
speed instruments were designed to probe different areas of
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impediment to reading fluency. Performance on these tasks
will be compared to performance on newly designed
orthographic coding measures and on a variety of phonological
measures that are modeled after tasks commonly used in
German-speaking and English-speaking populations.
Although the data analyses are in beginning stages only,
several preliminary results will be discussed following the
description of the tasks.

Subjects

In this study 84 German-speaking children from two Berlin
schools of mixed SES distribution (43 in Grade 2 and 41 in
Grade 4) were administered an extensive battery of naming-
speed, phonological and reading measures by a German-
American research assistant whose first language is German.
Male-female distribution was approximately equal: 22 boys and
21 girls in Grade 2; 23 girls and 18 boys in Grade 4. All children
identified by their teacher as possessing emotional, intellectual,
or sensory handicaps were tested but excluded from data
analyses. After attrition, bilingualism and low IQ factors were
accounted for, 79 subjects were analyzed. The mean age for
Grade 2 subjects was 8 years; the mean age for Grade 4 was 10
years.

Based on Wimmer’s criteria of poor performance on naming-
speed tasks, 6 in Grade 2 were classified as impaired readers,
and 37 as average-to-able readers; 5 in Grade 4 were classified
as impaired readers, 36 as average-to-able readers. Based on
impaired nonsense word decoding performance as criterion 6
were classified as impaired readers in Grade 2, 37 as average-to-
able readers; 5 in Grade 4 were classified as impaired and 36 as
average-to-able.

MATERIALS AND METHODS
Name-Retrieval Tasks

Rapid Automatized Naming Tests (R.A.N.) or continuous-naming
tests were used to measure name-access speed during serial
processing and to compare retrieval of various automatized
categories (letters and numbers) with nonautomatized
categories (simple objects and colors). The tests measure many
lower-level processes involved in both naming and reading: for
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example, visual recognition, symbol identification, and rapid
scanning of serially presented material. Thus, the tests
represent one way of “indexing the effort involved in executing
lower level skills” (Swanson, 1989). The tasks included three of
the original R.A.N. tests for color, letters, and numbers by
Denckla and Rudel (1974, 1976a). A fourth continuous-naming
set for objects was designed to control for phonological
difficulty and word-frequency, as well as different semantic
sets.

Each of the four continuous-naming charts consisted of five
items repeated ten times in random sequence totaling 50 items:
(1) high-frequency, lower-case letters (a, d, o, s, p): (2) digits (2,
4, 6, 7, 9); (3) high-frequency colors (red, yellow, green, blue,
black); and (4) objects (hand, chair, dog, star, book). The objects
were each monosyllabic, high-frequency, phonologically age-
appropriate words and represented membership in five
common semantic sets (body part, furniture, animals, objects in
nature, school).

Rapid Alternating Stimulus (R.A.S) (see Wolf, 1986) naming
tests were included to measure rate of processing when the
extra requirements of set-switching and the use of higher-level
contextual information are added. The format of the tests is
identical to the R.A.N. task, except that stimuli alternate from
one set to the next. Tests were administered and measured
according to the Rapid Automatized Naming test format
(Denckla & Rudel, 1976a). R.A.S. consisted of two versions, one
being a random and the other a patterned set. The patterned
R.A.S. naming task was made up of four letters, three numbers,
and three colors. The pattern of the set was held constant
(ABCABC etc.) to determine the potential use of contextual
information to increase overall speed. In addition, the fourth
graders were presented a random R.A.S. naming task. This test
differed from the patterned version, in that a pattern for the set
did not exist (ACBBA, etc.).

Phonology Tasks

For the Kispirli Phoneme Deletion task, which is adapted from
Wimmer’s “Vowel Substitution” task (Wimmer & Frith, 1992),
the children were asked to replace every vowel in the words
they heard with the /i/ sound. This task assesses a variety of
phonological skills: auditory analysis; phoneme segmentation;
phoneme recognition, deletion, and substitution. A popular
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German puppet, called “Kasperle,” was .introduced to the
children at the beginning of this testing section. Kasperle then
attempted to teach the children a “Zaubersprache” (English:
“secret language”). In this secret language, the sounds, /a/,
/e/; /o/, and /u/ were replaced by the /i/ sound, so that the
puppet’'s name was changed to “Kispirli” from the original
“Kasperle.” Three to four practice trials, which introduced the
children to the secret language, began with the transformation
of their own names. For example, “Hans” became “Hins” and
“Anna” became “Inni.” The practice trials incorporated
increasingly longer and more difficult phrases. Errors were
corrected during this period. The actual phoneme-deletion task
consisted of seven words or phrases, which totaled a maximum
of twenty-seven phonemes which were to be replaced with the
/i/ sound. The responses were measured on their total
accuracy and the speed of response.

The Phonological Oddity task, which was adapted from
Wimmer’s Rhyme Oddity Detection task (Wimmer & Frith,
1992), measured the children’s ability to discriminate a different
or odd-sounding word from a sequence of four words. The
odd-sounding word deviated from the other three of each
sequence, in that it contained a different sounding phoneme
that could be a false rhyme formed by an incorrect consonant or
vowel sound. For example, in the sequence “Grube-Stube-
Hupe-Tube” (English: “pit-room-horn-tube”), “Hupe” is the
phonologically odd sounding word in this sequence. In the
sequence, “Nase-Hase-Bluse-Vase” (English: “nose-rabbit-
blouse-vase”), “Bluse” is the oddity. Two practice trials with
consecutive corrections of errors introduced the children to this
task, which consisted of a total of ten four-word sequences.
Before naming the odd-sounding word, the children listened to
a tape recording of each group of four words two times.

Pseudo-word spelling tests involved the children’s ability to
transcribe phonologically regular nonsense words. The
following 11 words were dictated to the children by the
classroom teacher to allow maximal auditory familiarity:
“dalo,” “stendo,” “rami,” “fip,” “nosti,” “oplis,” “panfilteus,”
“promechto,” “fanena,” “pflaunkras,” and “heimobond.” This
spelling test was adapted from Wimmer and Frith (1992). The
phonemic distance measure of Bishop (1985) was used to score
the test. In this procedure, the minimal score of “zero”
indicates a correct or appropriate transcription. For each
incorrectly pronounced, deleted, or added phoneme, one point
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was added to the score. Following Wimmer’s procedures, in
evaluating the spelling test, phonetically similar vowel pairs
(e.g., /e/ and /i/, or /u/ and /o/), which were frequently
interchanged, were scored as correct. The total score was
comprised of the sum of all misrepresented phonemes for the
11 pseudo-words.

The Memory Task, modeled after English word-span tasks
(Case, Kurland & Goldberg, 1982; Daneman & Blennerhasatt,
1984), measured the children’s short-term phonological
memory skills. The children initially heard short and then
progressively longer phrases. After hearing the phrase, they
repeated it from auditory memory. One to two trial runs
introduced the children to this task. The entire set was made
up of five sub-sets of three sentences, each of which consisted of
either two-, three-, four-, five-, or six-word phrases, totaling
fifteen sentences.

Reading Tasks

The Orthographic Coding task represented a new measure of
orthographic coding skills to assess possible differences at the
letter-cluster level between impaired German readers and
average cohorts. Modeled in part both after Berninger's
(Berninger, 1990; Berninger, Yates & Lester, 1991) two-stimuli
letter and word recognition procedures and after Peterson and
Raichle’s word recognition tasks with adults (Peterson, Snyder,
Fox & Raichle, 1990), this task measured the accuracy of rapid
perception and recognition of familiar and unfamiliar letters in
varying degrees of orthographically nonpermissible and
permissible sequences. Children were shown five sets of six
stimuli: one set with false fonts (Russian and Hebrew letters
were used to build four “letter” words); one set with
orthographically nonpermissible four-letter nonwords (e.g.,
LZYR); one set with orthographically permissible four-letter
nonwords (e.g., WIST); one set with familiar, four-letter
German words (e.g., WORT); and one set with familiar German
words of 5, 6, 7, and 8 letter words (e.g., LICHT). During the
task the first two-letter stimulus was exposed for one second.
After a 2-second interval, the second four-letter stimuli was
exposed for five seconds. The child was asked to respond yes
or no depending on whether the second stimulus contained two
letters in the exact order found in the preceding stimulus (eg.,
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Stimulus 1-XC; Stimulus 2-RXCB; or Stimulus 1-TL; Stimulus 2-
ZILT).

Order of letter presentation was controlled, as was number of
correct and incorrect second stimuli. Each set was presented
discretely as its own unit, with two or more practices before
each set presentation to insure that children understood each
specific variation of the task. See Table 1.

Rapid Automatized Words (R.A.W). This reading test represented
a new measure of reading automaticity. It measures the rate
and accuracy of decoding the names of the same five objects,
which corresponded to those of the R.A.N. naming test (book,
chair, star, hand, dog). Following principles in the original
work by Cattell (1886), fluency or automaticity on this task was
judged by the discrepancy between latencies for naming and
reading tasks. That is, when the latency for reading the object-
words was clearly faster than for naming the pictured objects,
subjects were judged as fluent for this task. The R A.W. reading
task was constructed, administered, and measured according to
the R.A.N. test format (Denckla & Rudel, 1976a), where fifty
stimulus items or words appear in five rows on a white chart.

Rapid Automatized Pseudowords (R.A.P.). This reading test
consisted of a variation of the R.A.W. test, where the real words
were replaced with pseudowords. By measuring how rapidly
and accurately pseudowords were decoded, knowledge of
phoneme-grapheme correspondence rules in the German
language in a context-free format was assessed. The
pseudowords were monosyllabic, phonologically regular, and
followed German phonotactic rules. Modeled in part after
Wimmer and Goswami’s (in press) pseudoword tasks, stimuli
differed from actual words, in that the first letter of a real word
was substituted with another letter to create a nonsense word.
For example, the word “Brot” (English: “bread”), was changed
to “Frot.” The R.AP. reading test was also constructed,
administered, and measured according to the R.A.N. test
format (Denckla & Rudel, 1976a).
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Table 1. Battery of Tasks in German Study
Naming-speed Tasks

Rapid Automatized Naming (RAN)
Letters
Numbers
Objects
Colors
Rapid Alternating Stimulus (RAS)
Patterned 3-Set
Random 3-Set
Phonological Tasks
Phoneme Deletion
Phonological Oddity
Pseudoword ﬁellmg
Phonological Memory
Reading Tasks
Orthographic Coding: False Font

(Russian and Hebrew letters)

Nonpermissible
Nonwords (XYBE)

Permissible
Nonwords (PABE)

Real Words
Rapid Automatized Words (RAW)
Rapid Automatized Pseudowords (RAP)

Word Recognition List: Real Words
(Accuracy and Latency)
Pseudowords
(Accuracy and Latency)

Reading Comprehension

Word-recognition tasks. Modeled after Néslund and Schneider’s
(1991) use of Rott and Zielinski’s (1985, 1986) original real
words and pseudowords, these tests consisted of four
individual lists of isolated real words or pseudowords. The
first list was composed of 15 high-frequency nouns, the second
of 15 high-frequency functor words, the third and fourth of 15
phonologically regular, monosyllabic nonsense words, selected
from grade-appropriate phonic workbooks. The nonsense
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words tested generalization of decoding rules and use of
analogies (Goswami, 1986 1991). The pseudowords also
included irregular versions of “sight” words, such as “mien”
instead of “mein” (English: “mine”). Such distinctions offer
valuable information on patterns of deficit in both
developmental and acquired dyslexia cases. Accuracy and
latencies were recorded for each list.

The Reading Comprehension test was made up of three parts
and based on the Grade 2 comprehension measures designed
by Naslund (1987) for the Miinchen longitudinal study
(Naslund, 1990; Schneider & Niaslund, 1992). Because this
measure had no Grade 4 extension and because there are no
general use, standardized, developmentally sequenced,
comprehension tests for German elementary grades, a fourth
grade version of the Naslund test was designed. The first two
vocabulary sections were extended by adding more
sophisticated Grade 4 vocabulary tasks. The comprehension
section was comprised of increasingly complex story-passages,
with four multiple-choice questions that assessed
comprehension of each story. The Comprehension section was
changed by incorporating an additional subset of
comprehension stories based on Grade 4 vocabulary words,
added grammatical complexity (e.g., increased use of varied
clause and phrase structure, lengthened sentences, and overall
passage length) and increased emphasis on inference in
questions following each passage.

RESULTS

Although analyses are not fully completed, we will focus our
remarks in this section on two sets of findings that are
particularly noteworthy with regard to reading acquisition and
disability.

Reading Acquisition Findings

Our major interest in the first aspect of the study was to
examine the development of automaticity among German
readers. Pivotal to this examination were the results on the
Discrepancy Score between the latency for R.A.N. Objects
naming task and the latency for the R.A.W. reading task, which,
as discussed earlier, was composed of the same words or verbal
labels as the objects on the R.A.N. Objects task. This score was
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conceptualized, sensu Cattell (1886), as a potential marker of
evolving automaticity. In Grade 2 children either named
objects faster than they read the words, or the scores were
approximately equivalent. By Grade 4, all average readers
were approximately one standard deviation faster when
reading the object word, as opposed to naming the object.
Reading latencies by Grade 4 poor readers were in large part
the same or slower than object-naming latencies. Thus, this
discrepancy measure proved a very good and very simple
means of assessing the development of automaticity in word
recognition processes.

A fascinating and unexpected finding concerned the Grade 2
R.A.N.- R AW Discrepancy score, the unexplained variation
present in these scores, and the effects of reading method on
developing automaticity. By fortuitous coincidence, our
subjects in each grade had acquired reading by two different
instructional methods. A comparison of the two Grade 2
classes was performed to examine whether differences might
emerge based on method. The class that was taught with
traditional German reading methods (i.e., an emphasis on
structured, phonic rules in German orthography) was
significantly faster on almost all reading tasks than the class
taught with the relatively new, less traditional reading
methods. In the latter class the teacher emphasized creative
writing and the equivalent of whole-language experiences
through which the child was expected to infer decoding
principles.

A second comparison was performed for Grade 4 classes
who had been taught by the same two approaches; no
significant differences were found at this time. It appears from
these findings that automaticity may be achieved more quickly
in the German language through approaches that explicitly
teach letter-sound correspondence rules. It also appears that by
two years later these differences have largely evaporated in the
majority of readers. What remains unresolved in these data are
questions of the link between reading method and the effect on
reading-disabled children. At an anecdotal level only, it is
important to note that the Grade 2 teacher who emphasized
language and creative writing was concerned that her approach
had proven less successful for the weaker readers in her class.
It would be of keen interest to examine in future research (both
in Germany and the United States) the link between evolving
automaticity (or its lag) and reading method.
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Reading Disability Comparisons

Our questions in this aspect of the study concerned 1) the
nature of the pervasive speed deficit in German disabled
readers; and 2) possible differences in findings that were
dependent on how impaired readers were classified. In the first
analysis impaired readers were categorized similar to
Wimmer’s criterion, using a naming-speed deficit (i.e., one
standard deviation below on letter-naming latency on R.A.N.
letters). As discussed in the previous section, there were
significant differences found between the two Grade 2 classes in
the development of automaticity. To avoid in the present
analyses the possible effects of reading method on development
of naming-speed, we have chosen to compare only Grade 4
subjects here. In comparison with average readers, these
impaired readers demonstrated: 1) pervasive speed deficits
across all RAN and RAS naming tasks; 2) no significant
differences on three out of the four phonological tasks (i.e.,
phoneme deletion, pseudoword spelling, phonological
memory), although differences were found on the phonological
oddity measure; 3) and in reading, a mixed profile with
significant differences on orthographic coding tasks, word
recognition latency measures (for real and pseudowords), and
reading comprehension. No significant differences, however,
were found for accuracy in word recognition for real or
pseudowords. These results replicate and indeed extend
Wimmer’s (1993) findings with a German-speaking Austrian
sample.

In our second analyses, Grade 4 readers were categorized
according to typical American, pseudoword-performance
criteria (i.e., one standard deviation below on accuracy for
pseudoword-recognition lists). Results were remarkably
different from our first analyses. Impaired readers, when
compared to average readers, demonstrated: 1) no differences
in naming-speed for R.A.N. and R.A.S. naming tasks; 2)
significant differences on half of the phonological tasks (i.e.,
phoneme deletion and phonological oddity); and 3) a different,
mixed profile on reading tasks. There were no differences on
any orthographic tasks or on the latency for the Rapid
Automatized Word task, but significant differences were found
on latency and accuracy for all other word recognition tasks
(i.e., for pseudowords and real words), and for reading
comprehension. These results for German children bear little
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resemblance to the first analyses’ results or to Wimmer’s (1993)
findings. They do, however, resemble the typical American
profile, albeit with less pronounced phonological deficits, due
to the lessened emphasis on phonological processing in German

orthography. (See group summaries in Tables 2 and 3).

Table 2. German Naming-Speed Deficit Group

Naming-speed:
AllRAN
RAS
Phonological Tasks:

Phoneme Deletion

Pseudoword Spelling

Phonological Memory

Phonological Oddity

Reading Tasks:

Orthographic Coding: Pseudowords
Real Words

Word Recognition:

(Accuracy) Real Words
Pseudowords

(Latency) Real Words
Pseudowords
RAP
RAW

Comprehension

Level of Significance

p <.001
p <.001

NS
NS
NS
p<.02

p<.01
p<.01

NS

NS

p <.001
p <.001
p <.001
p<.05
p<.01
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Table 3. German Decoding-Deficit Group

Level of Significance
Naming-speed:

AllRAN, RAS NS
Phonological Tasks:
Phoneme Deletion p<.01
Pseudoword Spelling NS
Phonological Memory NS
Phonological Oddity p<.01
Reading Tasks:
Orthographic Coding (All) NS
Word Recognition:
(Accuracy) Real Words p<.001
Pseudowords p <.001
(Latency) Real Words p <.001
Pseudowords p<.001
RAP p<.01
RAW NS
Comprehension p<.01

A more direct examination of patterns of differences between
the two deficit groups is instructive. As shown in Figures 1 and
2, on most naming and reading speed tasks, the decoding-
deficit group does not differ from the average readers. Only
when the R.A.P.’s pseudoword-decoding requirements are
included, do they differ. By contrast, the naming-speed deficit
group is predictably slower than both groups on all measures
involving timing, beginning at the most basic levels of letter
recognition. This pattern of deficit, however, is not because of
decoding or phonological-based problems, as suggested by
some American-based researchers. The naming-speed deficit
group of impaired readers is actually better than average
readers in accuracy for decoding pseudowords (Figure 1), the
major criterion used to classify dyslexic readers in American
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research, although slower in rapidly naming pseudowords
(Figure 2).

Figure 1. Decoding Accuracy, Grade 4

Figure 2. Naming and Reading Speed, Grade 4

The upshot is that we have several possible paths leading to
reading comprehension failure among German readers, just as
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we do among English readers. One path appears based on
deficits in the phonological coding system and closely
resembles prevalent notions of reading disability among
English readers. A second pattern of deficits appears closely
associated with naming-speed and timing deficits and may be
based on the inability of the individual processes to function in
an automatic fashion, thus disrupting the precise interaction
required in reading.

This study began with the notion that the regularity of
German orthography would result in less pronounced
phonological problems. To be sure, the decoding-deficit group
was impaired less on these tasks than typical for English
speaking readers, reflecting the lowered phonological demands
in the learning of written German language. However, our data
do not support a view of less prevalent phonological deficits
among German readers. Rather, these data in the German
orthography indicate that when phonological demands placed
on reading are reduced by more regular orthographies, the
naming-speed deficit becomes more clearly visible and a core
impediment in many impaired readers, alongside a less
pronounced but equally present phonological deficit in others.
Most importantly, in German as in English, the very worst
readers were impaired in both areas (see Bowers & Wolf, 1993a,
1993b).

The central finding is that the double-deficit
conceptualization highlighted different deficit patterns of
reading failure in German readers. A more universal
conceptualization of reading dysfunction, at a minimum, must
include both core deficits in our matrix of reading disability
factors, if we are not to exclude an entire subgroup of poor
readers in our diagnosis and intervention efforts.

CONCLUSIONS

The explicit purpose of this paper was to begin an examination
of reading disabilities in several languages with more regular
orthographies, with a special focus on the German language.
Our implicit purpose was, in fact, to begin the task of going
beyond the “implicit, universalist claims” about dyslexia by
American researchers.

The consensual view in American research at this time is that
phonological deficits are the primary source of reading failure
among children. In this chapter we have gathered evidence
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about reading failure from orthographies whose structure
places less phonological demands on the developing reader.
Data bases from Dutch, Spanish, and German indicate the
presence of a second core deficit, in the processes underlying the
ability to name visually presented information under speeded
conditions. Such a conceptualization, which we have termed
the “Double-Deficit Hypothesis” (Bowers & Wolf, 1993a, 1993b;
Wolf & Bowers, 1994; see Bowers, et al., chapter 5 in this
volume), does not dispute the critical importance of
phonological factors in understanding reading problems, but
contends that this view is insufficient to portray the
heterogeneity of disabled readers and the extensively
documented presence of naming-speed deficits among poor
readers in various language systems.

There is growing evidence in the German language that poor
readers exhibit somewhat less pronounced phonological deficit
patterns, and somewhat more pronounced speed deficits in
naming and reading (Naslund & Schneider, 1990; Wimmer,
1993; Wolf, 1994). The findings presented in this chapter
replicate previous results and extend them. Together, these
data in the German orthography indicate that when
phonological demands placed on reading are reduced by more
regular orthographies, the naming-speed deficit becomes more
clearly visible and a core impediment in dyslexic readers. We
interpret these data as partial evidence that the particular role
forced upon phonological processes by English orthography
has obscured the critical role played by processes underlying
naming-speed. We also conclude that in the German language,
as in English, the most severely impaired readers have deficits
in both phonological processes and the processes underlying
naming-speed, thus allowing no compensatory mechanisms to
operate (Bowers et al., chapter 5, this volume).

Bowers and Wolf (1993a) have suggested that naming-speed
deficits may prove to be a marker for the disruption of those
automatic processes that underlie the induction of orthographic
knowledge and the rapid access to lexical codes. At the very
least, the double-deficit hypothesis permits a broader and, we
suggest, more universal conceptualization of the dyslexias, that
better incorporates the influence of orthographic factors on
reading development in different language systems.
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NOTES

1. It should be noted here that in nonalphabetic writing system, such as the
Japanese syllabary (Kana) and the Chinese morphemic script, we do not
imply that phonologically based processing is largely alleviated. Steadily
accumulating data indicates important roles for both phonological mediation
and visual coding in the Chinese fluent reader (Leong, 1989; Seidenberg, 1985;
Jackson, Lu, & Ju, chapter 2, this volume).

2. Although the process of mdinéoacquisition in German may be simpler,
later reading stages %ose particular forms of complexity that are not found as
frequently in English (e.g., the common use of very lengthy, multisyllabic
words based on compounding procedures in German; for example,
“Schifffahrtskapitinsmiitze” for “a cruise captain’s hat”).
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LIMITS UPON ORTHOGRAPHIC KNOWLEDGE DUE TO
PROCESSES INDEXED BY NAMING SPEED

Research has clearly established the importance of phonemic
sensitivity in reading acquisition, as reflected in measures such
as the ability to segment words into constituent phonemes.
Whether such skill plays as crucial a role in gaining
orthographic knowledge, as it does in learning to decode words
based on symbol-sound correspondences, is a matter of debate.
Some theorists contend that poor development of letter-sound
knowledge (Ehri, 1992) and insufficient reading experience or
exposure to print (Stanovich, 1992) play the major roles in the
orthographic skill deficits of reading disabled (RD) children.
We wish to supplement this view by proposing that a largely
independent individual difference factor, indexed by speed of
naming simple visual symbols such as single digits or letters,
has a significant effect upon learning and retrieving
orthographic patterns. The reading disabled child typically has
difficulties in both phonemic sensitivity and in orthographic
processing. We argue that the reading disabled child’s failure
to abstract orthographic regularity after repeated print
exposure and consequent difficulty acquiring automatic word
recognition (Venezky & Massaro, 1979) may be due to slow
access to letter codes as well as to the spiralling effects of
initially poor decoding and restricted reading experience.

Ehri (1992, p. 120) suggests that the two routes to word
recognition are distinguished primarily by the “unit that is used
to locate a specific word in the lexicon: a blend of phonemes
[phonological recoding route] versus a sequence of letters
[visual-phonological or sight route].” Phonological recoding of
print lays the groundwork for reading, but the need for
recoding soon drops out, in favor of specific connections linking
spelling to pronunciation and meaning, and retained in
memory as orthographic images. “It is this amalgam that is
accessed directly when sight words are read and recognized by
means of visual-phonological connections” (Ehri, 1992, p. 120).
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Such a systematic representation permits rapid word
recognition.

This description of normal reading acquisition is a
framework we adopt. However, there are (at least) two points
in this description where weaknesses in processing might lead
to reading disabilities: poor recoding skill and inadequate
development of orthographic images. Ehri highlights the
recoding weakness, and suggests that deficits here are sufficient
to undermine the orthographic route as well; she does not
argue for the existence of another independent individual
difference source of variance in orthographic skill. Thus, Ehri’s
explanation of the slow and inaccurate reading of poor readers
is that the recoding which lays the ground for sight words is
weak, leading to incomplete analysis and poor recall. “Not
only are [poor readers] unable to phonologically recode words
very accurately or rapidly, but also their poor recoding skill
precludes their learning to read words by sight using the
cipher” (Ehri, 1992, p. 139). In a somewhat similar vein,
Stanovich (1992) describes a plausible developmental sequence
in which poor phonemic sensitivity and Iletter-sound
knowledge, along with a preference for a global rather than
analytic strategy of reading words, leads to poor early reading
skill and less exposure to print, in or out of school. He argues
that the combined effects of these variables might well explain
poor orthographic skill and slow reading. While
acknowledging the possibility that a problem associated with
the “automatic and nonintentional induction of orthographic
patterns” (Stanovich, 1988, p. 601) may exist for a small group
of dyslexics, he suggests that “overly global processing,” with
insufficient attention to each letter, rather than some
unspecified “hard-wired” process, is a more likely source of
impaired ability to form orthographic representations
(Stanovich, 1992, p. 321).

Perfetti’s (1992) description of the importance of the quality
of lexical representation in developing skilled reading is similar
in many ways to Ehri’s. He stressed that skilled readers have a
well developed autonomous lexicon; their word recognition is
not affected by context or other influences outside the lexical
system, and is therefore fast and reliable. “Autonomy follows
naturally from the acquisition of such [fully specified and
redundant lexical] representations” (p. 162). The basis for such
representations is phonemic and alphabetic knowledge, which
develop in tandem. Reading practice affects reading speed
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mainly because it contributes to a fully specified and redundant
system; a fully specified system is thereby an autonomous and
fast one. Perfetti (1992) focusses upon the role of phonemic
knowledge in interaction with reading in the eventual
development of this autonomous lexicon.

Thus, according to Ehri’s and Perfetti’'s models of the
emergence of sight words and an autonomous lexicon, when
words come to be precisely represented by their letters, they are
recalled quickly. One bottleneck to precise representation is
that the phonological codes for the letters and words are not
adequate for the task. If the child has some difficulty sounding
out a word, or recalling the precise phonemic codes, the
amalgamation of the sounds to the visual representations of
them is impaired or delayed, and the representation cannot be
fully specified. The evidence that this is the primary
impediment to achieving a precise word representation, given
adequate print exposure, is somewhat indirect. Namely, it is
known that reading disabled or dyslexic children, while poor in
all reading skills, tend to be especially disadvantaged in the
reading of nonwords. Almost by definition, decoding
nonwords requires good knowledge and use of phonological
codes and sound-symbol correspondences, and a willingness to
use an analytic strategy to decode rather than to rely on a global
(typically guessing) strategy. Furthermore, delayed
development of phonological awareness is associated with slow
acquisition of reading skill, and there is some evidence that
early training in phonological awareness may be helpful in
overcoming or preventing reading problems (e.g., Bradley &
Bryant, 1985; Torgesen, Morgan, & Davis, 1992). Given the
demonstrated importance of phonological awareness to reading
acquisition, it has been easy to assume that the primary
stumbling block to a precise orthographic representation of
words (apart from inadequate levels of exposure to print) is at
the sound or phonemic side of the needed correspondence. We
have no wish to dispute the reciprocal relationships in the
course of reading acquisition of phonological and orthographic
knowledge, and thus the cost to the growth in orthographic
skill of poor phonemic awareness. We merely argue for
another “stumbling block” on the visual or orthographic side of
the correspondence, namely processes indexed by naming
speed.

pSeveral studies have observed that orthographic skill
contributes variance to word recognition above that attributable
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to phonological skill (Barker, Torgesen & Wagner, 1992;
Cunningham & Stanovich, 1990; Manis, Szeszulski, Holt &
Graves, 1990; Olson, Wise, Conners, & Rack, 1990). However,
we need to learn more about the determinants of such
orthographic skill. While it is obvious that some print exposure
is necessary to learn orthographic patterns, the impact of extent
of exposure on orthographic skill had not been documented
until recently. Stanovich and West (1989) and Cunningham
and Stanovich (1990) have related variability in out-of-school
reading, indexed by indirect measures of print exposure,
specifically to orthographic skill. Nevertheless, there remains
unexplained variance in orthographic processing skill even
after controlling for variables such as IQ, memory, phonological
processing and print exposure, in samples of children and
adults unselected for reading ability (Barker et al., 1992;
Cunningham & Stanovich, 1990; Stanovich & West, 1989;
Wagner & Barker, chapter 7, this volume). Perhaps this
“unexplained” variance assumes greater importance in reading
disabled samples. Such a possibility is supported by the greater
independence of phonological and orthographic skills within a
sample of disabled readers than within normal readers (Olson
et al.,, 1990), suggesting more “room” for the operation of
additional factors affecting orthographic skill in disabled
readers.

Rather than accepting the view that the “unexplained”
variance may be due to as yet unmeasured practice effects or
strategy differences (Barker et al., 1992), we have pursued the
hypothesis that a well-known but somewhat isolated literature
concerning the relationship between reading and automatized
naming (Denckla & Rudel, 1974; 1976; Wolf, 1991) is relevant to
understanding the role of orthographic skill in reading. The
focus of the research done in our lab over the last several years
can be conceptualized as an expansion of the model elaborated
by Ehri (1992), an extension designed to better account for the
failure of reading disabled children to achieve fluent word
recognition, even of well-practiced words. Our hypothesis has
been that poor phonological sensitivity is not a sufficient
individual difference explanation for reading disabled
children’s lack of fluency, although it may well be a
contributing factor. Along with Wagner and Barker (chapter 7,
this volume), we believe that orthographic skill and text fluency
are closely related. A number of empirical findings lead us to
this revised account of fluent reading. These include the large
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differences between reading disabled and normally reading
children in speed of reading words, even when reading practice
is constant across groups (Ehri & Wilce, 1983; Manis, 1985;
Reitsma, 1983), the remarkably low level of correlation of
phonemic skill with growth in speed of recognition under
controlled conditions (Reitsma, 1989; Bowers & Kennedy, 1993),
and the commonly reported finding that reading disabled and
normally achieving children differ on the speed of naming
simple digits, a task not involving phonemic sensitivity. We
hypothesize that the processes involved in creating reliable
individual differences on a simple digit naming speed test
affect equally the speed of recognizing letters; slow symbol
recognition might be involved in the slow and limited growth
in orthographic skill among very poor readers, and therefore
contributes to a nonfluent reading style. We are beginning to
develop evidence that supports our view. Given naming speed
within a broad “normal” range, the chief “internal” block to
skilled sight word reading may well be insufficiently precise
phonemic information. However, we will argue that reading
disabled children (and some other readers) often have naming
speeds slower than this range, indicating the presence of an
additional weakness that independently as well as interactively
interferes with forming precise orthographic representations of
words and accessing them (remembering them) efficiently.
(However, see Olson et al, chapter 1, this volume, for an
alternative view.)

WHY IS NAMING SPEED FOR VISUAL SYMBOLS CORRELATED WITH READING?

Given our hypothesis of such an important role for the
processes indexed by naming speed, we must document some
of the reasons for its prominence in our theory. (A more
complete review may be found in Wolf, 1991, and Bowers &
Wolf, 1993b.) Denckla and Rudel (1974; 1976) demonstrated
that reading disabled children differed from normally reading
children on the speed with which they named common
numbers, letters, color patches and line drawings of objects,
arrayed on cards in a continuous list. Denckla and Rudel’s task,
referred to as Rapid Automatized Naming (R.A.N.), consists of
five target items arrayed in five rows of ten items. Spring and
Capps (1974) also showed differences in continuous-list digit
naming speed between reading disabled and normally
achieving students, and presented some evidence that such
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differences were associated with the dysfunctional rehearsal
and memory processes of these children.

Wolf and her colleagues (Wolf, 1984; Wolf, Bally & Morris,
1986) reviewed and extended this work, showing that the
power of non-graphological naming speed tests (R.A.N. colors
and objects) for predicting reader levels diminished after
kindergarten, while R.A.N. numbers and letters continued to
predict reading from kindergarten through Grade 2. Spring
and Davis (1988) further demonstrated that digit naming speed
correlated with accuracy of both irregular-word and nonsense-
word reading of older children, despite evidence that these
words were processed in different ways. Biemiller (1977-78)
and Lovett (1987) showed that continuous-list naming speed
was correlated with a variety of reading measures, including
speed of identifying printed words. The naming speed deficit
associated with reading disability is long lasting. Not only is
retest reliability over a two year span about .85 (Bowers & Wolf,
1993b), adults who were reading disabled as children continue
to name R.A.N. items more slowly than adults classified as
either nondisabled or as borderline disabled in childhood
(Felton, Naylor & Wood, 1990).

Of course, correlation with reading skill does not isolate the
basis for that correlation. Ellis and Miles (1981) presented
evidence that reading disabled children did not differ from
normally achieving children on measures of articulation speed,
simple visual matching time, or two choice reaction time, even
though their lexical access speed was slower. (However,
Nicolson & Fawcett [in press] did find differences between
dyslexics and controls on choice reaction time, despite there
being no difference between groups on a measure of simple
reaction time.) Research by Felton, Wood, Brown and
Campbell (1987) narrowed further the possible sources of the
relationship, by showing that children with Attention Deficit
Disorder do not have naming speed deficits unless there is an
accompanying reading disability. But the task of identifying
what is not responsible for the relationship between reading
and naming speed is far from complete.

ROLES OF TASK COMPLEXITY AND SAMPLE CHARACTERISTICS IN
NAMING - READING CORRELATION

If the crucial variable tapped by naming items on continuous
lists is simply speed of retrieving the name of individual items,
or lexical access speed (Ellis & Miles, 1981), presenting those
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items discretely by computer should result in a more refined
measurement of retrieval time, or latency to begin pronouncing
the name. Yet instead of increasing the power of the
discrimination of reader groups, research using this method has
had mixed results. Perfetti, Finger and Hogaboam (1978),
Stanovich (1981), and Stanovich, Feeman and Cunningham
(1983) used a discrete-trial methodology to assess naming
speed. They found that latency to correct identification of
discretely-presented single digits or letters did not always
correlate significantly with reading. In a later study with a
similar pattern of data, Stanovich, Nathan, and Zolman (1988)
found correlations of only .34 and .36 between letter naming
speed on discrete trials and reading comprehension in 3rd and
7th grade children, and no relationship among 5th graders. In
subsamples of different grades matched for reading
comprehension, discrete-trial letter naming speed correlated
with age somewhat better than it did with reading skill, leading
the authors to discount its importance to reading disability.
Stanovich et al. (1983, p. 200) suggested that naming continuous
lists requires more complex responses than naming single
items, including “...scanning, sequential response, and motor-
production strategies which could differentiate good from poor
readers.” Hence, they argued that speed of naming such lists
should not be considered a good measure of automaticity of
name retrieval per se.

Yet, reader group differences using discrete-trial
methodology have been documented in some samples. Ehri
and Wilce (1983) reported that discrete-trial latencies for digits
and pictures of objects as well as words are slower for less
skilled readers in Grades 1, 2 and 4. Levy and Hinchley (1990)
found poor readers in grades 3 to 6 slower to name discretely-
presented object drawings. Among samples of kindergarten
and second grade children unselected for reading ability,
Walsh, Price and Gillingham (1988) reported that discrete-trial
letter naming speed predicted the later reading level of
kindergarten but not grade 2 children. They argued for the
“transitory” importance of efficient retrieval of letter names per
se.

Such varied findings meant we must understand not only
differences between results of studies using continuous lists
and discrete trials, but also differences among discrete-trial
studies. One dimension underlying some of the differences in
the strength of the naming speed-reading relationship within
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the latter studies may be the degree of reading disability of the
poorer readers. This dimension may also account for
discrepancies between studies using continuous-list and
discrete-trial methods, since continuous-list studies tend to
sample more severely disabled readers than discrete-trial
studies.

Thus, the degree of complexity of the naming task and the
nature of the reading groups being discriminated may underlie
the differential results obtained in studies employing discrete
vs. continuous formats for measuring naming speed.
Developing a more precise hypothesis about the nature of the
complexity involved on continuous lists, Spring and Davis
(1988) suggested that the discrepancy sometimes found
between correlations of reading skills with naming speed
measured on continuous lists vs. discrete trials might be due to
the ability of good readers to overlap different stages in naming
items. They argued that good readers named the target while
partially processing information to the right of it, while poor
readers were restricted to serial processing. Continuous lists
gave the opportunity to make use of such parallel processing;
discrete trials did not.

Both complexity and subject selection issues were addressed
in our lab by Swanson (1989). She compared continuous lists
for six digits, six letters and six colors, with the same items
gresented in several discrete presentation formats on computer.

wanson increased discrete-trial task complexity in two steps.
In addition to a standard discrete-trial format of a relatively
long interstimulus interval (ISI) between a child’s response and
the next target, the child named both a single target with no
“rest” between items (very brief ISI between response and new
target) and also a central target item in a three-item array, also
with no rest between items. A hypothesis similar to Spring and
Davis’ (1988) was explored by including two types of complex,
three-item, array. Conditions were devised in which 1) the item
to the right of the target (the third item in each array) became a
central target item in the next array (relevant condition), and 2)
the adjacent item in one array was not the target in the next
(irrelevant condition). To discover ages and reader groups in
which each format had power to discriminate, poor, average,
and good readers in grades 1, 3, and 6 were studied.

The speed of naming digits and letters on both discrete trials
and continuous lists discriminated the poor and average
reading groups across all grades; average and good readers
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were discriminated only on the continuous lists, and less
strongly than poor and average reader groups. Speed of
naming color patches discriminated poor and average readers
only in Grade 1. When entered into multiple regression
analyses, the speed of naming symbols under the simplest
condition (i.e., single symbols presented with a relatively long
ISI) accounted for much of the variance in the discrimination of
{)001' and average readers by continuous lists. Both continuous-
ist and discrete-trial methods appear to tap the single name
retrieval automaticity thought to be important to reading.
However, the data indicated older (Grade 6) poor readers were
better discriminated from average readers by the continuous
lists or by the more complex conditions for measuring single
item identification speed than by the simplest discrete-trial
condition. Contrary to the hypotheses offered by both Spring
and Davis (1988) and Swanson (1989), little evidence was
obtained that processing of items to the right of the target was
involved in reader differences.

Bowers and Swanson (1991) and Bowers (1994) further
explored the parameters of naming speed for digits and letters
on discrete trials and continuous lists among poor and average
readers in a longitudinal study in grades 2, 3,and 4. The level
of complexity of discrete presentations was increased and more
systematically studied by embedding the target to be named in
an array of five items, with the three items to the right of the
target being either relevant or irrelevant to the next target, and
with ISIs between a child’s response and the next array being
either long (1.25 sec) or very brief (approximately 3 msec.)
Single item presentations with long and brief ISIs were the
same as in Swanson (1989). Poor, Moderately Poor and Good
Reader groups were defined by children’s Grade 4 scores on a
test of word identification. Analyses revealed significant effects
of reader group not only on speed of naming symbols on
continuous lists but also on latency of naming those symbols
presented on discrete trials. However, neither type of discrete
trial array nor length of ISI interacted with reader group to
affect latency of response. Children were faster naming
isolated items than naming items embedded in either relevant
or irrelevant arrays, but the type of multiple array made no
difference to their latencies, confirming Swanson’s (1989)
study.! Brief ISIs tended to impede quick responding in early
grades but did not affect responses in Grade 4.

Continuous-list and discrete-trial formats for naming showed
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similar patterns of response. Scores from the list format
correlated highly with the discrete format, for example, in
Grade 4, r=.74 for a composite discrete-item measure, and .64
for the commonly used condition of single item presentation
with longer ISI. Hierarchical regression analyses predicting five
reading measures indicated that the continuous list not only
incorporated virtually all the reading-related variance of
discrete-trial latencies, but also contributed some unique
variance to measures of reading accuracy, although not reading
speed. Perhaps there is some additional role for the
coordination of naming processes (tapped by list format) in
decoding words and nonwords.

It is the most disabled readers, however, who are particularly
slow to name symbols. On all formats tapping naming speed,
the poor readers (below the 25th percentile on Word
Identification scores) were slower than both the moderately
poor (between the 26th and 35th percentiles) and good readers
(above the 35th percentile), while the latter groups did not
differ from one another. Figure 1 portrays the latencies for
discrete-trial digit naming for each group, under two ISI
conditions. Note that the latencies are reported for groups
defined by their Grade 4 scores, when these children were in
Grades 2, 3, and 4. In samples with very few poor readers, slow
naming may lose its predictive ability.

There is additional evidence that reading disabled children’s
slow speed of naming symbols is not restricted to continuous-
list performances. Yap and Van der Leij (1991) presented digits
under varying conditions of discrete trials to dyslexics and
chronological age and reading age controls matched on number
of words read correctly in one minute on a standardized test.
Dyslexics were less accurate than controls when two stimuli
had to be processed within a 200 msec frame. Yap and Van der
Leij (1993) presented subjects with words and pseudowords on
discrete trials under either speeded (stimuli masked after 200
msec) or unspeeded (stimuli available until response made)
conditions. Accuracy of responses of reading age control
groups, whether consisting of normally achieving readers or
moderately poor readers, were affected similarly by the
restriction of time for processing targets, while dyslexic readers’
pseudoword naming was much more affected by the time
restriction.  Interestingly, speeded processing adversely
affected dyslexics more than it did some of the control groups
on audio-visual matching and lexical decision tasks as well as
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naming tasks. This pattern led the authors to suggest
cautiously the presence of both phonological and
automatization deficits. Wolff, Michel, and Ovrut (1990)
studied dyslexic adolescents and showed that R.A.N.
continuous-list object and color speed was highly correlated
(.79 for adolescents; .81 for adults) with errors made on the
same stimuli when they were presented discretely on a film,
with either exposure duration limited or speed of film
presentation increased. When the stimuli were presented at
slow speeds and with long exposure durations, neither
dyslexics nor controls made many errors and therefore did not
differ, but when either type of speeded presentation occurred,
the number of errors made was correlated with speed of
naming items on R.A.N. continuous lists, a condition in which
typically few errors occur presumably because the subject
adjusts his/her time to avoid errors.

In short, our favored hypothesis asserts that tests of rapid
naming of symbols are associated with reading largely because
slow speed on such tests marks an inability to identify
graphemes sufficiently quickly to support efficient word
recognition. While this hypothesis has survived some of the
challenges against it, as described above, there are several other
plausible alternative explanations of the relationship.

ALTERNATE ACCOUNTS OF NAMING SPEED-READING RELATIONSHIPS
Role of IQ

Is it possible that IQ plays some role in the naming speed
deficits of reading disabled children? Results in ours and
others’ laboratories strongly suggest this is not the case. For
example, in a clinic sample of children aged 8 to 11 (Bowers,
Steffy & Tate, 1988), continuous-list naming speed predicted
reading skill controlling for variance in reading contributed by
Kaufman’s (1979) Verbal Comprehension and Perceptual
Organization factor scores for the Wechsler Intelligence Scale
for Children-Revised (WISC-R) (Wechsler, 1974). In Bowers’
(1994) longitudinal study, the contribution of naming speed to
reading is independent of the contribution of WISC-R
Vocabulary (which correlates highly with Verbal 1Q) within a
sample of poor and average readers in a public school. In fact,
Wolf (1991) reported that her normal IQ sample of specific
dyslexics had slower naming speed than “garden-variety” poor
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readers, with lower IQs than the dyslexics.
Role of Word Finding

A more difficult question to answer is whether the simple
symbol naming speed measure is tapping a broader word
finding problem, one that shows itself on tests of confrontation
naming such as the Boston Naming Test. On such tests,
children are shown line drawings of common objects and their
task is to provide the name of the object. Accuracy rather than
speed is required, whereas on tests of digit or letter naming,
accuracy is at ceiling levels and only speed differentiates good
and poor readers. Wolf (1984) describes a pattern of data in
which dyslexics often have both naming speed and
confrontation naming deficits; however, the measures are
correlated differentially to reading subskills, with naming
speed contributing more to lower level reading skill while the
ability to retrieve a specific name accurately is more strongly
related to reading comprehension. Badian (1993) studied a
sample of children evaluated for possible reading difficulties
but who were classified as adequate vs. poor readers. While
these groups differed markedly on R.A.N. speed to name letters
and objects, they did not differ significantly on the Boston
Naming Test. Felton and Brown (1990) report insignificant
relationships between Boston Naming Test scores in
Kindergarten and reading scores one year later, in a sample
thought in Kindergarten to be at some risk for poor reading;
R.AN. scores in kindergarten for these same children did
predict later reading.

However, a study with a different design yielded contrasting
results. Murphy, Pollatsek and Well (1988) chose dyslexics
with especially slow R.A.N. scores and found that they also had
other oral language dysfunctions, including more errors on the
Boston Naming Test and fewer words used to retell a story they
had heard. In addition, they describe the children as having
particular difficulty using a direct, sight word route to reading
(as indicated by lexical decision tests) and being more reliant on
an indirect, phonological assembly route, a pattern
conceptualized as due to a deficit in the visual input logogen
system. Murphy et al. suggest that the deficits in an output
logogen may be associated with both R.A.N. and the expressive
language difficulties. An alternative explanation of their data,
however, in keeping with the theoretical story being developed
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here, is that the R.A.N. is implicated in the other deficit shown
by their sample, the inadequate development of the direct
route. Unfortunately, there is no way to disentangle the several
deficits in children in this study, since no comparison group of
poor readers with higher R.A.N. scores was included. As well,
the poorest readers may well be those children with
independent and additive difficulties in these areas. Our
current view is that children with word finding difficulties may
well be poor readers and slow on R.A.N., but the converse may
not be true. If a child has word finding problems, he or she
may be slow in retrieving names that are correct, and therefore
may also be slow on R.A.N. However, other children are
slower to name the most common symbols, without errors of
retrieval on confrontation naming tasks; when this occurs, the
slower R.A.N. may reflect a quite different problem.

Role of Phonological Abilities

Finally, is there reason to believe that naming speed is part of a
phonological weakness that shows itself in both poor phonemic
sensitivity and slow retrieval of names for visual material?
Wagner and Torgesen (1987) categorize phonological skill into
phonological awareness, phonological recoding in lexical
access, and phonetic recoding in working memory. Tests of
rapid naming are classified as tapping phonological recoding in
lexical access. Findings reviewed below underline the
independence of these categories, and argue against the
usefulness of focussing on the phonological aspects of symbol
naming speed to the exclusion of its visual and speed
components. (See Wolf et al., Chapter 4, this volume, for a
more complete presentation of this argument.) We believe that
differences between kinds of phonological tasks may be more
important than their similarities, a possibility obscured by
focussing on naming speed’s phonological properties. Our
work has instead spoken to task differences and the
independence of rapid naming from either phonemic sensitivity
or verbal short term memory, rather than focussing on the fact
that some sort of phonological representation is no doubt
involved in all three tasks.

Phonemic Awareness. In reference to reading acquisition and
reading disability, it is sensitivity to individual phonemes in
words that has been associated with precise representation of
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orthographic information. Only by studying both phonemic
sensitivity and naming speed in the same sample can we learn
whether individual differences in phonemic sensitivity account
for naming speed-reading relationships. That these tasks
contribute independent variance to reading was first shown by
Blachman (1984) and Mann (1984). Felton and Brown (1990),
Badian (1993), Bowers (1994), Bowers and Swanson (1991),
Cornwall (1992) and Wimmer (1993) are among others
documenting this independence using various tasks. In our
work, we have typically measured both naming speed for digits
and letters and several kinds of phonological awareness skill,
such as sound categorization and phoneme deletion (Bowers,
1994). Among the tests of phonological awareness, phoneme
deletion (Auditory Analysis Test, Rosner & Simon, 1971) has
correlated more strongly than other tests with reading, perhaps
because ceiling effects on easier tests appear to attenuate
relationships. We have found phoneme deletion and rapid
naming skills to be modestly related, in the .3 range, and to be
related differentially to various reading skills.

Fewer than half the children categorized as poor readers
when in Grade 2 retained their poor reader status when in
Grade 4, making Grade 4 reading scores the better criterion for
evaluating the role of earlier skills. Analyses were conducted to
explore how well phonemic and naming speed skills assessed
in early Grade 2 predicted reading in Grade 4. Table 1 presents
results of commonality analyses (Pedhazur, 1982) based on
hierarchical regression analyses for a sample of 38 children in
Grade 4 who were originally chosen as poor and average
readers in the same six classes in Grade 2. Presented are the
estimates of variance (R? change) contributing to several Grade
4 reading tests by Grade 2 predictors. A variable’s unique
contribution represents the additional variance accounted for
when it is entered at Step 3.

Typically, naming speed is related least strongly to nonword
reading accuracy and most strongly to word reading latency,
while the opposite pattern is present for phonemic awareness,
as indicated by the Auditory Analysis Test. Phonological
awareness skill is implicated very little in latency for correct
recognition of easy, highly frequent words. Moreover, these
contributions to reading skills are reasonably independent.
This pattern of results is found at each grade level in the
longitudinal sample, as well as in predicting from Grade 2
naming speed and phoneme deletion to Grade 4 reading. In
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some analyses, there is an interaction of naming speed and
phoneme deletion in predicting latency for recognizing
moderately. frequent words, such that when naming speed is
fast, word recognition is fast, regardless of phoneme deletion
score, but when naming speed is slow, phoneme deletion skill
contributes to faster word recognition. Thus, children low on
both skills are particularly slow to identify these words.

Table 1.

Hierarchical regression analyses predicting Grade 4 reading from Grade
2 variables: Total Variance contributed to Grade 4 reading by Grade 2
WISC-R Vocabulary; Common and unique variance contributed to
Grade 4 readix:g by Grade 2 Digit Naming Speed (DNS) and Auditory
Analysis Test ( A‘F).

Word  Word Pas. Easy Harder
Ident.2a Attack Comp.®? Wordlatc Word latd
Variable
Vocab: Total .18 .10 25 .00 .05
DNS and AAT:
Common 10 10 06 11 .10
DNS: Unique .06+ 04 10" 284 29
AAT:Unique  .11* 22 03 04 03

Interaction of
DNS X AAT 06+ 02 05+ .04 .09*

a Subtest of Woodcock Reading Mastery Test (Woodcock, 1973), b
Subtest of Woodcock Reading Mastery Test-Revised (Woodcock, 1987).
¢ Words taken from Olson et al. (1985). ¢ Words taken from list of
moderately freguent words (Lovett, Ransby & Barron, 1988).

+p<.1,*p < .05 *p<.01; **p < 001, indicating significance level of the
unique contribution of DNS, AAT, and their interaction.

A similar differential pattern occurred with respect to several
measures of text reading proficiency in the same sample
(Bowers, 1993). Although phoneme deletion was related to the
number of errors made on a given passage, it was not strongly
related to the number of words read per minute on that
passage. Conversely, naming speed contributed to errors less
strongly than did phoneme deletion, but was related much
more strongly to words read per minute. More intriguing still,
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naming speed was related to words/minute even when a
child’s score on a standardized test of word identification was
controlled. Moreover, when children practiced reading the text
several times, text speed after practice was a function not only
of speed before practice (as expected, a very strong effect) but
also of naming speed to a small but significant extent. This
finding was especially true for children whose reading speeds
were slower initially, suggesting that among slower readers, the
child with slower speed to name symbols benefitted slightly
less than faster naming peers from each additional practice with
text. Phoneme deletion scores were not related to gains in text
speed.

pYoung and Bowers (1994) also looked at the role of naming
speed in fluent, expressive reading of fifth grade children who
were poor or average readers. A major question addressed in
this study was the role of the difficulty level of the text in
determining the expressiveness of reading it. If poor readers
read sufficiently easy text, will their reading style be similar to
that of average readers reading much more difficult text?
Raters assigned scores for each child’s oral readings according
to Allington’s (1983) Fluency Scale. Scores ranged from 1 (word
by word reading) to 6 (read in phrases...expression
approximates normal speech). Results showed that average
readers performed significantly better than poor readers in
terms of accuracy, reading rate, and fluency over all levels of
text difficulty (i.e., readability levels of text estimated at grades
2,3 and 5). Even when poor readers were given prior practice
reading words (in isolation) on the easiest text, so that accuracy
of poor readers on Grade 2 text and average readers on Grade 5
text was equally high, the poor reader group read their easy
text more slowly than average readers read their harder text.
Controlling statistically for these speed differences, the poor
readers were still significantly less expressive and fluent when
reading the easiest text than the average readers were on grade
appropriate text. Digit naming speed was strongly associated
with text speed and ratings of fluency independently of Word
Identification and phoneme deletion skill. Phoneme deletion’s
contribution to fluency was common to that contributed by
word identification. The poor readers in this sample also took
part in a training study to explore the impact of different
treatment conditions on fluency (Young, 1993). In a fashion
similar to Bowers (1993a), naming speed but not phoneme
deletion predicted additional variance to posttest reading speed
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and fluency, even after controlling for pretest values on these
measures.

Verbal Memory. Wagner and Torgesen (1987) also list phonetic
recoding in working memory as a third type of phonological
skill. Does rapid naming reflect or affect skills involved in
verbal short term memory? The results of studies of this topic
are mixed. Spring and Capps (1974) and Spring and Perry
(1983) suggested these were closely related processes, as did the
review by Dempster (1981) indicating that item identification
speed is related to short term memory skill. However, studies
by Bowers (1994), Bowers et al. (1988), Cornwall (1992), Felton
and Brown (1990) and Wimmer (1993) did not find significant
relationships between rapid naming and verbal digit span
and/or sentence memory in their samples selected to study
reading disability. In fact, in Bowers et al. (1988) and Cornwall
(1992), digit span was more highly related to word attack skills
than other reading measures, a pattern of relationship quite
different from that found for rapid naming tests.

Conclusion of Search for Alternate Account

This review of the literature on the relationships among various
predictors of reading skill has persuaded us that rapid naming
tests are related to reading independently of other well-
established predictors. We have concluded that the continuous-
list task discriminates the poorest readers from somewhat
better readers for largely similar reasons as do discrete-item
tasks; they both appear to tap the speed to access names of
highly automatized printed symbols. Moreover, speed on both
formats is more highly correlated with measures of reading
speed than with other reading skills (Bowers & Swanson, 1991;
Bowers, 1994). The continuous-list naming speed tasks tend to
correlate somewhat more strongly with word identification
accuracy measures than do discrete trial measures, especially in
older readers. Perhaps this difference is related to the fact that
occasional errors on continuous lists are considered “process
indicative” (Rudel, as cited in Wolf, 1991) and may add to the
sensitivity of the continuous list in its discrimination of reader
groups. In contrast, discrete trials with errors or self corrections
are dropped from analyses. Consequently, we have been
content to employ the very easily administered continuous-list
task in our studies of naming speed.
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WHAT ARE THE IMPLICATIONS OF SLOW READING?

As indicated above, digit or letter naming speed correlates with
many measures of reading proficiency using both accuracy and
speed criteria (Spring & Davis, 1988, Wolf et al., 1986).
However, digit or letter naming speed is especially strongly
correlated with the speed of identifying isolated words (Bowers
& Swanson, 1991; Bowers, 1994; Levy & Hinchley, 1990; Lovett,
1987) or speed of reading text (Biemiller, 1977-78; Bowers, 1993;
Cornwall, 1992). For example, Bowers (1994) reported that
Grade 4 correlations of digit naming speed and latency for
correct recognition of highly frequent and moderately frequent
words presented in isolation by computer were .69 and .63,
respectively. Indeed, evidence from our lab suggests that
naming speed’s relationship to untimed reading
comprehension is accounted for by variance in speed of naming
isolated words, whether they follow regular symbol-sound
correspondence rules or are exception words. Given the strong
relationship between speed of identifying isolated words and
text reading speed, it is not surprising that digit naming speed
and speed of reading text of an appropriate difficulty level for
each child, correlated about .7 (Bowers, 1994). Naming speed is
related to text speed even when the substantial variance
attributable to a standardized test of word recognition accuracy
is controlled. Note that very quick access to the name of a word
suggests that it has become a “sight” word and has been
remembered on the basis of its orthographic image (Ehri, 1992)
rather than reconstructed by decoding it. Wagner and Barker
(chapter 7, this volume) offer a similar rationale.

While speed of reading familiar words is one measure
(associated with rapid naming tests but not phoneme deletion
in our studies) indicating use of an orthographic route, we do
not wish to argue that phonological information does not
participate in the recognition of words via an orthographic
route. Perfetti’s (1992) description of how redundant
information contributes to an autonomous lexicon is pertinent
here. However, the distinction between addressed
(orthographic) and assembled (phonological) routes is viable
even when it is recognized that these processes are not
independent and that information about both graphemes and
phonemes interact in contributing to both.
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Other Reading Behaviors Associated With Slow Reading

While reading speed taps orthographic skill, such skill is more
commonly assessed by other measures of letter pattern
knowledge, including tests of exception word accuracy. (Since
exception words cannot be recognized solely by decoding rules,
letter pattern knowledge contributes to accuracy of their
identification.) Yet speed of reading words, text, letters and
numbers has rarely been examined along with a variety of letter
pattern skill measures. Examination of the reading behaviors
associated with slow reading, as distinct from those behaviors
associated with poor decoding skill, might help us learn if slow
reading is in fact associated strongly with other aspects of
orthographic processing. Alternatively, speed of reading might
be so imperfect a correlate of orthographic skill that when
children are selected on this basis, they might be characterized
by a very narrow pattern of deficits confined to speed of
reading words, text, and perhaps graphemic symbols. To learn
the implications of slow reading as distinct from poor decoding,
Bowers and Wolf (1993a) reanalyzed data from two
longitudinal samples. The first sample was described above
and consisted of 38 poor and average readers tested in Grades
2, 3 and 4; the other sample traced children, unselected for
reading ability, from kindergarten to Grade 4 (Wolf, 1991). On
the basis of Grade 4 scores, children were divided into four
groups based on nonword decoding and speed of recognizing
easy regular words. We will describe the results from the
Bowers study, which were presented in a different framework
earlier in this chapter. Wolf’s data presented a very similar
picture.

The Grade 4 children in the longitudinal sample were
divided into four groups based upon Woodcock Reading
Mastery Test (WRMT) (Woodcock, 1973) Word Attack scores
above and below the 35th percentile for grade, and average
speed (above and below 750 msec) of correctly reading easy
regular words. These words, taken from a list of words
estimated to be at the Grade 2 level (Olson, Kliegl, Davidson, &
Foltz, 1985) were read with ceiling accuracy. Representative
words are “home,” “did,” and “but.” Using these criteria, 15 of
the children had no deficits, 8 were both poor decoders and
slow readers, 8 were just slow readers and 7 were just poor
decoders. The two slow reader groups were similar in word
speed but differed in Word Attack scores, and the two poor



ORTHOGRAPHIC KNOWLEDGE & NAMING SPEED 193

decoder groups were similar in Word Attack but differed in
speed. (See Table 2.)

Table 2.

Means for nonword decoding and easy word latency for each of the
groups formed on the basis of these variables.

Nonword Decoding

Latency for words High Low
above 35th percentile | below 35th percentile

Fast n=15 n=7
(below 750 ms) Decoding: 66 %ile Decoding: 26 %ile

Latency: 611 ms Latency: 634 ms
Slow n=8 n=8§
above 750 ms) Decoding: 58 %ile Decoding: 20 %ile
Latency: 911 ms Latency: 1136 ms

MANOVAs were performed on reading and reading related
variables listed in Table 3 to examine the effects of two levels of
each of two factors on the various tests. The results
demonstrated that each factor had a strong main effect on some
variables and a tendency to affect other variables. There were
few interactions of factors. However, each factor affected most
strongly a different subset of variables. Good vs. poor nonword
reading (across levels of speed) was significantly associated
with good and poor WRMT Word Identification accuracy,
Vocabulary knowledge, WRMT and WRMT-R untimed reading
comprehension and Auditory Analysis Test scores, in a clear
demonstration of the importance of decoding skills. However,
slow vs. fast reading of simple words (across levels of decoding
accuracy) was significantly associated with the untimed test of
reading comprehension, number of correct identifications of
both exception words and less frequent words, story reading
speed and errors on those stories, and digit naming speed.
Thus, the good decoders who differed on speed of naming easy
regular words also differed on reading comprehension. Despite
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being similarly accurate on a standardized test of word
identification, they nevertheless differed on accuracy of reading
exception words (whose letter patterns are, by definition,
encountered relatively infrequently) and less frequent words.
While their story reading speeds differed in expected ways,
errors while reading those stories also differed. (A somewhat
similar pattern of deficits was found for the rate-disabled
children studied by Lovett, 1987.) Similarly, poor decoders
who were fast vs. slow on these easy words also differed from
each other on the same variables. Those who had double
deficits (with both poor decoding and slow reading) were
clearly the worst readers in the study, differing from each single
deficit group as well as from the no deficit group on some or all
reading measures. The double deficit children were especially
poor readers, and the children with single deficits in the present
study, while poorer readers on some skills than the “no deficit”
group, could compensate for their weaknesses to some extent.
The single deficit groups were similar to one another on many
variables, including interestingly, the Auditory Analysis Test.

Table 3.
Measures in longitudinal study.

1. Word Identification and Word Attack from Woodcock Reading
Mastery Test (WRMT) (Woodcock, 1973) in Grades 2, 3 and 4.

2. Passage Comprehension from WRMT (Woodcock, 1973) in Grade
3, and from WRMT-R (Woodcock, 1987) in Grade 4.

3. Number of isolated words presented on computer read
accurately, and latency for correctly read words, for the following
word It_z'pes:

a) High frequencgg regular and exception words in Grade 4
(Olson et al. 1985)

b) Moderate frequexgcg' regularand exception words in Grade
4 (Lovett et al., 1988)

4. Speed of naming single digits on a continuous list (Swanson,
1989), measured 1n items per second in Grades 2, 3, and 4.

5. Auditory Analysis Test (Rosner & Simon, 1971): deletion of the
first or second consonant of a consonant blend, or of the last
consonant, Grades 2, 3 and 4.

6. Vocabulary subtest from WISC-R in Grades 2and 4.

7. Story reading measures: Children read 100 word passages
adapted from SRA stories at a level of difficulty appropriate for
each child. Analyzed are:

a) Story difficulty level
b) Number of errors
¢) Words read per minute for first reading of one story
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However, they differed on the naming speed test. Since the
worst readers in the study had “double deficits,” it is perhaps
unsurprising that these problems have been thought to be part
of the same core (phonological) deficit rather than symptoms of
two coexisting problems—one in phonological decoding and
the other in lexical access speed.

The emergence of a pattern of deficits somewhat
independent of phonological decoding, consisting of slow
naming of digits, letters, and words, as well as more errors for
exception words and less frequent words, pointed to the
involvement of the orthographic system and supported our
further exploration of the hypothesis that processes indexed by
naming speed were involved specifically in the development of
orthographic codes and ease of access to them.

THE DEVELOPMENT OF ORTHOGRAPHIC REPRESENTATIONS

Orthographic codes refer to the mental representation of all
letters in words and subwords in proper sequence; when such
codes are accessed, words or word parts are remembered rather
than sounded out. It has been difficult to devise good
measurements of the quality and extent of orthographic
representations and their use in reading. Since the orthographic
route is a “direct” rather than “sounding out” route to word
recognition, it is typically fast. However, such speed is based
on processing all the letters of a word or subword. An adult
can read a word at least as fast as an individual letter, yet
knowledge of the word is not vague or global, since s/he can
notice small variations in letters. In order to tap these
characteristics, researchers use measures of reading accuracy
and speed for exception words, and decision tasks in which a
person must choose which word of a pair is a real word rather
than a similarly sounding nonword (eg., peece vs. peace;
salmon vs sammon). Someone with good orthographic skill is
familiar with the specific letter patterns in the real word which
permits him/her to decide more quickly that, for example,
“salmon” is a word and “sammon” is not a word, without
pondering the decision.

Factors Affecting Differential Growth in Orthographic Knowledge

Symbol naming speed’s strong relationship to speed of reading
words and text, and significant association with accurate
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identification of words, especially exception words, suggested it
might fit into a model of reading as an index of facility in using
orthographic (or letter pattern) information. However, a more
comprehensive understanding of factors governing
orthographic skill development was needed to refine the
hypothesis that rapid naming ability had something to do with
growth in the formation of orthographic representations as well
as their use. A review of the literature suggested the following
conclusions about factors associated with orthographic skill;
each of them will be discussed below.

a) Exposure to print from “out of school” reading
(Cunningham & Stanovich, 1990) is related to speed of
distinguishing familiar words from nonwords.

b) With brief practice, normal beginning readers recognize a
specific letter pattern faster than they sound out a new pattern,
whereas brief practice does not lead to this difference in
reading-age matched (but older) reading disabled children
(Reitsma, 1983). Word and text reading practice in controlled
settings affects reading speed differentially for good and poor
readers (Bowers, 1993; Ehri & Wilce, 1983; Manis, 1985).

c) Ability to detect letter clusters in words is related to better
reading (Berninger, 1987; Berninger, Yates, & Lester, 1991).

d) Beginning readers find that certain letter clusters are
easier to use to recognize new words, namely, those related to
the rime patterns of words. There is a developmental pattern to
which letter clusters are used to read “by analogy” (Goswami,
in press).

Print Exposure. Stanovichand his colleagues (Stanovich & West,
1989; Cunningham & Stanovich, 1990) have demonstrated how,
controlling for phonological decoding skill, measures of print
exposure, presumably reflecting “out of school” reading
experience, have an important and specific impact upon the
orthographic knowledge of several samples of adults and
children. Those who read more have greater knowledge of
orthographic patterns, such that they can very quickly
discriminate real words from sound-alike nonword foils, or
homonym foils. Manis (1993) also showed that accuracy in
choosing correct orthographic patterns either from nonword or
homonym foils, was related to word identification skill both
among reading disabled (RD) children, and among their
chronological age (CA) controls, even after controlling variance
in phonemic skill. Print exposure measures contributed
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variance to word identification, overlapping slightly more with
orthographic than phonological measures. Although the RD
children’s orthographic skills increased relatively more than
their phonological skills during a one-year period, their
orthographic skills increased less during that period than did
the skills of their reading level controls.

Differential Effects of Practice on Orthographic Knowledge.
Research suggests that practice or print exposure does not have
equal effects on the orthographic skill of all readers. Reitsma
(1983) observed the effects of practice in identifying a new word
on the orthographic knowledge gained about that word by
young beginning readers and older reading disabled children.
The design of the study was complex; for simplicity, we will
describe only part of it. The disabled and normal readers were
matched in reading skill despite their age differences. If
amount of practice led to different effects on letter pattern
knowledge for these groups, some undefined factor associated
with reading disabled status must moderate the effect of
practice. Over two days, children practiced reading 12 words,
unfamiliar in written form, in short sentences, reading some of
the words 2 times, some 4 times, and some 6 times. Three days
later, Reitsma presented to them on computer screens, in mixed
order, both the practiced words and nonwords pronounced like
these words, and measured the time to begin naming both
types of targets. The beginning readers’ time to name the
words previously practiced four or more times was
significantly faster than the time to name their paired nonword;
for the dyslexic children, there was no difference between the speed
of practiced words and unpracticed nonwords even after six practices.
He concluded that unlike the normal readers, the reading
disabled children had failed to make any progress in
representing these new words orthographically. Reitsma (1989)
replicated these results using even more extensive practice.
Although he speculated that it was the poorer phonological
skills of the dyslexics that kept them from making orthographic
progress, his particular measure of phonological awareness
(nonword repetition) was correlated with growth of the
orthographic route only minimally.

Similar results were found in studies comparing disabled
readers with their CA controls. Ehri and Wilce (1983) and Manis
(1985) demonstrated the differential effects of practice on
reading speed for reading disabled vs. normally reading
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children. Ehri and Wilce (1983) had reading disabled and
normally achieving readers practice words and nonwords up to
18 times. They wished to learn the course of progress toward
unitization of targets in the two groups, that is, the degree to
which practiced items would be pronounced as fast as simple
digits. Results indicated that unlike normally achieving
children, disabled readers did not unitize their recognition of
any practiced word or nonword. Manis (1985) showed that the
differential effects of practice were most evident for words of
certain types. The reading disabled children showed much
slower and less effective learning as a result of practice with
complex regular words and exception words than with simpler
regular words, while the normally achieving children readily
learned to read all types of words.

Reitsma (1984; 1989) also explored phonological
concomitants of differential rates of growth in orthography.
Normal beginning readers showed a shift in their use of
phonemic cues with practice of particular orthographic
patterns. Deciding whether a practiced word was in a
particular category or not (e.g., Is it an animal?) was facilitated
by prior presentation of a speech sound similar vs. dissimilar to
the last part of the word only for briefly practiced words. (An
English language example is that /ni/ would prime “bunny.”)
Four or more practices made the priming sound irrelevant to
performance. This finding was not true for older disabled
readers matched with the beginning readers on reading age
(RA) for whom the priming sound cue was always facilitative,
even after 18 practices. Thus the practice-induced shift from
relatively stronger reliance on phonemic codes toward reliance
on orthographic codes, was much more pronounced for normal
readers. Manis et al. (1990) also showed that most dyslexics
showed a normal regularity effect, despite poorer phonological
decoding ability than normally achieving children. Thus they
continued to rely on phonological information despite less
accurate phonemic knowledge, perhaps because they could not
rely on good orthographic memory for words. This
interpretation is bolstered by the data from a subgroup of
dyslexics who had special difficulties using orthographic
information. Despite their weaker phonological skills than CA
controls, they tended to have a greater regularity effect than the
other dyslexics or normally achieving children. It appeared
these children compensated somewhat for their poor
orthographic knowledge by heavier than normal reliance on
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whatever phonological knowledge they possessed. The pattern
seems similar to Reitsma's finding that dyslexics continued to
rely on phonemic cues long after RA matched younger readers
no longer used them.

Letter-Cluster Orthographic Codes. Another study that caught our
attention was reported by Berninger (1987). She suggested that
the letter cluster was an insufficiently studied type of
orthographic unit. Most researchers discussed only
orthographic representation of whole words. Berninger
showed that a kindergarten or first grade (Berninger, 1987) or
first, second, or third grade (Berninger et al., 1991) child’s
ability to detect whether a letter cluster was present or absent in
a given word was a good predictor of reading ability. Likewise,
reproduction of letter clusters in a word was a good predictor
of nonword reading in fourth, fifth, and sixth graders
(Berninger, Cartwright, Yates, Swanson, & Abbott, in press).
For example, Berninger et al. (1991) showed the children a word
for one second (e.g., “clock”), and then a letter cluster actually
in the word (“cl”) or a letter cluster that had not appeared in the
word, “co.” Recognition memory for the cluster was associated
with more proficient reading. She argued that skill in
recognizing subword orthographic patterns could help identify
nonwords as well as words.

A more extensive literature on subword letter clusters exists
for older children and adults. For example, Frederiksen (1981)
explored the facility of high school students with differing
reading ability for reporting more vs. less frequent bigrams
presented both in isolation and in words, pseudowords, and
nonwords. The less skilled readers were slower to recognize
bigrams overall, but were also more affected by the frequency
of bigrams, taking longer to report less frequent ones, while
frequency did not affect high skilled readers. High skilled
readers were also better able to make use of more familiar
orthographic patterns in decoding pseudowords than were
lower skilled readers. It appeared that the less skilled readers
needed to decode pseudowords letter by letter, unlike the more
skilled who could use multiletter orthographic units.

Reading by Analogy. Goswami’s research (eg., Goswami, 1991;
Goswami, in press) suggests that normal beginning readers
learn letter clusters corresponding to the rhyming part of a
word more easily than other clusters. Thus, if they are taught to
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read “peak,” they may be able to read by analogy “beak,”
without direct instruction, since they share the same rime
pattern. They may not be able to read “bean,” even though
beak and bean share the same series of letters, since the rime
differs. As children gained more experience with print, they
used knowledge of other parts of the word to read new words
by analogy rather than by a strictly “sounding out graphemes”
route.

Is reading by orthographic analogy also seen in dyslexics?
Lovett, Warren-Chaplin, Ransby, and Borden (1990) found that
even when extensive practice with particular words resulted in
severely dyslexic children learning those patterns, the children
did not transfer their knowledge to new words. Thus, even
learning “part” did not result in learning “cart,” suggesting that
the induction of orthographic subword patterns, in a form
suitable for transfer, did not occur automatically for these
children. Lemoine, Levy, and Hutchinson (1993) reported
similar results. Their study showed that poor readers could
retain speed gains for overlearned words and located the effects
of extensive whole word practice in the direct visual route
rather than in the more efficient use of rime segments to
assemble phonology.

Here we summarize what these and other studies tell us
about orthographic skill development. One index of
orthographic knowledge is how quickly a word is recognized
compared to a nonword foil, since the word is directly
remembered rather than sounded out. Secondly, orthographic
skill is affected by practice or experience, but this effect
interacts with whether a child is a normal beginning reader or a
reading disabled child, even when the latter child is older and
matched on reading skill. Thirdly, subword as well as word
units are represented orthographically, presumably on the basis
of these units having been seen together often and because they
correspond to a sound pattern the child can easily discriminate.
Yet severely reading disabled children, unlike normal
beginners, do not spontaneously use orthographic analogies to
read even new words that share a rime pattern.

Role of Rapid Naming in Gaining Orthographic Knowledge
Measures of naming speed have rarely been used in

investigations of orthography. (However, see Olson et al,, this
volume.) In our data, the pattern of relationships of naming
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speed to reading measures was very similar to that of
orthographic skill and reading. In fact, Barker et al.’s (1992)
study of Grade 3 children’s orthographic skill as measured by
lexical decision, showed a pattern of relationships to various
reading skills remarkably similar to that between digit naming
speed and reading in the Bowers’ (1994) study. Thus,
independent of phoneme deletion skill, lexical decision in the
Barker et al. study and naming speed in the Bowers’ study were
strongly related to speed of reading, especially of connected
text, and less strongly to accuracy of word and nonword
reading. Furthermore, Bowers (1994) demonstrated that
naming speed is related to gaining speed after practice
rereading text, even when level of reading skill is controlled, a
finding analogous to that of Reitsma (1983).

Moderating the Effects of Practice. To test the hypothesis that the
similarity in pattern of correlation was more than coincidental,
several studies were conducted using digit naming speed and
phoneme deletion to predict the effects of practice. Kennedy
and Bowers (1991) studied the effect of 10 practices on latency
to identify regular and exception words and nonwords. Using
18 very easy targets and analyzing data only for items which
the children identified on first exposure, children categorized as
poor, average and above average readers in Grades 2 and 3
practiced items in mixed order ten times. For Grade 2 children,
naming speed not only correlated with initial latency to
pronounce targets, but also predicted gains in reading latency,
even controlling for both initial latency and phoneme deletion
scores. The results were not replicated in the Grade 3 sample,
perhaps because the targets were too simple for this group of
children. This pattern of results suggested to us that processes
tapped by naming speed moderated the effectiveness of each
practice in moving a child along a dimension of reading from
low to high dependence on orthographic coding processes, a
dimension which at the “high” end is represented by “sight”
words and an autonomous lexicon.

Letter Cluster Codes. Recently, Golden and Bowers (1993) have
focussed upon the letter cluster identification skill of children.
The orthographic redundancy model of Adams (1981) has
guided our thinking in this area. Based on exposure to English
text, normally achieving readers begin to recognize letters no
longer as independent units, but as units of letter patterns. The
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strength with which various letters are associated with one
another is dependent upon the frequency with which these
letters have co-occurred in the individual’s own reading
exi)erience. Letters that have been seen together in print often
will tend to facilitate each other’s recognition. The greater the
history of co-occurrence, the greater the facilitation.
Conversely, letters that have infrequently co-occurred in text,
will tend to inhibit or slow each other’s recognition. The
greater the rarity of the co-occurrence, the greater the degree of
inhibition (Adams, 1981; 1990; Seidenberg & McClelland, 1989).
For example, the perception of d might be slightly inhibited
following z, while the perception of u might be slightly
facilitated following q, for a person who has been exposed to a
sufficient number of real words. To explore the idea that even
in the early grades, naming speed differences between readers
are associated with the formation and use of orthographic
codes, the tests of multiple orthographic codes designed by
Berninger et al. (1991) were employed. Each of 43 children from
Grades 1, 2, and 3 (unselected for reading ability) was
administered three orthographic coding tasks. Each of the three
tasks began with the presentation of a whole word for one
second. What differed by coding task condition was the type of
stimulus which followed: whole word, single letter, or letter-
cluster. Within each task, each word was paired with both a
subsequent stimulus that was “correct” and a reasonably
similar “foil.” The child’s task was to indicate by a “yes” or
“no” response whether the word, letter, or letter cluster
presented was identical to or contained in the word seen
previously.

Consistent with the theory that recognition of letter patterns is
an important correlate of skilled reading, only individual
differences in accuracy of letter-cluster performance accounted
for significant variance in standardized reading measures for
Grades 2 and 3, even controlling for age and its associated
difference in reading experience. (In Grade 1, only detecting a
letter in a word correlated with reading.) The question of
course is what accounts for one child’s ability to detect clusters
better than another. A child’s ability to rapidly name digits on
the R.A.N. was significantly correlated with both reading skill
and letter-cluster recognition. Individual differences in R.A.N.
added no unique variance to reading after controlling for the
significant contribution of letter cluster performance. The
extremely high correlation between letter and digit naming
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speed in previous research (.9 in each grade of Bowers’, 1994,
longitudinal study) suggests the interpretation that skillful
readers become quick and accurate in recognizing individual
letters before being able to respond to letter clusters in words.
We speculate that if a beginning reader is slow in identifying
individual letters (as indexed by rapid naming tests), then
single letters in a word will not be activated in sufficiently close
temporal proximity to allow the child to become sensitive to
letter patterns that frequently co-occur in print (Adams, 1990).
Conversely, being able to quickly ident<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>