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ABSTRACT

This study investigated the cognitive, linguistic, and reading skills of 79 Russian-
speaking first and second graders to determine the strongest concurrent predictors
of reading achievement. The children were administered a battery of 15 tests from
which nine objective, interval-scale measures were derived: phonological
awareness, verbal short-term memory, decoding accuracy, listening comprehension,
reading comprehension, nonverbal ability (IQ), vocabulary, decoding rate, and
rapid naming. In a series of multiple regression analyses, phonological awareness
accounted for a small amount of unique variance in both decoding accuracy and
decoding rate whereas rapid naming was a unique predictor of decoding rate only.
Neither verbal short-term memory nor IQ accounted for any variance in decoding.
For reading comprehension, 1Q and linguistic comprehension contributed a
substantial amount of variance to the prediction of achievement whereas decoding
rate did not. However, in a series of direct discriminant function analyses, reliable
differences emerged between good and poor decoders on reading comprehension,
indicating that decoding is relevant to reading comprehension in young Russian
readers. The good and poor readers also differed reliably on phonological
awareness, vocabulary, IQ, and listening comprehension. Taken together, the
findings indicate that the cognitive operations that drive the development of reading
in the Russian language share many similarities with those in other languages
including English. However, they also indicate some important characteristics of

Russian reading that make it distinct from reading in other languages. These
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characteristics concern the relative weight of cognitive abilities in determining
reading achievement, the manifestations of reading disability, and the reading
strategies that Russian children appear to adopt for word recognition and may
reflect the effect of the largely transparent Russian orthography. These findings
converge with those obtained in other languages and suggest that reading in all
alphabetic languages may be characterized by universal as well as language-
specific aspects. This study also investigated the structure of phonological
awareness in the Russian language, revealing, through Rasch analysis, that this
ability is best conceptualized as a unidimensional ability that can be measured by a

variety of tasks.
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CHAPTER 1

INTRODUCTION

The Background of the Issue

Reading is a complex cognitive activity that draws upon the reader’s ability
to process and integrate phonological, orthographic, and semantic information
(Adams, 1990; Ehri, 2002; Knight & Hynd, 2002). Fluent reading relies on two
processes, word recognition and meaning comprehension, which must operate in
unison (Ehri, 1995, 2002). These two processes can be clearly differentiated, and
they appear to draw upon somewhat different cognitive abilities (de Jong & van der
Leij, 2002). Yet, they are also closely related as there is a strong and positive
connection between the efficiency of word recognition and the accuracy of reading
comprehension (Stanovich, Cunningham, & Freeman, 1984; Tunmer, Herriman, &
Nesdale, 1988). Whether this connection is causal (e.g., de Jong & van der Leij) or
merely correlational remains to be seen; what is clear at this time is that the ability
to read and comprehend depends upon the rapid and automatic recognition of
single words. This process is seen as central in many theoretical accounts of fluent
reading development (Ehri, 1995; Snowling, 2000).

From a cognitive, behavioral, and neurobiological view, the process of word
recognition exhibits striking similarities across alphabetic languages: It involves
similar cognitive and metalinguistic mechanisms (Frost, 1998; Goswami, 2000;

Perfetti, 2003; Seidenberg, 1992); it depends on the use of a limited number of
1



orthography-to-phonology translation strategies (Ehri, 2002); and it relies on a
common network of primarily left-sided language areas of the brain (Paulesu,
McCrory, Fazio, Memoncello, Brunswick, Cappa, et al., 2000). Moreover, a body
of evidence is accumulating suggesting that the acquisition of reading skills in
different languages is based on similar cognitive principles and involves similar
mechanisms, although there are important language-specific influences as well
(Frost, 1998; Pugh, Sandak, Frost, Moore, & Mencl, 2005). The similarities exist
because word recognition in alphabetic languages is essentially phonological (Ehri,
1995; Ziegler & Goswami, 2006), and it depends on the mastery of an “arbitrary
code of conventions” (Turner, 1997, p. 16) used by a given culture to represent
speech through visual symbols. To become literate, therefore, children must learn
to map these visual symbols (or graphemes) onto units of sound (or phonemes), a

process called phonological recoding' (Share, 1995).

'In the reading literature, several terms have been used to describe the
process of converting printed letter strings into speech-based information including
phonological coding, phonological recoding, and decoding. These terms are often
used interchangeably but may also be interpreted somewhat differently depending
on the context. In the present study, the term phonological recoding is used to
denote the process by which speech-based information is derived from visual
symbols and it is reserved to the discussion of the theoretical accounts of reading
and reading development, where it is contrasted with visual-orthographic
processing. The term decoding, on the other hand, is used as an umbrella term to
refer to a group of processes by which readers achieve word recognition including
the process of grapheme-phoneme decoding, or transforming letters into sounds
and blending the sounds to form words, and the process of reading by analogy, or
generating new-word pronunciations from stored pronunciations of
orthographically similar words.



Yet, at all three levels—the cognitive, the behavioral, and the
neurobiological—there appear to be important differences in the way readers of
different languages process print. These differences manifest themselves in the
patterns of brain activation during reading (Fiez, 2000; Paulesu et al., 2000), in the
choice of specific reading strategies (Ziegler & Goswami, 2006; Ziegler, Perry,
Jacobs, & Braun, 2001), as well as in the relative weight accorded to a particular
mechanism or process in a given language (see Frost & Katz, 1992, for a review).
Whether these differences are a matter of degree or of kind is still being debated;
what appears unequivocal is that they are a result of the core characteristics of the
spoken and written language in use.

Languages vary along several important dimensions including
phonological, morphological, and syntactic. More important, languages vary in
orthographic depth, or the consistency with which they use letter symbols to
represent individual phonemes. In some orthographies, one letter can have several
pronunciations, whereas in others, individual letters or letter clusters are always
pronounced in the same way. Similarly, in some orthographies, one phoneme or
phoneme cluster can be spelled in many different ways, whereas in others, a
phoneme is always represented by the same grapheme. These differences become
crucial when children begin learning to read.

Three major conclusions can be drawn from the findings of cross-linguistic
research on reading development in alphabetic languages. First, there appears to be

a strong connection between the degree of orthographic consistency of a given



language and the ease of reading acquisition in that language: Children learning to
read a consistent orthography acquire the grapheme-phoneme conversion rules
needed for fluent reading much more quickly than do children learning to read an
inconsistent orthography (Aro & Wimmer, 2003; Seymour, Aro, & Erskine, 2003).
For example, in English, one of the most orthographically inconsistent alphabetic
languages, the rate of reading development is more than twice as slow as in
consistent orthographies such as German, Greek, or Italian (Seymour et al., 2003).
Second, recent cross-linguistic comparisons indicate that the very nature of
word reading may be different in consistent versus inconsistent orthographies. For
example, recent experiments conducted by Ziegler and his colleagues (Goswami,
Ziegler, Dalton, & Schneider, 2003; Ziegler et al., 2001) in English and German as
well as studies on the use of specific strategies in reading English and other
languages (e.g., Goswami, 1988; Holopainen, Ahonen, & Lyytinen, 2002) suggest
that the significant differences in reading performance observed across languages
are a result of the differences in the reading strategies employed by readers in
different orthographies. To explain these cross-linguistic differences, Ziegler and
Goswami (2005) proposed a framework that they called a psycholinguistic grain-
size theory. According to this theory, children learning to read a consistent
orthography rely almost exclusively on grapheme-phoneme decoding, whereas
children learning to read an inconsistent orthography have to supplement
grapheme-phoneme decoding with rhyme and whole-word reading strategies in

order to cope with orthographic inconsistency. Ziegler and Goswami have argued



that the reading system develops differentially in different languages in response to
the demands of the particular orthography.

Third, language-specific properties appear to determine not only the course
of reading development but also the manifestations of difficulty in readers with
specific reading disability, or dyslexia. It has been shown that orthographically
inconsistent languages impose a much greater difficulty on dyslexic readers than do
orthographically consistent languages (see Goulandris, 2003b, for a review).
Moreover, the patterns of difficulty exhibited by dyslexic readers in inconsistent
orthographies appear to be qualitatively different from the patterns exhibited by
such readers in consistent orthographies. Numerous studies have shown that in
inconsistent orthographies such as English, dyslexia typically presents as a reading
accuracy impairment, with accuracy being “at the heart of the matter for most
dyslexia assessments” (Turner, 1997, p. 109; see also Snowling, 2000, for a
summary of dyslexia research in English), whereas in consistent orthographies,
such as German or Greek, dyslexia is characterized primarily by slow, dysfluent,
and effortful reading (Landerl, 2001; Nikolopoulos, Goulandris, & Snowling, 2003;
Wimmer, 1996). Other linguistic features such as morphology and syntax may also
influence the types of problems encountered by dyslexic readers and the extent to
which these problems may interfere with reading performance (e.g., Abu-Rabia,
2004; Gyarmathy, 2004; Leong, 1999; Share & Leikin, 2004; Smythe & Everatt,

2000).



Given the cross-linguistic variation in the development of skilled reading as
well as the varying patterns of difficulty associated with reading development in
different languages, it is perhaps unsurprising that the relative importance of
cognitive abilities that have been implicated in reading development varies greatly
across languages. For example, phonological awareness, or the sensitivity for
speech sounds in spoken words, has been shown to be a strong and reliable
predictor of reading attainment in English across school grades (see Goswami,
2000, 2002, Snowling, 2000; Ziegler & Goswami, 2005, for reviews); however, its
predictive relation to reading in other languages is weaker than that of other
abilities (Holopainen, Ahonen, & Lyytinen, 2001; Wimmer, Mayringer, & Landerl,
2000) or is limited to a short period (de Jong & van der Leij, 2002; Frost,
Madsbjerg, Niedersoe, Olofsson, & Sorensen, 2005).

Similarly, the specific tasks that predict reading disability or that
discriminate between good and poor readers most reliably vary across
orthographies (Everatt, Smythe, Adams, & Ocampo, 2000; Everatt, Smythe,
Ocampo, & Gyarmathy, 2004), and tasks designed for one language may not be
sufficiently sensitive or otherwise appropriate for other languages (Nikolopoulos et
al., 2003; see Smythe et al., 2004, for a review). These findings have prompted
some researchers to conclude that it is difficult to generalize reading assessment
procedures from one linguistic context to another.

The ability to recognize words fluently, however, is only half of the

“reading equation”; the other half is the ability to comprehend the meaning of print.



According to one influential view of reading, the Simple View (Gough & Tunmer,
1986; Hoover & Gough, 1990), reading comprehension can be described by the
relationship between word decoding and linguistic comprehension.” The predictive
validity of this relationship has been demonstrated in a number of languages
including English (Joshi & Aaron), Dutch (de Jong & van der Leij, 2002), and
French (Megherbi, Seigneuric, & Ehrlich, 2006). However, there is growing
evidence that the linguistic features of a language may affect the relative weight of
decoding versus linguistic comprehension in determining reading comprehension.
For example, in English, reading comprehension in beginning readers has been
found to be more closely associated with decoding than with linguistic
comprehension (e.g., Hoover & Gough; Shankweiler et al., 1999), whereas in
French (Megherbi et al., 2006), the opposite relationship has been observed.
Orthographic complexity also affects the strength of the relationship
between reading speed and reading comprehension. In a cross-linguistic
comparison, Oney and Goldman (1984) found that Turkish children showed
stronger and more stable correlations between the speed of word reading and the
accuracy of passage comprehension than did American children of similar age and

ability. The authors argued that for languages with a higher degree of letter-sound

? Linguistic comprehension is sometimes referred to in the literature as oral
language comprehension. Both listening comprehension and vocabulary tests have
been used, sometimes separately and sometimes as a composite measure, to assess
linguistic comprehension.



correspondence, greater automaticity with decoding is associated with better
comprehension. This may be because in such languages, decoding accuracy is
attained quite rapidly after the onset of reading instruction (Seymour et al., 2003)
and reading speed remains the only useful criterion in differentiating good from

poor readers.

The Research Problem

The above discussion suggests that despite the commonalities in the basic
psychological operations applied in oral reading in all languages (Besner & Smith,
1992; Seidenberg, 1992), there are important orthography-specific aspects of
reading and reading acquisition that make it difficult to generalize models of skilled
as well as impaired reading across languages. This is an important point because
most current theoretical accounts of reading and reading acquisition have been
developed for English. Yet it appears that learning to read English is not only
disproportionately harder than learning to read more consistent orthographies like
German, Greek, or Italian but also, possibly, qualitatively different (Ziegler et al.,
2003). Many manifestations of cognitive deficits associated with reading disability
also appear to be language-specific (see Goulandris, 2003a, 2003b, for a review),
and no universal profile of dyslexia has so far been described.

Under these circumstances, language-specific models of reading and
reading disability become all the more important, both for the advancement of

reading theory and for practical considerations, including the development of



appropriate reading tests and dyslexia screening instruments. However, although
research on reading in non-English languages has intensified considerably in the
past decade, there are still many languages that have not been studied
systematically. Russian is one such language. This is regrettable because Russian is
the mother tongue for some 270 million people (Crystal, 1992) and the language of
instruction or the preferred language of communication for millions more. How do
Russian children learn to read? Is this process similar to that in English? What
cognitive abilities are most closely associated with the development of both word
decoding and reading comprehension in Russian and what measures best
discriminate between good and poor readers? This study attempts to answer these

and related questions.

Purposes of the Study
The first purpose of this study is to explore concurrent predictors of reading in
Russian-speaking beginning readers. Specifically, I wish to explore the relative
influence of phonological awareness, verbal short-term memory, and rapid naming
in the prediction of decoding accuracy and decoding speed in Russian in order to
identify the strongest independent predictors and to determine to what extent
measures developed for other languages can also be applied to Russian. A second
purpose is to examine the structure of phonological awareness in the Russian
language in order to determine whether linguistically and cognitively diverse tasks

form a single variable. A third purpose is to explore the relative influence of



nonverbal ability, linguistic comprehension (i.e., listening comprehension and
vocabulary), and decoding skill on reading comprehension in order to test the
predictive power of the Simple View of reading in Russian. The final purpose is to
examine the cognitive and linguistic skills of good and poor readers of Russian in
order to determine their relative strengths and weaknesses and to attempt to
identify, among the poor readers, children who may be suffering from specific

reading disability, or dyslexia.

Significance of the Study
This study is the first attempt to explore the process of normal reading development
in the Russian language systematically in order to identify its similarities to, and
differences from, the process of reading development in other languages,
particularly in English, and place Russian reading acquisition within the framework
of existing theories of reading and cross-linguistic reading research. As such, this
study adds to the scholarly literature on reading development in different
orthographies. Furthermore, by benchmarking the course of normal reading
development in the Russian language, this study contributes to the development of
culture- and language-appropriate tools for evaluating reading achievement and for
identifying children in Russian schools who are at risk for reading failure so that
appropriate intervention and remediation strategies can be developed. This study
also attempts to clarify the main sources of difference between good and poor

readers and to examine the cognitive and reading profile of children who may be

10



classified as dyslexic. The particular strength of this study is in the use of truly
objective measures of cognitive, linguistic, and reading ability derived from the

Rasch measurement model.

The Audience for the Study
The audience for this study includes researchers who are interested in exploring the
theoretical aspects of cross-linguistic reading acquisition and especially the effect
of orthography on reading development; elementary school teachers who teach
literacy skills; school psychologists who test children entering elementary school;
test developers who are interested in constructing culture-appropriate tests to
measure various cognitive and linguistic abilities in Russian children; writers of
Russian language and Reading textbooks; and school administrators and
educational policy-makers who are interested in improving literacy instruction as

well as testing in Russian schools.

Delimitations
The focus of this study is on the cognitive and behavioral aspects of reading
and reading development. More specifically, in investigating word reading, I focus
on the phonological, processing speed, and memory aspects of decoding and do not
investigate motor or sensory (e.g., visual/auditory) dimensions. In investigating
reading comprehension, I focus on vocabulary knowledge, listening comprehension,

and decoding automaticity and do not examine other possibly important factors
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such as metacognition or the role of context. Further, I focus on the concurrent
predictors of reading acquisition, which may differ from those that predict reading
achievement longitudinally.

The investigation of the behavioral aspects of reading is limited to cultural-
linguistic factors, primarily orthography, and does not consider such potentially
important environmental factors as the learning context, the social setting, and the
educational authority. The focus of the study is on unselected native Russian-
speaking elementary school children who are learning to read in their native

language.
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CHAPTER 2

REVIEW OF THE LITERATURE

Reading in Alphabetic Languages
The Phonological Nature of Reading

The goal of reading is to extract meaning from printed text. To be
successful, the reader must first retrieve the meaning of each individual word he or
she encounters, put the meanings of these words together, and interpret the whole
phrase within the context of the sentence, paragraph, and the overall understanding
of the text (Adams, 1990). At the very bottom of this process lies fluent and
automatic word recognition.

Skilled readers read at a rate of 250 words per minute, or four words per
second (Aaron & Joshi, 1992), and they appear to recognize the majority of words
that they read holistically, by sight. Yet, eye movement studies (see summaries in
Aaron & Joshi, 1992, and Adams, 1990) indicate that skilled reading involves the
relatively complete processing of the individual letters of words as even very slight
misspellings create apparent disruptions in normal readers’ eye movements. So
how can readers read as fast as 250 words per minute and still process each
individual letter? To answer this question, it is important to examine what happens
in normal reading.

A widely held view (e.g., Adams, 1990) is that skilled word recognition

involves three components: orthographic processing, phonological processing, and
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lexical processing. The thousands of words that mature readers have in their mental
lexicons are represented in terms of their orthographic, phonological, and lexical
properties. To recognize these words, readers must identify their orthographic
patterns, compute their phonological codes, and retrieve their meaning from long-
term memory. This process is shown schematically in Figure 1 (modified from
Adams, 1990). The three processors shown in the figure are not independent--they
work together on the same operation, guiding and facilitating the work of each

other. Together, these processors form the reading system.

Lexical
processor

Phonological
processor

Orthographic
processor

PRINT SPEECH

Figure 1. A framework of lexical processing in alphabetic languages.

In alphabetic orthographies, this system assumes the existence of two

pathways to meaning—a direct orthographic pathway and a phonologically
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mediated pathway. Just how prevalent one of these pathways is relative to the other
is an open question. According to the traditional, dual-route, conception of reading
(e.g., Coltheart, Rastle, Perry, Langdon, & Ziegler, 2001; Paap, Noel, & Johansen,
1992; Seidenberg, 1992), word frequency is the primary factor that determines
whether a word is recognized on a visual-orthographic or phonologically mediated
basis: Familiar words are processed visually whereas unfamiliar words require the
assembly of a phonological code based on the reader’s knowledge of sound-
spelling correspondences. Implicit in this conception is the superiority of the
visual-orthographic strategy, which enables readers to recognize words rapidly and
automatically by sight.

Although the exact mechanism of sight word reading is not fully
understood, some theorists (Ehri, 1995; 2002) have argued that readers learn sight
words by forming connections between graphemes in the spellings and phonemes
in the pronunciations of individual words, which link written words to their
pronunciations and meanings in memory. When readers see words whose
orthographic and phonological information they have stored in their mental
lexicons, the shape of these words activates their pronunciation and meaning and
enables their recognition as holistic patterns, without the need for letter-to-sound
transformation. Evidence to support sight word reading comes from experimental
observations showing that children can read familiar words such as book much

faster than they can read simple nonwords such as mig (e.g., Ehri & Wilce, 1983).
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Other theorists working in the area of reading research have argued,
however, that the phonological structure of a word is the main link to the word’s
meaning and that meaning retrieval without phonology is impossible. For example,
Frost (1998) describes a phonological model of reading in which the default
operation of the cognitive system in word recognition is the prelexical assembly of
phonology. According to Frost, access to a phonological representation always
precedes meaning retrieval, and orthography affects semantic comprehension
through phonological processing, not directly. Theoretically, this argument rests on
an observation that all writing systems are phonological in nature and their primary
purpose is to represent spoken language (Perfetti, 2003). In this view, the
phonological code of a word is computed by the cognitive system automatically
upon the visual presentation of a word.

This position has received considerable empirical support. Numerous
experiments have shown that the use of phonology in word identification is a
fundamental, and perhaps an automatic component of skilled reading: It is observed
in reading aloud, in silent reading, and even in reading tasks in which it hinders
performance (Lukatela & Turvey, 1994; Perfetti, Bell, & Delaney, 1988; Tzelgov,
Henik, Sneg, & Baruch, 1996; Van Orden, Johnston, & Hale, 1988; see also Frost,
1998, for a review of the experimental paradigms used to investigate the use of
phonology in reading). For example, the work of Van Orden and his colleagues
using semantic categorization tasks suggests that word recognition proceeds “from

spelling to sound to meaning” (Van Orden, Johnston, & Hale, p. 371) and that
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meaning activation is always phonological. In their experiments, participants were
asked to categorize words and nonwords, some of which were homophonic to
category exemplars (e.g., hare as a part of the human body) while others looked
similar in spelling (e.g., harp). The researchers found that the homophones
produced far more false positive categorizations than did the spelling controls.
They interpreted this result as evidence for the obligatory involvement of
phonology in meaning activation.

Automatic phonological activation in word recognition has been observed
in languages other than English, for example, in Hebrew (Frost & Kampf, 1993),
Arabic (Bentin & Ibrahim, 1996), and Chinese (Perfetti & Zhang, 1991, 1995).
These findings have led some researchers (e.g., Frost, 1998) to conclude that
phonological activation in reading for meaning occurs in all languages, irrespective
of their linguistic properties, and that it is a universal feature of reading.
Furthermore, recent research has demonstrated the crucial importance of
phonological recoding to the early stages of reading acquisition in virtually all

orthographies in which reading development has been studied (see below).

Learning to Read
Several stage-based models have been proposed to describe reading
development in alphabetic languages (e.g., Ehri, 1995; Frith, 1985). In the main,
these models assume a developmental shift from the use of phonological recoding

in the early stages to the use of direct orthographic processing once reading
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proficiency has been attained. For example, in Ehri’s model, reading acquisition
begins as a non-alphabetic process in which pre-readers establish connections
between certain visual cues (such as the golden arches behind the “McDonalds”
sign) and whole words. As children learn how letters in written words represent
sounds in their pronunciations, reading acquisition changes into an alphabetic
process, involving establishing connections, through phonological recoding,
between letters and sounds (Ehri & Wilce, 1985). At first, these connections link
only the most salient letters to sounds; later, as learners acquire greater alphabetic
knowledge—typically as a result of print experience—these connections become
more fine-grained. Spelling patterns that recur regularly in different words become
consolidated into multi-letter patterns symbolizing phonological blends. These
patterns accumulate in memory and form the reader’s generalized knowledge of the
spelling system, which facilitates the learning of new words by sight.

The problem with stage-based models, however, is that they do not fit well
with experimental evidence demonstrating that beginning and skilled readers alike
can and do use both direct orthographic and phonological recoding strategies in
word recognition (Martin, Claydon, Morton, Binns, & Pratt, 2003) and that even
beginning readers can read simple words by sight (Ehri & Wilce, 1983). Share
(1995) proposed an alternative model in which phonological recoding is not stage-
based but item-based—whether it is employed depends on the reader’s familiarity
with the encountered word. High-frequency words, which have been encountered

previously, can be recognized visually virtually from the onset of reading
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acquisition. In contrast, low-frequency words that are unfamiliar to the reader will
require the use of phonological recoding regardless of the reader’s skill level.
Because young readers are more likely to encounter many unfamiliar words, they
will rely on phonological recoding to a much greater extent than will skilled
readers.

In this “phonology by familiarity” (Share, 1995, p. 97) model, phonological
processing acts as a self-teaching device, enabling the child to acquire the detailed
orthographic representations necessary for fast and accurate word recognition. In
any given text, a majority of words is likely to be high-frequency and familiar to
the reader and will therefore be recognized visually. However, a small number of
low-frequency items will be unfamiliar and will require phonological recoding,
thereby providing opportunities for the reader to acquire the specific orthographic
representations of these words. Thus, within this model, phonological recoding
represents “the sine qua non of reading acquisition” (Share, p. 156) because it
affects the speed and quality with which orthographic representations are acquired.
In this model, the contribution of visual/orthographic factors to the acquisition of
fluent word recognition is secondary, and it is not equivalent to that of
phonological recoding, because “only phonology offers a functional self-teaching
mechanism” (p. 169). In a later study, Share (1999) tested this model in Hebrew
and found support for the self-teaching role of phonology in the acquisition of word

recognition skills. It is unclear, however, to what extent this model can be
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generalized to other orthographies, particularly those with more predictable sound-
to-spelling correspondences.

A third view of reading acquisition sees this process as a continuum in
which readers become increasingly more efficient in phonological recoding. Frost
(1998), for example, has argued that both beginning and skilled readers rely on
phonological recoding in reading and that the only difference between proficient
and less proficient readers is in the efficiency of this process. As Frost pointed out,
this course of development is consistent with cognitive models of general human
learning, in which extensive practice with a cognitive skill results in greater
efficiency rather than in a shift to a different routine.

Although interesting theoretically, the question of whether reading
acquisition can in fact be conceptualized as progressing from a greater reliance on
phonological recoding to a greater reliance on orthographic processing as the reader
becomes more competent or whether achieving reading fluency is a matter of
becoming more efficient at computing phonological codes goes beyond the scope
of this study. What is important and what appears to be widely acknowledged in the
reading literature is that phonological processing is routinely involved in reading
and that achieving reading proficiency depends heavily on the successful operation
of the phonological component. More important, previous research has stressed the
development of efficient access to phonological representations of words in fluent
reading in most languages studied so far (e.g., Goswami, 2000, 2002; see also

Goulandris, 2003b, for a review). These findings have prompted some researchers
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to suggest that the cognitive principles and operations underlying the development
of word recognition in reading are very similar in all orthographies (Besner &
Smith, 1992; Frost, 1998; Perfetti, 2003; Seidenberg, 1992). However, there also
appear to be important differences in how written languages are processed and
represented in the brain (Goswami et al., 2003; Ziegler et al., 2001), which may
significantly affect the course of reading development. These differences have been
attributed to the differences in linguistic features between languages, particularly to

the differences in orthography.

The Effect of Orthography on Reading

Orthography represents the spoken language. As such, it maps
systematically onto phonology rather than meaning (Perfetti, 2003). Yet the way
different orthographies represent the phonology of the spoken language varies
across languages. First, there are differences in the size of the basic speech unit
denoted by one written symbol (i.e., a phoneme in alphabetic languages, a character
in logographic languages, and a syllable in syllabaries). Second, there are
differences in syllabic complexity, which largely reflect the distinction between
Romance languages, having a predominance of open syllables and few consonant
clusters, and Germanic languages, having many closed syllables and complex
consonant clusters (Seymour et al., 2003). Alphabetic writing systems further differ
in the degree of reliability of grapheme-phoneme correspondence rules that

underpin the consistency of sound-letter mappings. The continuum ranges from
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perfectly consistent (also called shallow, regular, or transparent) orthographies in
which there is a one-to-one correspondence between letters and sounds (e.g.,
Finnish) to inconsistent (also called deep, irregular, or opaque) orthographies in
which there is a many-to-many correspondence between letters and sounds (e.g.,
English). In such orthographies, one letter or letter combination may have many
different pronunciations, and one sound or sound combination may be spelled in
many different ways. In English, for example, about 40 phonemes are transcribed
with a mere 26 letters; in contrast, in Russian, one grapheme corresponds (roughly)
to a single phoneme (Grigorenko, 2003). This variation has major consequences for
the reader.

Many studies have shown that in consistent orthographies such as German
or Finnish, even beginning readers rely almost exclusively on assembling word
pronunciations on-line, by direct phonological recoding (Frith, Wimmer, &
Landerl, 1998; Holopainen et al., 2002; Landerl, Wimmer, & Frith, 1997). In
contrast, readers in less consistent orthographies such as English or Hebrew have
been shown to rely on direct visual-orthographic strategies (Frost & Bentin, 1992)
or to supplement grapheme-phoneme decoding with other strategies such as
reading by analogy (Goswami, 1988).

Until recently, the most influential theory explaining this cross-language
variation has been the orthographic depth hypothesis (Katz & Frost, 1992), which
postulates that readers in consistent orthographies, where the mapping between

letters and sounds is unambiguous, will rely more on phonological recoding in
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reading, whereas readers in inconsistent orthographies will rely more on
orthographic processing. The strong form of this theory, which precludes the use of
visual-orthographic strategies in perfectly consistent orthographies, has been
falsified by evidence showing that phonological processing is routinely involved in
reading even the most inconsistent orthographies (e.g., see Katz & Frost, 1992, for
areview). However, the weak form, according to which both orthographic and
prelexically assembled phonological information can be used for lexical access but
the degree to which readers rely on one type of coding or the other depends on
orthographic consistency, appears to be plausible on rational grounds and
consistent with dual-route models of reading (see the previous section).

More recent evidence, however, suggests that orthography influences not so
much the relative contribution of phonology to reading as the very nature of the
phonological processes involved. Ziegler et al. (2001) compared the reading of
identical words and nonwords in English and German by skilled adult readers. The
researchers manipulated word length and body neighborhood (body-N), or the
number of words sharing the same orthographic rhyme with the target word (e.g.,
late, date, and fate are body-Ns of hate). They hypothesized that because of the
consistency of German orthography, the German readers would exhibit a stronger
word length effect (i.e., reading shorter items faster than longer ones) as a result of
letter-by-letter decoding. In contrast, the English readers would show a stronger
body-N effect (i.e., reading items with small body-Ns more slowly than items with

large body-Ns) as a result of reading by analogy to compensate for the
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inconsistency of the English spelling. This is exactly what they found. Their results
suggest that readers in consistent orthographies rely more on small-unit processing,
whereas readers in inconsistent orthographies prefer large-unit processing
strategies.

These results were replicated in a later study with English and German
children (Goswami et al., 2003). The researchers gave the children three lists of
nonwords: one containing familiar large-unit orthographic patterns that could be
read most successfully by applying a large-unit strategy (e.g., dake [cake, make]),
one containing unfamiliar large-unit orthographic patterns that could be read most
successfully by decoding (e.g., daik), and one containing both types of pattern.
They predicted that in reading the third list, German children would be able to rely
exclusively on decoding whereas English children would have to switch between
decoding and large-unit processing, thereby incurring a switching cost. This
prediction was confirmed.

Results such as these demonstrate that orthographic differences between
languages generate qualitatively distinct processing strategies for word recognition.
These differences are captured well in the psycholinguistic grain-size theory
(Ziegler & Goswami, 2005), which stipulates that the size of the psycholinguistic
units that develop for reading varies and depends on the linguistic features of a
given language (e.g., orthographic consistency). According to this theory, readers
in consistent orthographies can be very successful using only a small-unit

grapheme-phoneme decoding strategy because of orthographic consistency at the
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small grain size level, whereas readers in inconsistent languages have to rely on
several strategies for reading: a small-unit strategy to cope with the visual
complexity of large orthographic clusters, and a large-unit strategy to cope with the
grapheme-phoneme inconsistency.

Recent brain-imaging studies (e.g., Fiez, 2000; Paulesu et al., 2000) provide
additional evidence to support the above findings. These studies suggest that while
the organization of the brain architecture that supports reading appears to be similar
in speakers of different languages, the degree of activation of particular neural
networks in reading varies as a function of orthographic consistency. For example,
in a comparison of English and Italian readers, Paulesu and his colleagues observed
different patterns of brain activation: The Italian subjects showed greater activation
in areas associated with phoneme processing, whereas the English subjects showed
greater activation in areas associated with word retrieval and naming tasks. These
differences were attributed to the variation in processing demands associated with

the orthographic consistency of the writing system.

The Effect of Orthography on Learning to Read
In alphabetic languages, the relationship between the letters making up a
particular word and the word’s meaning is always arbitrary. In contrast, the
relationship between letters and sounds is systematic (Frost, 1998; Ziegler &
Goswami, 2005). In other words, knowing that a particular word contains certain

letters tells the reader nothing about its meaning; it does, however, enable the
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reader to access the pronunciation of the word. Learning how to read in an
alphabetic language, then, involves learning how the letters in printed words map
onto the sounds in spoken words, or establishing connections between written
language (orthography) and spoken language (phonology). Mastery of these
connections enables children to read the thousands of words already present in their
spoken lexicon.

Recent empirical research suggests that the ease with which children master
the connections between phonemes and graphemes differs across languages and
depends on the particular orthography to be learned. Seymour et al. (2003) reported
the results of a project conducted by scientists in 14 European countries in order to
compare the rates of acquisition of word recognition and decoding skill in children
after one year of reading instruction. Scientists participating in the project
developed a matched set of items that included simple familiar words to measure
word recognition and simple pronounceable nonwords to measure decoding ability.
They found that both the accuracy and speed of reading varied considerably among
orthographies as a function of orthographic consistency and, in the case of nonword
reading, of syllabic complexity. English turned out to be the hardest language to
learn, with an average accuracy rate of 34% for word reading and 29% for nonword
reading. The average accuracy for the other languages ranged from 98% (Finnish)
to 71% (Danish) for word reading and from 95% (Finnish) to 53% (Danish) for

nonword reading.
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The researchers also modeled, for the individual languages, a normal range
of reading development defined as plus or minus 1.75 SD from the mean. In most
cases, the normal range for the inconsistent orthographies overlapped the disability
range for the consistent orthographies, extending in some cases into the non-reader
zone. The researchers interpreted the greatest delay in reading acquisition observed
in English as indicative of a combined effect of its syllabic complexity and
orthographic inconsistency on reading development. They speculated that reading
acquisition in a consistent orthography may be based on a single decoding ability
whereas in an inconsistent orthography, it may require both decoding and visual-
orthographic processing. This division of processing resources, according to
Seymour and his colleagues, results in slower learning.

Similar results have been obtained in other studies involving cross-language
comparisons (e.g., Aro & Wimmer, 2003; Gholamain & Geva, 1999; Oney &
Goldman, 1984; Wimmer & Goswami, 1994; Wimmer & Hummer, 1990). These
studies have consistently shown that in consistent orthographies, children have little
problem translating letter strings—even unfamiliar ones—into pronunciations and
they quickly achieve reading fluency, whereas in inconsistent orthographies,
beginning readers often experience difficulty with fast and accurate word decoding,
and on average, take much longer to acquire orthographic-phonological relations.
Comparisons of error rates in nonword reading are particularly informative in this
respect: In English after one year of reading instruction, the mean error rate in

nonword reading tasks is around 40% (Jorm, Share, MacLean, & Matthews, 1984;
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Juel, Griffith, & Gough, 1986); in contrast, in German, the error rate for
comparable samples is around 10% (Frith et al., 1998; Wimmer & Hummer, 1990).

There are also qualitative differences in the process of reading acquisition in
consistent versus inconsistent orthographies, reflecting differences in the nature of
phonological recoding, as has been shown by Frith and her colleagues (1998). In a
longitudinal study of English and German children, the researchers examined word
and nonword reading in 7- to 12-year olds and found that the acquisition of
phonological recoding in English was not only much slower than in German but
also that it followed a qualitatively different path: The orthographic inconsistency
of English did not permit the online assembly of syllables and necessitated the use
of complex and error-prone strategies in word recognition, whereas the
orthographic consistency of German enabled efficient phonological recoding of
syllables online.

Additional evidence for the differential development of reading skills in
different orthographies comes from cross-language studies of children exhibiting a
significant discrepancy between their actual reading performance and that predicted
based on their general intellectual ability as reflected in their 1Q test scores. Such
children are believed to be suffering from dyslexia (see pp. 34-36). It has been
argued (e.g., Goulandris, 2003a; Nikolopoulos et al., 2003; Zeigler & Goswami,
2005) that the severity of reading impairment in dyslexic children depends on the
orthography a child has to master. In fact, even though dyslexics are almost always

impaired compared to their controls (e.g., Goulandris, 2003b), those reading a
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consistent orthography typically outperform those reading an inconsistent
orthography on a matched set of items (Landerl et al., 1997). For example, in
Landerl et al.’s study, the German dyslexics read difficult three-syllable words
more accurately than the English dyslexics read simple one-syllable words.

There are also qualitative differences in the way that dyslexia manifests
itself in different orthographies. In consistent orthographies, dyslexics typically
exhibit a marked speed deficit on reading tasks (Lyytinen, Aro, & Holopainen,
2004; Reitsma, 2004; Wimmer, 1996), whereas in inconsistent orthographies,
dyslexia can be diagnosed on the basis of accuracy problems alone (Snowling,
2000; Turner, 1997), although speed problems are also characteristic features of
this impairment. Furthermore, an accurate assessment of cognitive deficits
underlying dyslexia may require the use of more sensitive measures in consistent
orthographies than in inconsistent orthographies (Everatt et al., 2004; Nikolopoulos
et al., 2003), as tasks designed for inconsistent orthographies such as English may
be too easy for readers of more consistent orthographies. This finding in particular
has important implications for cross-linguistic reading research, as it suggests that
cognitive measures designed for assessing reading performance in one linguistic
environment (e.g., English) may not be appropriate in another (e.g., Russian).

In summary, the following conclusions can be drawn from the above
review. First, although there are universal aspects of reading that concern the basic
processing mechanisms, reading strategies that readers adopt for word recognition

appear to be language-specific rather than universal. Second, the process of reading
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acquisition in consistent orthographies appears to differ both quantitatively and
qualitatively from the same process in inconsistent orthographies. These
differences are evident in the rate of acquisition of grapheme-phoneme conversion
rules as well as in the strategies children develop for reading. In particular, the
decoding process, which is seen as central in theoretical accounts of reading
acquisition, develops more slowly and less effectively in English than in other
alphabetic languages and has to be supplemented by other strategies for fluent
reading. Third, reading problems appear to manifest themselves differently in
consistent versus inconsistent orthographies and detecting these problems calls for
the use of language-specific tests.

These conclusions warn against the uncritical adoption and use of reading
models and measures across different orthographies. If the reading system develops
differently in response to the orthographic features of the particular language, then
the reading models developed for English (e.g., dual-route models) may not be
appropriate for languages like Russian, in which grapheme-phoneme
correspondences are relatively straightforward and consistent. It is also possible
that the specific set of cognitive and linguistic abilities that correlate with reading,
the structure of these abilities, and their relative importance to reading development
will vary as a function of orthographic consistency. This possibility is of particular
concern given the enormous impact theoretical models of reading in English have

had on reading research in other languages.
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Russian Orthography

Russian is an Indo-European language that belongs to the Eastern Slavic
subgroup. It is written in the Cyrillic alphabet in which some letters are written and
pronounced approximately as in English (e.g., m, k), some are written as in English
but are pronounced differently (e.g., o, p), and some are written and pronounced
differently (e.g., é, y). The Russian alphabet consists of 33 letters: 21 for
consonants, 10 for vowels, and two letters without sound—a soft sign and a hard
sign.

The phonological system of Russian is similar to that of English in a
number of key dimensions. As in English, the smallest sound unit is the phoneme.
Russian has a syllable structure similar to that of English and it allows consonant
clusters in both syllable onsets (e.g., CTPOHJI /stroil/ “[he] was building”) and
codas (e.g., I'OCTb /gos’t’/ “guest”). Russian words have one strong stress, which
consists of volume and length, although the stress pattern of multi-syllabic words is
much more predictable than in English (Hamilton, 1980). As in English, Russian
vowels are reduced in unstressed positions, so the same vowel letters may be
pronounced differently in different positions.

There are also important differences. Most Russian consonants come in
“hard/soft” pairs. For example, the first sound of the word COH (/son/ “dream”) is
hard, while the first sound of the word CEJI (/sel/ “[he] sat down”) is soft, although
both sounds are represented by the same letter. Each Russian vowel is represented

by two letters—one for the vowel after a hard consonant, the other for the vowel
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after a soft consonant. For example, /mat’/ (“mother”) is written as MATb, while
/myat’/ (“to crumple”) is written as MATh. Hamilton (1980) maintains that in
Russian phonetics, “consonants are king, and vowels are slave” (p. 33): The quality
of the vowel is determined by the quality of the consonants on either side of it. In
Russian spelling, however, the situation is just the opposite: The vowel letters
provide information about the softness or hardness of the preceding consonant, and
so in Russian spelling, vowels are king. Hamilton argues that this allows maximum
efficiency as just 10 vowel letters can be used to represent all hard and soft
consonants.

How transparent is Russian orthography? According to Hamilton (1980),
this can be established by answering two questions: Would knowing the spelling of
a Russian word guarantee knowledge of its pronunciation? and Would knowing the
pronunciation of a Russian word guarantee knowledge of its spelling? Hamilton’s
answer to the first question is “almost always,” with a few exceptions. His answer
to the second question is “occasionally,” with the majority of words having some
sounds that could be represented by alternative letters.

The basic principle of Russian orthography is morphological in that each
morpheme is spelled in the same way despite its different pronunciations in
different word forms. In Russian, the true identity of a vowel is the quality that it
would show under stress, so to know how to spell an unstressed vowel, one must
find a morphologically related word where this vowel is in a stressed position. For

example, the word 'OPO/]OK (/gorodok/ “small town’) has main stress on the last
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syllable, so the first two vowels are reduced and pronounced [29] and [a],
respectively. To know how to spell the first vowel, one needs to find a related word
where this vowel would be in a stressed position, for example, the word 'OPO/]
/gorod/ “city”’; to know how to spell the second vowel, another related word must
be found, with the main stress on the second “o0,” for example, the word
HMHOIOPOJJHHH (/inogorodnyi/ “out-of-town”). The problem, however, is that
there are many words whose spelling cannot be verified in this way. These words
are called exceptions and their spelling must be memorized.

Russian spelling is also tied to semantics, which helps readers distinguish
between homophones. For example, the second, unstressed, vowel in the words
YMAJIATH (fumalyat’/ “to belittle”) and YMOJIATH (/umalyat’/ “to beg”) is
pronounced the same, as [a] and both words sound identical. To determine how to
spell these words, one must consider what they mean in the particular context and
then find a morphologically related word with the vowel in question in a stressed
position.

There are also many deviations from the morphological principle of
spelling, which are associated with tradition. For example, some adjective or verb
endings are traditionally spelled in a particular way; the spelling of many foreign
words borrowed into Russian often deviates from their pronunciation. However, as
Hamilton (1980) argues, many irregular spelling patterns occur in predictable and
familiar environments and can be learned quickly. English has many more archaic

spelling patterns than Russian.
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In summary, Russian orthography is relatively consistent, with most
phonemes represented by only one letter and most letters representing only one
phoneme, with a few exceptions. However, Russian orthography also has elements
of inconsistency, particularly in spelling, where some letters can have more than
one phonemic realization. To put it differently, Russian orthography can be
described as relatively consistent for reading and relatively inconsistent for
spelling, although Russian spelling is much more systematic than English. For
more information about Russian orthography, see Hamilton (1980) and Grigorenko

(2003).

Specific Reading Disability: Dyslexia
Why Do Some Children Fail to Learn to Read?

To learn to read, children need to appreciate that printed forms on a page
correspond to spoken language. To do that, they need to set up a system of
mappings between letters and sounds, which is based on the alphabetic principle.
This alphabetic principle is crucially important because it provides the child with a
self-teaching device that enables the decoding of unfamiliar words (Share, 1995). A
child who has grasped the alphabetic principle can abstract the correspondence
between the letters and the sounds in familiar words and use this knowledge to read

unfamiliar words (Snowling, 2000).
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Yet, in all alphabetic lalngualges3 studied so far, a small group of children
(e.g., 2-11%, depending on the language, Smythe & Everatt, 2000) lag significantly
behind their peers in reading development—or fail to learn to read altogether—
despite normal or above normal intelligence, adequate reading instruction, and no
general learning disabilities, sensory deficits, emotional problems, or
socioeconomic disadvantage. These children are said to be suffering from dyslexia,
or specific reading disability. The specific criteria for diagnosing dyslexia vary
across countries, populations, and studies, but typically a discrepancy of about two
standard deviations between a child’s actual reading ability and that predicted
based on their 1Q (Fawcett, 2002) must be demonstrated before that child can be
classified as dyslexic. Reading problems in dyslexic children are manifested in
extreme difficulty with the acquisition of very basic reading skills such as single
word reading and letter-sound decoding.

According to the highly influential phonological representations hypothesis
of dyslexia (e.g., Goswami, 2000; Snowling, 2000), dyslexic children’s difficulty
with reading acquisition stems from their phonological deficits, or “weak
phonological [re]coding” (Vellutino, Fletcher, Snowling, & Scanlon, 2004, p. 12),

which prevents them from establishing fine-grained links between graphemes in

3 Readers interested in learning about dyslexia in non-alphabetic languages,
particularly Japanese, are directed to Hirose and Hatta (1988), Wydell (2003),
Wydell and Butterworth (1999), Wydell and Kondo (2003), Yamada (2004), and
Yamada and Banks (1994).
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written words and phonemes in spoken words. Their representations of word
pronunciations remain coarse-grained, perhaps at the level of whole words, which
makes it impossible for such children to develop a self-teaching device for reading
unfamiliar words. As Snowling (2000) has put it, “a dyslexic child who learns to

pronounce pat as ‘pat’ will, when faced with cap, have to learn this anew” (p. 89).

Dyslexia and Nonword Reading

The most direct test of phonological recoding skill is a test of nonword
reading in which a child is presented with pronounceable nonsense words and
asked to read them as fast and as accurately as possible. Because nonwords are
visually unfamiliar, the only way to read them is by using phonological recoding.
This test, then, becomes the benchmark measure of phonological recoding, giving
an indication of the integrity of a child’s phonological skills.

Most studies conducted with English-speaking dyslexics have reported
nonword deficits in dyslexic readers relative to both reading-age (RA) and
chronological-age (CA) controls. For example, in a comprehensive review of
studies of nonword reading in English, Rack, Snowling, and Olson (1992) reported
differences between dyslexic and RA-matched controls ranging from 9 to 43
percentage points, with a median of 19 percentage points. They further showed that
studies that had failed to find any differences in nonword reading between dyslexic
and normal children were methodologically deficient and did not control for

differences in IQ between the two groups, the difficulty of the nonwords used, or
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the similarity of the test items to real words. In a meta-analytic study using the
same database, Van I[jzendoorn and Bus (1994) examined these factors
systematically and confirmed that the main reason for the failure to obtain
differences on nonword reading between dyslexic and normal readers was the
inadequacy of the matching procedure in terms of age, intelligence, and word
recognition ability. They also confirmed the presence of a nonword reading deficit
in dyslexia, concluding that it would take more than 400 studies with null results
“to bring the combined probability...[of no such deficit] down to insignificance” (p.
274).

Nonword reading deficits in dyslexia have been reported in languages other
than English. For example, Greek first graders with dyslexia read 93% of nonwords
correctly compared with 97% for CA controls (Porpodas, 1999); Dutch first graders
read an average of 4.8 nonwords correctly, compared with 6.7 nonwords for the
non-dyslexic group—a significant difference (de Jong & van der Leij; 2003);
French dyslexics read 75% of nonwords correctly compared with 90% for CA
controls (Sprenger-Charolles, Colé, Lacert, & Serniclaes, 2000). In a longitudinal
English-German comparison using identical nonwords, Frith et al. (1998) found
that English children made more errors than German children at all times at which
they were tested and even when word-recognition ability was equated between the
groups. Landerl et al. (1997, see also Landerl, 2003, for a summary of English-
German comparisons) tested 10- and 12-year-old English and German dyslexics on

nonword reading and found that the English group were much less accurate than
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the German group, producing, for example, 14 different pronunciations for a few
three-syllable nonwords.

It may be misleading, however, to base estimates of decoding ability in
consistent orthographies on nonword reading accuracy alone because the
straightforward grapheme-phoneme correspondences in such orthographies make it
possible even for children with weak phonological skills to achieve high levels of
decoding accuracy. For example, Wimmer et al. (2000) reported that German
children with a phonological deficit scored about 90% correct on a test of easy
nonwords and about 76% correct on a test of difficult nonwords—in both cases,
only about 4% lower than the no-deficit group. In another German study (Wimmer,
1996), ten-year-old dyslexics read simple and complex nonwords at 91% and 84 %
accuracy rates, respectively. In Dutch, de Jong and van der Leij (2003) found that
although normal first graders were significantly more accurate on nonword reading
than dyslexic children, there was a considerable overlap (about 50%) in accuracy
scores between the groups.

In contrast, nonword reading speed appears to be a strong and reliable
differentiator between dyslexic and normal readers in both consistent and
inconsistent orthographies. For example, in de Jong and van der Leij’s (2003) study
described above, the nonword reading speed scores of the dyslexic and normal
readers did not overlap at all and differed by more than 4.5 standard deviations. In
Wimmer’s study (1996), the dyslexic group showed marked speed impairments

compared to RA controls both on simple nonwords derived from frequent content
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words (e.g., put, ema) and on more difficult nonwords derived from Japanese (e.g.,
matoru, kerata). In Ziegler et al.’s (2003) study, both English and German
dyslexics showed impairments in nonword reading speed with respect to both CA
and RA controls; however, neither group was impaired on accuracy relative to RA
controls. More important, the speed deficit was of similar size in both languages.
The authors concluded that the nonword decoding speed deficit affects dyslexics in
both consistent and inconsistent orthographies in similar ways. A very similar
pattern was observed in a study by Paulesu and his colleagues (2001), who
compared Italian, French, and English dyslexic adults on nonword reading speed.
Despite a consistent advantage in absolute terms exhibited by the Italian readers
over the English and French groups, when the z-scores were compared across the
groups, the Italian dyslexics differed from their controls by as much as the English

and French groups differed from their controls.

Correlates of Word Reading
Phonological Awareness
Phonological awareness can be defined as one’s awareness of, and access
to, the sound structure of oral language (Torgesen, Wagner, Rashotte, Burgess, &
Hecht, 1997). It involves the ability to notice, identify, think about, and manipulate
phonological segments within words including syllables (e.g., tic-tac), onset-rime
units (e.g., gr-asp), and phonemes (e.g., /s-i-#/). It is typically demonstrated by such

tasks as detecting a non-rhyming word in a string of three or four words, tapping
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out the number of syllables or phonemes in a word, isolating initial or final sounds
in a word, or deleting a phoneme from a word (Adams, 1990). Thus, depending on
the task, the term phonological awareness has been used in developmental
literature to refer to syllabic awareness, rime (or rhyme)4 awareness, and phoneme
awareness. Phonological awareness is a metacognitive ability as it requires
conscious reflection (Snowling, 2000).

A clear developmental progression in phonological skills has been
demonstrated in most alphabetic languages studied so far (see Ziegler & Goswami,
2003, for a review). The development proceeds from a shallow sensitivity to large
units (e.g., syllables and onset-rime units) to a deep sensitivity to small units (i.e.,
phonemes). According to this view, which is exemplified in the work of Goswami
(1999, 2000, 2004), it is the syllable, and not the phoneme, that is the most basic
unit of speech processing across all languages; syllable-based reading is thus seen
as the most basic.

The close connection between children’s phonological awareness and the
ease with which they acquire basic word recognition skills has been well
documented (see Adams, 1990; Snowling, 2000; Wagner & Torgesen, 1987, for
reviews). This relationship has been demonstrated across orthographies and in

bilinguals (see Comeau, Cormier, Grandmaison, & Lacroix, 1999, for French; de

* In the literature on reading, rime refers to the linguistic unit of the syllable
containing the vowel and the succeeding consonant or consonants, for example, -at
in the word cat. Rhyme, in contrast, refers to the shared phonetic similarity of the
end sounds of at least two words, for example, coat and goat. In practice, these

terms often overlap.
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Jong & van der Leij, 2003, for Dutch; Frost et al., 2005, for Danish; Gottardo,
2002, for Spanish-English bilinguals; Mannai & Everatt, 2005, for Arabic;
McBride-Chang & Kail, 2002, for Chinese; Oktay & Aktan, 2002, for Turkish;
Porpodas, 1999, for Greek; Share, 2003, for Hebrew). Some theorists (e.g., Elbro,
1996) have suggested that phonological awareness is the single strongest predictor
of reading achievement, and many now believe that the relationship between
phonological awareness and reading is causal rather than correlational (Share,
1995; Veluttino et al., 2004; Wagner & Torgesen, 1987; Ziegler & Goswami,
2005).

Several lines of evidence support the critical role of phonological awareness
in reading acquisition. The first one comes from studies demonstrating strong
predictive relations between phonological awareness and early reading skills.
Particularly informative in this respect are longitudinal studies. Bradley and Bryant
(1983) followed the progress of some 400 children for four years starting from
when the children had not yet started to read. They found a strong relationship
between the children’s phonological awareness at age four and their reading skills
at age eight. Muter and Snowling (1998) reported a study of 34 children tracked for
five years. The children completed tests of rhyme awareness (rhyme detection and
discrimination) and phoneme awareness (phoneme deletion) when they were four,
five, six, and nine years old. Hierarchical multiple regression analyses showed that
phoneme awareness was a significant predictor of individual variation in reading

accuracy, both concurrently and longitudinally. In another study, Nation and
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Snowling (2004) followed the development of reading skills in 72 eight- to 13-year
olds and found that concurrently, measures of phonological awareness and
nonword decoding accounted for an impressive 72% of the variance in word
recognition and that longitudinally, they accounted for 10% of the variance in word
recognition.

The second line of evidence comes from studies of poor readers, or readers
with dyslexia. Numerous studies have shown that children who demonstrate
impairments in the phonological domain—particularly on tasks requiring the
manipulation of phonemes—also have difficulty learning to read (Elbro, Borstrom,
& Petersen, 1998; Landerl et al., 1997; Marshall, Snowling, & Bailey, 2001; see
also Goulandris, 2003b; Snowling, 2000, for reviews). The strongest designs have
compared dyslexics with chronological and reading-age controls in order to
highlight developmental deficits that are the cause rather than the consequence of
dyslexics’ reading problems (Abu-Rabia, Share, & Mansour, 2003; Bruck, 1992;
Pennington, Van Orden, Smith, Green, & Haith, 1990; Swan & Goswami, 1997). In
a recent comprehensive review of some 40 years of research on dyslexia, Vellutino
et al. (2004) have concluded that deficiencies in phonological awareness are
causally related to problems with word recognition. This conclusion is further
supported by case studies of developmental dyslexia (Campbell & Butterworth,
1985; Ramus et al., 2003; Snowling, Hulme, & Goulandris, 1994).

Perhaps the strongest support for the role of phonological awareness in

reading comes from training studies in which phonological awareness has been
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manipulated experimentally. These studies have consistently shown positive effects
of phonological training not only on the development of phonological awareness
but also on reading achievement. For example, Lundberg, Frost, and Petersen
(1988) trained a group of Danish preschoolers to attend to, and produce, rhymes,
syllables, and phonemes before these children started to read. They found
significant effects of the training on the children’s performance on rhyming tasks
and an even greater effect on the children’s performance on phoneme tasks.
Moreover, significant facilitating effects were observed on the children’s progress
in reading in Grades 1 and 2. Phoneme segmentation and phoneme isolation
training significantly improved reading skills in a sample of Norwegian children
(Lie, 1991), while phoneme awareness instruction combined with letter name and
letter sound teaching had a beneficial effect on the development of early reading
skills in English-speaking children (Ball & Blachman, 1991). In a meta-analysis of
nearly two dozen training studies with a randomized or matched design conducted
in the U.S., Bus and [jzendoorn (1999) found that phonological awareness training
explained about 12% of the variance in reading skill. Positive effects of
phonological training on reading development have also been found in highly
orthographically consistent languages such as German (Schneider, Kuspert, Roth,
& Vise, 1997).

Many of the above studies have demonstrated that the effect of
phonological awareness training is specific to reading and does not extend to other

linguistic skills such as vocabulary (Lundberg et al., 1988), or to mathematics
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(Bradley & Bryant, 1983). This suggests that phonological awareness is not simply

a predictor of general academic achievement but rather a reading-related skill.

The Effect of Language Characteristics on Phonological Awareness

With the emergence of cross-linguistic studies of reading, it has become
increasingly evident that the relationship between phonological awareness and
reading development is not the same in different orthographies. For example,
Holopainen et al. (2001) found that in Finnish, phonological awareness tasks failed
to predict delays in reading development in poor readers. De Jong and van der Leij
(2002) followed a group of 140 Dutch children from Grade 1 to Grade 3 in order to
examine the development of their phonological abilities and found that the effect of
phonological awareness on reading was limited to the first grade, after which
phonological awareness did not provide an extra impetus for the development of
word recognition. The design of their study was particularly strong as they took
into account the autoregressive effects of prior reading. Similarly, in Danish,
phonological awareness was the strongest predictor of reading only in the early
stages of reading development (at the start of Grade 2); at all other times (Grades 2-
9), semantic skills were the strongest predictor (Frost et al., 2005).

Cross-linguistic studies also indicate that the manifestation of phonological
awareness deficits depends on the orthography a child has to master and that such
deficits are generally much harder to detect in consistent than in inconsistent

orthographies. For example, Porpodas (1999) found that the performance of Greek
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dyslexics on phonological awareness tasks—although worse than that of controls—
was nevertheless highly satisfactory, at 78-88% correct, depending on the task. He
attributed this result to the regular nature of the Greek orthography. In Hungarian,
another orthographically consistent language, phonological awareness tests failed
to distinguish good from poor readers (Everatt et al., 2004). De Jong and van der
Leij (2003) followed a group of Dutch dyslexics from kindergarten through Grade
6 and found that by Grade 6, deficits in phonological awareness disappeared in this
group. They attributed these results to the regular nature of the Dutch orthography.
The characteristics of the spoken language also appear to exert a significant
influence on phonological awareness and its development. For example, it has been
shown that children using alphabetic languages such as English perform better on
phonological awareness tasks than children in logographic languages such as
Chinese (Bialystok, McBride-Chang, & Gigi, 2005). On the other hand, children
learning to read a consistent alphabetic orthography have been shown to develop
phonological awareness much faster and more easily than children learning to read
an inconsistent orthography (see Goswami, 2002, for a review). In an Italian-
English comparison, Cossu, Shankweiler, Liberman, Katz, and Tola (1988) found
that phoneme awareness was more developed in Italian than in English-speaking
children. In a Turkish-English comparison, Durgunoglu and Oney (1999) reported
that the Turkish speakers outperformed the English speakers on both phoneme and
syllable tasks. The faster development of phonological awareness in consistent

languages is often attributed to their simpler phonological and syllabic structure.
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The influence of the spoken language on phonological awareness may be
even more fundamental as spoken language characteristics appear to affect, through
readers’ preference for syllable segmentation, the very basic sensitivity to
phonological units. For example, according to Treiman (1985, 1986), in English,
the most natural way to divide syllables is into onsets (i.e., the sounds preceding the
vowel) and rimes (i.e., the vowel and consonant(s) following it): sp-in, sh-eep,
which makes English children highly sensitive to rime units in learning to read.
However, in Korean, the preferred syllabic structure of these words would be spi-n
and shee-p (syllable body plus coda), which makes Korean readers more sensitive
to body-coda units than to onset-rime units (Perfetti, 2003). Perfetti has argued that
this difference is at the linguistic level, not just the reading level, because it
parallels preferences in the division of spoken words. My own preliminary work
with adult native speakers of Russian indicates that Russian speakers
overwhelmingly prefer body-coda segmentation to onset-rime segmentation. Such
linguistic differences become crucial in selecting appropriate tasks to measure

phonological awareness.

Phonological Awareness Tasks

Task difficulty. A number of tasks have been used to measure phonological
awareness. Adams (1990) identified at least five levels of difficulty of phonological
tasks differing from one another by the type of cognitive operation required to

complete a task (e.g., detection, blending, segmentation, deletion, or substitution)
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or by the size of the unit of sound that is the focus of the task (i.e., whether a task
requires the identification or manipulation of syllables, intrasyllabic units such as
rhymes, or phonemes).

At the lowest level is the knowledge of nursery rhymes, which according to
Adams (1990) requires nothing more than an ear for the sounds of words. At the
next level are rhyme and alliteration tasks, which require the ability to focus on
certain sounds. These are followed by phoneme blending and syllable splitting,
tasks that require an understanding that words can be divided into smaller units. At
the next level is phoneme segmentation, which requires the ability to analyze words
into a series of phonemes. At the highest level of difficulty are phoneme
manipulation tasks, which require not only the ability to subdivide a word into
phonemes but also the ability to manipulate them by addition, deletion, or
transposition.

Several researchers investigated the issue of task difficulty empirically. For
example, Yopp (1988) examined the relative difficulty of ten phonological tasks
including rhyming, auditory discrimination, phoneme blending, word matching,
phoneme segmentation, sound isolation, phoneme deletion, and phoneme counting.
Because the tasks varied in the number of items, she converted the means to a
percent correct for each test. She found that the easiest tasks were rhyming,
auditory discrimination, and phoneme blending, and the hardest—phoneme

segmentation and phoneme deletion.
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Stahl and Murray (1994) also examined the levels of difficulty of common
phonological tasks, but obtained different results. They administered four tests
varying in the type of operation required (i.e., phoneme blending, segmentation,
isolation, and deletion) to 113 kindergarten and first-grade children and found that
after equating for linguistic complexity, phoneme isolation was the easiest task,
followed by blending, deletion, and segmentation. In terms of linguistic
complexity, the easiest items were those that required analyzing onsets and rimes,
followed by those that required analyzing vowels and codas, followed by those that
required analyzing cluster codas, and finally, cluster onsets.

One explanation for the contradictory results obtained by Yopp (1988) and
Stahl and Murray (1994) is that the type of cognitive operation required to
complete a task and the level of linguistic complexity are not the only factors that
influence task difficulty. Other task characteristics such as the position of the target
linguistic unit within the word, the position of the target word within a string of
words, or the nature of the target word (i.e., whether it is a real or a nonsense word)
may also affect task difficulty. A recent study using item response theory (IRT)
found empirical confirmation of this hypothesis (see below).

Schatschneider, Francis, Foorman, Fletcher, and Mehta (1999) used an IRT
model to show that a task’s difficulty depended on many factors including the size
of the linguistic unit to be manipulated, the position of the target linguistic unit
within the word, the type of operation to be performed, and the nature of the target

word. For example, the difficulty of deleting phonemes from a word depended on
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whether the phoneme to be removed occurred in the middle of the word (i.e., mean
difficulty = .89), or at the beginning or end of the word (mean difficulty = -.54); the
difficulty of blending phonemes depended on whether the sounds to be blended
formed a real word or a nonsense word; the difficulty of categorizing sounds
depended on the position of the target word within a string of words, with items
with the target word in the final position being consistently easier than other items.
These results show that performance on an item can be substantially influenced not
only by task requirements but also by the characteristics of the target item and the
nature of the target word. Schatschneider et al. also found that a task’s usefulness in
estimating a child’s phonological awareness depended on the child’s age, most
likely reflecting the child’s developmental maturity. For example, tasks requiring a
child to blend onsets and rimes were useful in estimating phonological awareness
of younger children, but did not fare well in estimating phonological awareness of

older average-ability children.

The predictive power of phonological awareness tasks. Another important
question is whether various phonological awareness tasks are equally important in
predicting reading development. Traditionally research in this area has compared
the usefulness of tasks measuring the processing of small units (i.e., phonemes)
versus the usefulness of tasks measuring the processing of large units (i.e., thymes).
Results for the usefulness of rhymes have been mixed. For example, in English,

rhymes have been found to be the more powerful predictor of reading achievement
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in a number of studies (for a comprehensive review, see Goswami, 1999),
especially in younger children, prompting some researchers (e.g., Goswami &
Bryant, 1990) to claim that there are causal connections between pre-school rhyme
awareness and later progress in reading.

However, other researchers did not find rhyme awareness useful in
predicting reading ability, either concurrently or longitudinally (Hulme, Hatcher,
Nation, Brown, Adams, & Stuart, 2002; Muter & Snowling, 1998; Nation &
Hulme, 1997). For example, in Muter and Snowling’s study, rhyme awareness
failed to predict reading ability in a group of preschool and elementary school
children either in the short or in the long term. In Nation and Hulme’s study, onset-
rime segmentation ability failed to predict any shared or unique variance in reading
ability in elementary school children. An interesting finding in that study was that
the children found onset-rime segmentation tasks very difficult, performing them at
about 55% correct. Nation and Hulme argued that this finding seriously undermines
Goswami and Bryant’s claim that onset-rime awareness develops early and
naturally.

Results for orthographically transparent languages have been more
consistent, typically showing weak or non-existent relations between onset-rime
awareness and reading development. For example, Hoien, Lundberg, Stanovich,
and Bjaalid (1995) investigated predictors of reading in six- and eight-year-old
Norwegian preschoolers and first-grade students. Although the rhyme measure did

make a statistically significant contribution to predicting reading ability in the
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school-age sample, its contribution was very small compared to that of the
phoneme measures. In German, Wimmer, Landerl, and Schneider (1994) reported
no predictive relations between early reading skills and rhyme awareness. In
Spanish, Gonzalez, Gonzalez, Monzo, and Hernandez-Valle (2000) found that
onset-rime units were largely irrelevant to reading.

In contrast, phoneme awareness has been found to be a robust and stable
predictor of individual variation in reading both concurrently and longitudinally in
most languages in which it has been investigated (Chiappe & Siegel, 1999; Comeau
et al., 1999; Hoien et al., 1995; Mann & Foy, 2003; Marshall et al., 2001; Nation &
Hulme, 1997; Oktay & Aktan, 2002; Porpodas, 1999). The predictive relations
between phoneme awareness and reading development have been demonstrated
using a large variety of tasks including phoneme counting, phoneme identification,
phoneme segmentation, phoneme blending, phoneme deletion, phoneme
substitution, and phoneme transposition. Overall, these results suggest that tasks
measuring phoneme awareness may be more important in predicting reading
development than tasks measuring larger unit processing, particularly in consistent

orthographies.

Construct validity. A related question is whether phonological awareness
represents a single ability, perhaps developing along a continuum of phonological
skills, or whether it is composed of distinct phonological abilities. To put this

question in operational terms, do tasks commonly used to measure phonological
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awareness tap the same latent ability or do they measure independent cognitive
abilities? A review of the developmental literature indicates that the main approach
to this question has been based on the use of factor analysis.

Stahl and Murray (1994) used factor analysis to examine the structure of
four phonological tasks varying in the type of operation required and in linguistic
complexity. They identified a single factor, irrespective of whether they analyzed
the data by the type of required operation or by the level of linguistic complexity.
When the type of operation was used in the analysis, a single factor accounted for
73% of the variance; when the level of linguistic complexity was used, one factor
accounted for 82% of the variance. Stahl and Murray argued that both dimensions
can be used to define phonological awareness, with linguistic complexity
accounting for somewhat more variance.

Stanovich et al. (1984) conducted an exploratory factor analysis on seven
phoneme and three rhyming tasks with 49 preschool children and identified a single
phonological factor, which received high loadings from all the phoneme—but not
the rhyming—tasks. The one-factor model explained 48% of the variance in the test
scores. The authors concluded that the different non-rhyming tasks were all
measuring the same latent ability. Bowey (1996) also found a single factor
underlying the performance of kindergarten children on two phonological tasks, a
rhyme oddity task and a phoneme identity task; however, in contrast to the
Stanovich et al. study, in her study, both the rhyme and the phoneme task loaded on

the same factor. A possible criticism of Bowey’s study is that the phonological
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battery included only two tasks and that the phoneme task had low reliability
(Cronbach alpha = .47), which casts some doubt on the appropriateness of this task
for her sample.

Anthony and his colleagues (Anthony, Lonigan, Burgess, Driscoll, Philips,
& Cantor, 2002) examined the relations among phonological awareness of
syllables, that of thymes, and that of phonemes in two preschool samples: two- and
three-year-olds and four- and five-year-olds. Advanced confirmatory factor
analysis techniques revealed that a one-factor model best explained the data from
both groups of children. In a later study, Anthony and Lonigan (2004) re-examined
data from four previous studies with a combined sample of more than 1,000
children ranging in age from two to seven years and found that the phonological
awareness of the younger children was best explained with a one-factor solution,
whereas the phonological awareness of the older children was best explained with a
two-factor model that specified a separate rhyming factor. However, because the
rhyming skills of these children were highly correlated with, and predictive of, their
other phonological skills, the researchers concluded that phonological awareness is
a single ability that manifests itself in a variety of skills during the preschool and
early school years.

Schatschneider et al. (1999) examined the dimensionality of the
phonological awareness construct using IRT. The researchers administered a
battery of tests varying in task demands, the nature of target words (i.e., real words

or nonwords), and the size of the unit of sound to be analyzed to 945 kindergarten,
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first-, and second-grade children in order to assess the children’s blending,
segmentation, and sound categorization skills. They found evidence for a unitary
construct underlying all the tasks they used.

Other researchers have proposed models with more than one factor. For
example, Yopp (1988) conducted an exploratory factor analysis of ten phonological
tasks with 96 preschool children and found two distinct factors underlying their
performance—a large first factor with high loadings from the tests of phoneme
segmentation, phoneme isolation, and phoneme counting as well as a smaller
second factor with high loadings from phoneme deletion tasks. The larger factor
accounted for 59% of the variance, and the smaller one for 9% of the variance in
the test scores. Yopp called the first factor “simple phonemic awareness” and the
second one “compound phonemic awareness” (p. 174) and argued that the deletion
tasks tapped a different ability because they required more mental operations than
did the other tasks and hence were more cognitively demanding. Hoien et al. (1995)
found three separate factors in their study of Norwegian children: a syllable factor,
a rhyming factor, and a phoneme factor. The scores on all three factors
independently predicted reading ability.

Previous studies vary not only in the number of factors extracted but also in
the very structure of these factors. For example, in Yopp’s (1988) study, both
extracted factors were phoneme-based, and rhyme tasks did not load on either of
the extracted factors. In Stanovich et al.’s (1984) study, rhyme tasks were also

irrelevant, although the researchers extracted only one factor. But in Muter, Hulme,
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Snowling, and Taylor’s (1997) study with four- to six-year-old English-speaking
children, the two-factor solution included, in addition to a phoneme segmentation
factor, a thyme factor. However, in contrast to the results obtained by Yopp, in that
study, the test of phoneme isolation and the test of phoneme deletion loaded on the
same factor.

Why have results differed so widely? One possibility is that age and general
developmental maturity may have affected performance. Many of the above studies
included children of both preschool and school ages and it is possible that these
groups of children were at different developmental stages and may not have been
comparable. Indirect support for this possibility comes from observations that
large-unit (e.g., rhyme) awareness and small-unit (e.g., phoneme) awareness do not
develop simultaneously: Large-unit awareness appears to develop prior to reading
acquisition, whereas small-unit awareness develops after reading exposure and is
spurred by it (Ziegler & Goswami, 2005). For example, it has been shown that in
order for phoneme awareness to develop, letter learning is required (see Share,
1995, for a review). There is also strong evidence for the reciprocal influence of
phoneme awareness and reading on each other: Phoneme awareness influences
reading development and reading influences the development of phoneme
awareness (Perfetti, Beck, Bell, & Hughes, 1987; Share, 1995). In this sense, as
Share has argued, phoneme awareness can be conceptualized as a reading skill

rather than as a cognitive ability, much like letter-sound knowledge.
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Many factor analytic studies have also been criticized for methodological as
well as statistical shortcomings (e.g., see Anthony et al., 2002, for a review)
including small sample sizes, exploratory procedures, low test reliability, floor and
ceiling effects, and the use of single measures of phonological skills. It is also
possible that some of the phonological measures, especially those requiring
phoneme manipulation may not have been appropriate for some children as a
certain degree of developmental maturity is required for a child to be able to
perform the more cognitively demanding phonological tasks (Adams, 1990;
Anthony & Lonigan, 2004). Moreover, factor analysis may not be an ideal tool for
analyzing the structure of phonological awareness because, as has recently been
shown in a series of simulation studies (e.g., Smith & Miao, 1994), it may not
perform well in situations when the majority of test items are expected to load on

just one factor.

Rapid Automatized Naming
Another correlate of reading ability is phonological recoding in lexical
access, which refers to the automaticity with which a child can access a lexical
referent for a written word by recoding the written symbols into a sound-based
representation (Wagner & Torgesen, 1987). This skill is assessed using rapid
automatized naming (RAN) tasks (Denckla & Rudel, 1976), in which a child is
asked to name, under speeded conditions, a set of digits, colors, or pictures of

highly familiar objects arranged randomly in a 10 x 5 array. This automaticity is
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thought to be a function of both phonological processing and memory (Singleton,
2002).

RAN tasks have been used frequently in studies investigating the
determinants of reading ability, and many researchers have reported a statistically
significant relationship between RAN measures and early reading skills measured
by both word reading accuracy and word reading speed (Gholamain & Geva, 1999;
Holopainen et al., 2001; Kobayashi, Haynes, Macaruso, Hook, & Kato, 2005;
Manis, Seidenberg, & Doi, 1999; Swanson et al., 2003; Wagner et al., 1997,
Wimmer, 1993).

This relationship appears to be particularly strong in languages with
transparent orthographies, where RAN measures have often been found to be a
more robust predictor of reading performance than even phonological awareness
measures. For example, Holopainen et al. (2001) found that in Finnish, naming
speed in kindergarten was a significant predictor of reading speed in second grade.
This was in contrast to phonological awareness measures (i.e., phoneme deletion
and phoneme blending), which failed to differentiate early from late decoders. De
Jong and van der Leij (2002) examined the effect of phonological abilities on
reading development in a longitudinal study of 140 Dutch children and found that
the relation of word-reading speed with rapid naming was consistently stronger
than the relation of word-reading speed with phonological awareness, although the

effects of both RAN and phonological awareness were limited to the first grade.
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Szczerbinski (2003) reported that RAN was a strong and independent predictor of
reading ability in an unselected group of Polish elementary school children.

The strong relationship observed between RAN measures and reading in
transparent orthographies may reflect the special importance of rapid naming to the
development of word-reading speed as opposed to word-reading accuracy (Manis et
al., 1999; Torgesen et al., 1997; Wimmer, 1993; Wolf & Bowers, 1999). It has long
been observed that in languages with transparent orthographies, where the
relationship between phonemes and graphemes is straightforward, even readers
with phonological deficits have little trouble acquiring decoding accuracy
(Wimmer, 1996; Wimmer et al., 2000), and it is the speed of decoding, rather than
the accuracy that appears to be the distinguishing feature between good and poor
readers (de Jong & van der Leij, 2003; Landerl, 2003; Lyytinen et al., 2004).
Because rapid naming is more closely related to reading speed than to reading
accuracy, individual differences in rapid naming should have a greater influence on
reading development in languages where impaired reading speed, rather than
accuracy, is the hallmark of reading disability.

In fact, rapid naming problems seem to be one of the main characteristics of
dyslexic children learning to read in a transparent orthography. In Dutch, deficits in
RAN in dyslexic readers were found to persist largely unchanged from
kindergarten into adolescence, whereas deficits in phonological awareness were

developmentally limited and disappeared by sixth grade (de Jong & van der Leij,
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2003). In German, rapid naming tasks have been found to be the best differentiators
between dyslexic and normal readers (Landerl, 2003).

Recent research has also suggested that rapid naming may have different
relationships with reading in average versus poor readers. Several researchers have
found that rapid naming is more predictive of reading ability in readers with
dyslexia than in average readers (Cardoso-Martins & Pennington, 2004; McBride-
Chang & Manis, 1996; Meyer, Wood, Hart, & Felton, 1998). For example,
Cardoso-Martins and Pennington examined the contribution of rapid naming as
well as phonemic awareness to early literacy acquisition in children at high and at
low familial risk of dyslexia. They found that rapid naming contributed unique
variance to reading and spelling ability only in the high-risk group, whereas
phonemic awareness was a strong predictor of reading in both groups of children.
Further, the predictive power of rapid naming in average readers appears to be
limited to an early period of development and is often not found with mature
readers (Torgesen et al., 1997; Wagner et al., 1997), whereas in dyslexic
populations, rapid naming remains a reliable predictor of reading ability throughout
elementary and junior high school years (Meyer et al., 1998; Wolf, Bowers, &
Biddle, 2000).

Similarly, the patterns of association between rapid naming and other
cognitive abilities on the one hand and reading on the other appear to differ
depending on the skill of the reader. For example, McBride-Chang and Manis

(1996) used structural equation modeling to investigate patterns of association
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between reading, phonological awareness, verbal intelligence, and rapid naming in
average and poor readers. They found that for poor readers, both rapid naming and
phonological awareness were associated with word reading, whereas for average
readers, phonological awareness and verbal intelligence were significantly
associated with reading, but rapid naming was not.

How should the relationship between rapid automatized naming and reading
be interpreted? There are two hypotheses. One (e.g., Share, 1995; Wagner and
Torgesen, 1987) views rapid naming as a phonological ability because it involves
accessing and retrieving phonological information from long-term memory. For
example, Torgesen et al. (1997) have argued that RAN tasks “have sufficient face
and predictive validity as phonological measures to include them in the

29

‘phonological family’” (p. 162). In this view, the relationship between reading and
rapid naming is similar to that between reading and other phonological abilities,
and deficits in rapid naming are interpreted as part of a more global phonological
deficit that impedes efficient access to, and retrieval of, phonological
representations (Landerl, 2003; Snowling, 2000, p. 44).

An alternative interpretation (Wolf & Bowers, 1999; Wolf et al., 2000)
emphasizes both linguistic and visual processes involved in RAN and explains
RAN deficits as an impaired timing mechanism. For example, Wolf and her
colleagues have argued that although rapid naming, like any linguistic task,

involves accessing phonological codes, it consists of multiple processes, many of

which are nonphonological (i.e., attentional, perceptual, semantic, and articulatory).
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These processes, together with the precise timing requirements and serial
processing involved in RAN, make RAN tasks different from purely phonological
tasks. In this view, children with rapid naming deficits cannot quickly process
visual and phonological codes for printed letters and as a result, cannot form
orthographic representations of words as efficiently as normal readers.

Whatever the nature of RAN, its contribution to reading ability appears to
be independent from the effects of phonological awareness and other cognitive
abilities, such as verbal short-term memory. Support for this conclusion comes
from studies demonstrating that RAN adds independent variance to reading ability
over and above that added by phonological awareness (Manis et al., 1999;
McBride-Chang & Manis, 1996); from studies showing that RAN and phonological
awareness measures correlate only weakly (Manis et al., 1999; Wimmer et al.,
2000); and from studies showing that RAN and phonological awareness tasks load
onto separate factors (Gottardo, 2002; Van den Bos, 1998). Additional evidence
comes from studies that have identified three groups of poor readers: those with a
single deficit in rapid naming, those with a single deficit in phonological
awareness, and those with a double deficit in both naming speed and phonological
awareness (e.g., Wimmer et al., 2000; Wolf & Bowers, 1999).

In summary, the following conclusions can be drawn regarding the
relationship between RAN and reading. First, RAN appears to contribute unique
variance to reading acquisition and is most probably distinct from other

phonological measures. Second, the contribution of RAN to reading ability seems
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larger in younger, less mature, and more disabled readers. Third, the relationship
between RAN and reading may differ depending on the orthography, with more
transparent orthographies showing a stronger relationship. Finally, while RAN
measures account for variance in both word-reading accuracy and word-reading

speed, they are more strongly related to speed measures than to accuracy measures.

Verbal Short-Term Memory

Another correlate of reading ability is verbal short-term memory (STM),
which refers to the temporary storage of verbal information (Wagner & Torgesen,
1987). When verbal STM is discussed from the point of view of its function rather
than structure, it is referred to as verbal working memory, a term that emphasizes
its performance, or the ability to store and process verbal input. The capacity of
verbal STM is limited to about seven to nine items (Aaron & Joshi, 1992), while its
duration is only about 2 seconds (Baddeley, 1992). It is further hypothesized (e. g.,
Baddeley) that verbal information is retained in working memory by continuous
repetition inside a phonological loop to prevent it from fading. In reading, this sub-
vocal repetition allows verbal information to be retained for a period of time long
enough to synthesize individual speech sounds into syllables and words.

It is generally accepted in the reading literature that verbal information is
held in short-term memory in phonological form (e.g., Aaron & Joshi, 1992;
Snowling, 2000). Therefore, tasks measuring verbal STM performance also reflect

the ability to convert verbal input into its phonological form, or to represent

62



mentally the phonological features of language (Torgesen, Wagner, & Rashotte,
1994). For this reason, verbal STM has often been included in phonological skills,
along with phonological awareness and rapid naming (e.g., Wagner & Torgesen,
1987). Furthermore, many researchers (e.g., Snowling, 2000; Turner, 1997) treat
poor performance on verbal STM tasks as an indication of phonological deficits.
Accordingly, children showing problems with converting verbal material into its
phonological form would be expected to encounter difficulty in storing and
retaining information in verbal STM.

Common tasks tapping verbal STM include word repetition, nonword
repetition, and digit span. Performance on these tasks depends on the child’s ability
to store information in phonological form (Share, 1995). It has been argued that
digits are a purer form of verbal STM capacity than words because the influence of
prior vocabulary in digit repetition is lower, and the memory component is higher
(Turner, 1997). Nonwords are even better, especially at younger ages, because,
unlike words, nonwords are not prone to lexicality effects: They do not have lexical
entries in long-term memory and their repetition cannot be facilitated by long-term
memory.

Performance on verbal STM tasks is highly associated with both current and
later reading development (e.g., Turner, 1997), although the nature of this
relationship appears to be correlational rather than causal. For example, in Nation
and Hulme’s (1997) study of precursors of reading in English-speaking elementary

school children, verbal STM performance (measured by digit span) predicted,
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together with age, 60% of the variance associated with reading scores. Verbal STM
has also been shown to be related to performance on phonological awareness tasks
(Hansen & Bowey, 1994). Some researchers (Singleton, 2002) have even argued
that of all psychological measures, verbal STM may be the most robust source of
difference between good and poor readers.

Furthermore, verbal STM appears to contribute variance to reading
achievement over and above that contributed by other phonological skills. For
example, Passenger, Stuart, and Terrell (2000) followed a group of 80 preliterate
children during their first year of formal schooling in order to investigate the
relationship between phonological awareness and verbal short-term memory
(measured by digit span and nonword repetition) in reading development. They
found that both phonological awareness and verbal STM made significant and
distinct contributions to early reading skills. Similar results were reported by
Hansen and Bowey (1994), who found that verbal STM accounted for unique
variation in reading development of second-grade children, over and above that
accounted for by phonological awareness.

Deficits in verbal STM have been shown to be a strong indicator of
difficulties with reading acquisition (Gang & Siegel, 2002; Nelson & Warrington,
1980). In a longitudinal study of reading precursors, Mann and Liberman (1984)
found that inferior performance on verbal STM tasks in kindergarten was predictive
of later reading problems. Bowers, Steffy, and Tate (1988) found that in dyslexic

children, verbal STM was a good predictor of reading ability even when nonverbal
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intelligence was statistically controlled. In fact, deficits in verbal STM in dyslexia
are so pervasive that Turner (1997) has called them “the hallmark of dyslexia” (p.
86), while Snowling (2000) has referred to them as “the most consistently reported
area of difficulty” for dyslexics (p. 35). These deficits can be detected even in
adulthood and even in fully compensated dyslexics (e.g., Paulesu et al., 1996), and
they appear to be specific to tasks requiring phonological coding (Share, 1995).

Cross-language research has largely supported the above findings regarding
the role of verbal STM in reading development and reading disability. STM deficits
in dyslexia have been observed in languages as diverse orthographically as Arabic,
Finnish, Greek, and Hebrew (see Smythe et al., 2004, for a review). For example,
in Greek, Porpodas (1999) compared good and poor readers and found that in
addition to differences on phonological tasks, the groups differed significantly on
most short-term memory tasks. Gholamain and Geva (1999) found evidence of
verbal memory involvement in the development of reading skills in the two
languages of their bilingual English-Persian subjects despite considerable
orthographic differences between English and Persian. In Dutch, verbal STM
measured by a digit span test contributed significantly to the prediction of dyslexia
(Elbro et al., 1998). In Hebrew (Share, 2003), verbal STM assessed in kindergarten
accounted for 16% of the variance in word decoding ability a year later, making a
significant and unique contribution to the prediction of first-grade decoding.

But how, theoretically, could deficits in verbal STM cause problems in

learning to read? There are two alternative interpretations. One centers on the
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independent contribution of verbal STM to individual differences in reading and
ascribes dyslexic children’s difficulties to their general lack of capacity for the
simultaneous processing and storage of information (de Jong, 1998). In this
interpretation, memory processes are accorded a direct role in learning to read and
problems in this area are thought to be memory-specific. For example, Tractenberg
(2002) suggested a conceptualization of reading achievement as based on both
memory and phonological awareness to account for the range in severity of reading
disability. In a study comparing the reading performance of adults with reading
disability (RD) and those with hearing impairment, she found that while both
groups showed deficits in phonological awareness, only the RD group
demonstrated deficits in verbal STM. Moreover, adults with hearing problems
achieved significantly higher reading levels than did adults with RD in spite of their
similar phonological segmentation skills. Based on these results, Tractenberg
argued for a separable influence of verbal STM on reading. She further argued that
average reading achievement was possible in the absence of phonological
awareness but was unlikely without intact memory.

In an alternative interpretation (e.g., Hatcher & Snowling, 2002; Snowling,
2000), limitations in verbal STM displayed by dyslexics are taken as a sign of their
difficulties at the level of phonological representations, or representations of the
phonological forms of words. These representations are thought to be poorly
specified and/or incomplete in dyslexic children, placing a heavy burden on the

children’s cognitive resources and restricting the amount of information dyslexic
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children can hold in short-term memory. This impairment affects learning to read
by reducing the child’s ability to blend the sounds of visually presented letters to
form words during decoding.

Whatever the nature of the memory deficit, limitations in verbal STM have
far-reaching consequences for the child’s linguistic development. Gathercole and
her colleagues (Gathercole & Baddeley, 1989; Gathercole, Hitch, Service, &
Martin, 1997) have shown, for example, that in young children, short-term memory
is critical to vocabulary acquisition. In a longitudinal study of children at familial
risk for dyslexia, Scarborough (1990) found that at three years of age, children who
later developed dyslexia—which in English is often characterized by STM deficits
(Snowling, 2000; Turner, 1997)—showed deficits in receptive vocabulary and
object-naming ability. Children with memory deficits would also be expected to be
considerably slower than normally developing children in learning foreign
languages (Johansson, 2006) because it takes them much longer to store new
phoneme sequences in memory. This claim has recently found some empirical
support (Crombie, 1997; see also Ganschow, Sparks, & Javorsky, 1998; Ganschow,

Sparks, & Schneider, 1995; Robertson, 2000, for reviews).

Reading Comprehension
The Nature of Reading Comprehension
In the previous sections, I have reviewed research on determinants of early

word recognition and the role of orthography in this process. However, there is
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much more to reading than the ability to recognize words—the reader must also
understand what he or she is reading. Reading comprehension is a complex activity
that involves, besides graphophonemic decoding, lexical access and retrieval,
syntactic parsing, and higher-order subprocesses that ensure the building of a
coherent mental representation of the text (Megherbi et al., 2006, p. 136). It is often
described as a hierarchically layered process (e.g., Adams, 1990): At the bottom
level, the reader must decode each individual word and retrieve each word’s
meaning; at the next level, the reader must parse the sentence into syntactically
acceptable units and assemble the meanings of the words in each unit to form a
“composite interpretation” (p. 141); finally, the reader must interpret the just-read
phrase taking into account the context and the overall meaning of the text.

Thus, at lower levels, successful reading performance will depend on the
accuracy and speed of word recognition as well as the ease with which the reader
can retrieve lexical meanings of words (Adams, 1990; Vellutino et al., 2004).
Inadequate facility in word recognition—either in terms of fluency or accuracy—
will impede reading comprehension even in readers with adequate oral language
comprehension. At higher levels, successful reading performance will depend on
the reader’s ability to interpret facts, understand relationships, and use contextual
information and his or her own background knowledge. Comprehension at this
level is not automatic and may require “retrieval of particular facts or events
presented many pages earlier in the text[,]...consideration of knowledge and

construction of argument that are entirely extraneous to the text...[and] the critical
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and inferential activities necessary for putting... information together...[as well as]
active attention and thought” (Adams, p. 142). Recent research has shown that the
two components of reading, decoding and comprehension, can be clearly
differentiated and that they have at least partly different determinants (de Jong &
van der Leij, 2002; Shankweiler et al., 1999).

Reading comprehension may require a number of different skills, depending
on the reader’s experience, the purpose for reading, and other factors. In his review
of several taxonomies of reading comprehension skills, Van Etten (1978) described
two types of skill that are particularly important to early reading development—
literal comprehension, which refers to the ability to comprehend facts and literal
meanings and repeat them from a text, and interpretation, which involves
understanding unstated meaning and relies on the reader’s ability to make
generalizations and discover relationships. Following Van Etten, I use the word
“comprehension” to refer to both the ability to comprehend facts and the ability to
interpret them. In the next sections, I will review previous research on the

determinants and correlates of reading comprehension.

Components of Reading Comprehension: The Simple View of Reading

Factors related to reading comprehension can be roughly divided into two
categories—those related to skills required for word recognition and those related
to skills required for extracting word meanings and integrating them into a holistic

interpretation of a larger text. Thus, reading comprehension can be conceptualized
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as a function of decoding and linguistic comprehension. This is the Simple View of
reading (Gough & Tunmer, 1986; Hoover & Gough, 1990), according to which R =
D x C, where R is reading comprehension, D is decoding defined as “efficient word
recognition” (Hoover & Gough, p. 130), and C is linguistic comprehension defined
as “the ability to take lexical information...and derive sentence and discourse
interpretations” (Hoover & Gough, p. 131). Recently, it has been shown that an
additive formula, where R =D + C, is just as effective in explaining variance in
reading comprehension (Joshi & Aaron, 2000).

The Simple View formula postulates an independent effect on reading
comprehension for both word decoding ability and linguistic comprehension
ability, and it predicts impaired reading ability in a child with deficient decoding
skills and/or deficient linguistic comprehension ability. Several lines of evidence
support the separability of decoding and linguistic comprehension as well as the
predictive validity of this formula.

The first one comes from correlational and predictive studies. Hoover and
Gough (1990) confirmed the validity of the Simple View formula in a sample of
more than 500 bilingual English-Spanish children in the first through fourth grades.
In their study, the largest correlations with reading comprehension were of the
product of decoding and listening comprehension, which ranged from .84 in first

grade to .91 in third and fourth grades; the next largest values were for decoding

> Hoover and Gough (1990) operationalized linguistic comprehension as
listening comprehension. However, tests of vocabulary and sentence processing
have also been used in previous research to measure linguistic comprehension.
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ability in the first two grades (r = .80-.84) and for listening comprehension ability
in the last two grades (r = .80-.87). Joshi and Aaron (2000) found that the product
of decoding and listening comprehension explained about 48% of the variance in
reading comprehension in third-grade children. Cutting and Scarborough (2006)
reported that both decoding and oral language skills (measured by tests of
vocabulary and sentence processing) made unique contributions to the prediction of
reading comprehension, accounting for 49-72% of the total variance, depending on
the reading comprehension measure used.

The second line of evidence comes from longitudinal studies. Nation and
Snowling (2004) examined the relationship between oral language skills and both
reading comprehension and word recognition in a sample of 72 average readers
who were followed from the age of 8.5 for more than five years. Oral language
measures included a test of expressive vocabulary, a test of listening
comprehension, and a test of semantic fluency, in which a child is given a semantic
category and asked to produce, within a time limit, as many items for that category
as possible. The three measures of oral language accounted for a significant portion
of unique variance in reading comprehension (between 4% and 14%) both
concurrently and longitudinally, even when the effects of age, IQ, phonological
skills, and prior reading comprehension were taken into account. These oral
language measures were also significant predictors of word recognition, both
concurrently and longitudinally, although the portion of unique variance that they

explained was small (i.e., 2-4%). In another longitudinal study, de Jong and van der
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Leij (2002) examined the effects of decoding ability and linguistic comprehension
(assessed with tests of receptive and productive vocabulary and listening
comprehension) on the development of reading comprehension in a sample of 140
Dutch children. Both word decoding and linguistic comprehension measured in the
first grade predicted third-grade reading comprehension even when autoregressive
effects of reading comprehension were taken into account.

Factor-analytic evidence further supports the separability of decoding and
linguistic comprehension constructs, at least in some readers. In a study of poor
teenage readers with low to average verbal and listening ability, Savage (2006)
found two distinct factors with eigenvalues exceeding 1 underlying reading ability:
a decoding factor, with strong loadings from word and nonword reading and
spelling tests, and a comprehension factor, with loadings from tests requiring
higher order verbal processing including verbal ability, listening comprehension,
and writing. The decoding factor explained about 48% of the variance and the
comprehension factor about 18%. As predicted by the Simple View, the only
variable that loaded strongly on both decoding and comprehension factors was
reading comprehension.

Furthermore, models based on the Simple View have been shown to allow a
fairly accurate and relatively stable classification of readers into subgroups
depending on their profile of strengths and weaknesses. For example, using z scores
of less than -1 as cut-off values for poor performance in word recognition or

listening comprehension, Catts, Hogan, and Fey (2003) subgrouped their sample of
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poor readers into four groups—those with adequate listening comprehension but
poor word recognition, those with poor performance in both word recognition and
listening comprehension, those with relative strengths in word recognition but poor
listening comprehension, and those with adequate performance in both word
recognition and listening comprehension. The subgroups differed significantly from
one another in reading comprehension as well as in nonverbal 1Q, although they did
not represent homogeneous clusters with clear boundaries. This classification
remained relatively stable from second to fourth grade.

In another study, Shankweiler et al. (1999) used a cut-off score procedure
with a buffer zone to classify discrepant readers into categories. They identified
two groups of readers—those with poor reading comprehension but normal
decoding and those with poor decoding but normal reading comprehension,
although both skills in both groups fell short of the same skills observed in
unimpaired children. In other words, the discrepant readers were impaired in both
decoding and reading comprehension relative to normal children, although they had
relative strengths that distinguished them from those readers who were uniformly
low on both decoding and reading comprehension. Overall, this and similar studies
show that it is possible to differentiate between readers with specific weaknesses in

reading comprehension and those with specific weaknesses in decoding.
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The Role of Decoding

There is a strong and positive connection between fluent word recognition
and reading comprehension (Berninger, Abbott, Vermeulen, & Fulton, 2006;
Rupley, Willson, & Nichols, 1998). Fluent word recognition manifested in accurate
and rapid decoding of print permits the reader to construct the meaning of text
(Pikulski & Chard, 2005, p. 510), whereas slow word recognition directly affects
comprehension “by inhibiting [the] chunking of information into meaningful
information units” (Rupley et al., 1998, p. 155). In English, correlations between
reading comprehension and decoding (measured by real word reading) are often in
the .60-.70 range (Swanson et al., 2003) and exceed those between reading
comprehension and verbal ability, IQ, or memory. Slow and inaccurate decoding
has been shown to be the best predictor of deficits in reading comprehension (e.g.,
see Lyon, 1996, for a summary of research in the U.S.).

How does decoding affect reading comprehension? It is generally assumed
(Adams, 1990; Oney & Goldman, 1984; Stanovich, 1981; Ziegler, Perry, Ma-
Wyatt, Ladner, & Schulte-Korne, 2003) that both lower order processing required
in identifying letters and assembling word pronunciations and higher order
processing required in reading comprehension share a limited-capacity cognitive
system. The automaticity of lower order processing (e.g., decoding) frees up
memory and other cognitive resources so that they can be diverted to higher order
processing required in text comprehension. In contrast, slow letter identification

and serial, letter-by-letter assembly of word pronunciations places huge demands
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on memory and other cognitive resources and prevents the system from making
more capacity available for the higher order processes needed in text
comprehension. Thus, it is not so much the accuracy as the speed of word decoding
that is expected to affect reading comprehension. As Adams has put it, “[t]he
greater the time and effort a reader must invest in each individual word, the
slimmer the likelihood that preceding words of the phrase will be remembered
when it is time to put them all together” (p. 141).

Many studies have demonstrated that reading speed directly affects
comprehension, accounting for additional variance in reading comprehension
ability (Berninger et al., 2006; Cutting & Scarborough, 2006; Jenkins, Fuchs, van
den Broek, Espin, & Deno, 2003; Rupley et al., 1998). For example, in a study of
97 English-speaking first through tenth graders, Cutting and Scarborough (2006)
found that reading speed explained an additional 1-6% (depending on the test used
to operationalize reading comprehension) of the variance over and above that
accounted for by reading accuracy and oral language skills (assessed with tests of
lexical knowledge and sentence processing). In another study, Rupley et al. (1998)
showed through structural equation modeling that young children’s reading
comprehension was directly influenced by their rate of processing text: For children
in the first and second grades, there was a significant path from reading rate to
word recognition accuracy and from word recognition accuracy to reading

comprehension.
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Reading speed may be particularly relevant to reading comprehension in
languages with more transparent orthographies than English. For example, de Jong
and van der Leij (2002) found that in Dutch, word decoding speed influenced the
development of reading comprehension from first to third grade. Correlations
between word decoding speed and reading comprehension in the first and third
grades were .70 and .61, respectively, indicating that this relationship remained
stable over the observed period. Oney and Goldman (1984) compared Turkish and
American first and third graders on nonword reading (scored for both accuracy and
speed) and passage comprehension. Correlations between the children’s mean
decoding speed for correctly pronounced nonwords and the number of correct
responses on the reading comprehension test were moderate and significant for
both groups of Turkish children. Correlations for the American first graders were
marginally significant, and those for the American third graders were not
significant. These results indicate that for languages with a higher degree of letter-
sound correspondence, greater automaticity with decoding may be associated with
better comprehension.

Finally, the relationship between decoding and reading comprehension may
depend on how reading comprehension is operationalized, as has been shown by
Berninger and her colleagues (2006). The researchers administered several tests of
reading comprehension including a cloze, a meaning judgment test, an open-ended
question test, and a multiple-choice test to a group of poor readers in the fall and in

the spring of second grade. They found that the scores on each test were uniquely
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explained by a different predictor, and that this also depended on the time of
testing. For example, in the fall, meaning judgment was uniquely explained by
word reading rate, whereas cloze comprehension was uniquely explained by word
reading accuracy; multiple choice and open-ended comprehension were uniquely
explained by both accuracy and rate of word reading. In the spring, multiple-choice
comprehension was uniquely explained by word reading accuracy, whereas cloze
and open-ended comprehension were uniquely explained by both accuracy and rate
of word reading. However, in a confirmatory factor analysis, all reading
comprehension measures loaded on a single factor, indicating that they all
measured essentially the same thing. This factor did not change throughout the
second grade.

Differences in the operationalization of key concepts (e.g., reading
comprehension and decoding) may also explain why some researchers have failed
to find any relationship between decoding and reading comprehension. For
example, Goff, Pratt, and Ong (2005) found that when measured by passage
reading (as opposed to the more conventional word list reading), reading speed did

not make an independent contribution to reading comprehension.

The Relationship Between Decoding and Listening Comprehension
There is evidence to suggest that the relative importance of decoding versus
listening comprehension in predicting reading comprehension may depend on the

developmental stage of the child. Facility in decoding appears to carry much
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greater weight as a determinant of reading comprehension in children at the early
stages of reading development than in children at later stages, whereas listening
comprehension becomes more important at later stages of reading development
(Vellutino et al., 2004). This “developmental asymmetry” (p. 6) is evident in the
strength of correlations between decoding and reading comprehension and between
listening comprehension and reading comprehension. For example, in Hoover and
Gough’s (1990) summary of correlational research, decoding correlated with
reading comprehension to a greater degree than did listening comprehension in
lower grades (r = .55 for decoding and .35 for listening comprehension), whereas
listening comprehension correlated with reading comprehension to a greater degree
than did decoding in higher grades, when readers became more experienced.
Hoover and Gough’s study found further support for this conclusion.

Studies investigating reading comprehension in less skilled beginning
readers have also demonstrated a greater contribution to reading comprehension
from decoding than from listening comprehension. For example, in a study of poor
readers, Shankweiler et al. (1999) reported very high correlations between reading
comprehension and word and nonword reading (r = .89 and .79, respectively) but
only moderate correlations between listening comprehension and reading
comprehension (r = . 58). To assess more accurately the contributions of decoding
and listening comprehension to reading comprehension, the researchers partialed
out of the correlation the contribution of the overlapping measure. The correlation

of decoding with reading comprehension partialed on listening comprehension was
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.65, whereas the correlation of listening comprehension with reading
comprehension partialed on decoding was substantially weaker, .37. These results
indicate that in less skilled readers, tests evaluating decoding may be better
predictors of reading comprehension performance than tests evaluating listening
comprehension.

The relative weight of decoding versus listening comprehension in
determining reading comprehension may also depend on the linguistic features of
the language, including orthography. Megherbi et al. (2006) assessed the
contribution of decoding skill and listening comprehension to reading
comprehension in French first and second graders. They found that reading
comprehension correlated with listening comprehension much more strongly than it
did with decoding in both grades. Hierarchical regression analyses showed that in
first grade, listening comprehension added 29% to the proportion of variance
explained by decoding, while decoding added 17% to the proportion of variance
explained by listening comprehension; in second grade, listening comprehension
added 36% of the variance over and above that contributed by decoding, while
decoding added 8% to the proportion of variance explained by listening
comprehension. Thus, although both listening comprehension and decoding were
significant predictors of reading comprehension, the proportion of variance
uniquely explained by listening comprehension was substantially greater in both
grades. This result differs from those typically reported for English, where in early

grades, decoding has been shown to carry more weight than listening
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comprehension in determining reading comprehension (e.g., Hoover & Gough,
1990). Megherbi and her colleagues argued that the transparency of the language
may affect the weight of abilities that contribute to reading acquisition.

Finally, the relationship between reading comprehension and listening
comprehension appears to change with development. For example, Diakidoy,
Stylianou, Karefillidou, and Papageorgiou (2005) examined the relationship
between listening and reading comprehension in a sample of 612 Greek-speaking
children in four different grades. Both reading and listening comprehension tests
required the verification of literal and inferential statements, and all required a
yes/no answer. Listening and reading comprehension scores were significantly
correlated with each other at all grade levels and their relationship became
progressively stronger in higher grades (e.g., r = .44 in Grade 2 vs. r = .63 in all the
other grades). These results are consistent with the correlational evidence obtained
in English (see above) demonstrating a progressively stronger relationship between
reading comprehension and listening comprehension as children become
increasingly more skilled at word decoding. Diakidoy et al. also found significant
differences in the reading versus listening comprehension performance between the
grades: In the second grade, the children’s listening comprehension performance
exceeded their reading comprehension performance; in the fourth and sixth grades,
the children’s listening comprehension performance was comparable to their

reading comprehension performance, and in the eighth grade, their reading
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comprehension performance became better than their listening comprehension

performance.

Verbal Skills

Many researchers have argued that progress in reading beyond the basic
stages depends to a large degree on verbal skills, primarily on vocabulary (Nation
& Snowling, 2004; Pikulski & Chad, 2005). Torgesen et al. (1997) found
substantial effects of vocabulary knowledge on reading comprehension in second-
to fifth-grade children. The influence of vocabulary on the development of reading
comprehension appeared to increase with the grade level: Second-grade vocabulary
explained 24% of the variance in fourth-grade reading comprehension, whereas
third-grade vocabulary explained 43% of the variance in fifth-grade reading
comprehension. However, when the autoregressive effects of prior reading were
taken into account, these percentages dropped to 2% and 10%, respectively. In a
study of independent predictors of reading comprehension, Goff et al. (2005) found
that receptive vocabulary explained about 4% of the variance in reading
comprehension after irregular word reading was statistically controlled. There is
also strong correlational evidence for the connection between vocabulary and
reading comprehension. For example, in a summary of research on reading
comprehension conducted in 15 countries, Aaron and Joshi (1992) cited
correlations between vocabulary and reading comprehension ranging from .66 to

5.
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One explanation for the positive link between vocabulary and reading
comprehension was proposed by Ehri (1995, 2002), who argued that in order to be
activated, the phonological and meaning aspects of the words one reads must be
present in one’s mental lexicon. In this sense, fluent word recognition depends on
the reader’s familiarity with the words’ pronunciation and their meaning, or, in
other words, on the reader’s vocabulary knowledge.

Deficits in reading comprehension have been associated with weaknesses in
vocabulary (Nation & Snowling, 1998, 1999) and related semantic skills. Nation
and Snowling (1998) compared poor comprehenders to normal readers matched for
decoding skills and 1Q. Poor comprehenders had weak semantic processing abilities
and experienced greater difficulty reading low-frequency and exception words. The
researchers argued that individual differences in semantic processing may underlie
individual differences in reading comprehension and speculated that these
weaknesses may be causally related to poor readers’ comprehension problems.
There was also evidence that semantic difficulties constrained the development of
effective word recognition skills in poor comprehenders, leading to problems with
irregular and low-frequency word reading.

There is some evidence, however, that the role of vocabulary in reading
comprehension is smaller than the role of listening comprehension, at least for
some readers. For example, in a longitudinal study of the determinants of reading
comprehension in Dutch, de Jong and van der Leij (2002) found that the effect of

listening comprehension on reading comprehension was greater than that of
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vocabulary. Savage (2001) assessed the role of listening comprehension and verbal
cognitive skills in predicting reading comprehension in a group of English-
speaking poor readers. The readers’ decoding skills were kept constant. The best
predictor of reading comprehension was listening comprehension. Although
reading comprehension correlated significantly with verbal ability, this correlation
was substantially weaker than the correlation with listening comprehension. A
possible criticism of this study is that it involved only 14 mixed-ability teenagers
referred for assessment due to a demonstrated discrepancy between cognitive and

reading skills.

The Role of General Intelligence

There have been a number of empirical studies investigating the
relationship between general intellectual ability (as measured by various IQ tests)
and reading achievement defined both as single word reading and as reading
comprehension in school children. Many researchers have reported what Elifson,
Runyon, and Haber (1998) call moderate correlations. For example, Stanovich et
al. (1984) summarized several decades of research on the IQ-reading relationship
and showed correlations for second-grade children ranging from .28 to .76, with the
mean correlation of .49 and the median of .48. They went on to investigate the
relationship between IQ and reading comprehension in a sample of first, third, and
fifth graders using two intelligence measures, Raven’s Progressive Matrices

(RPM), which was used to assess nonverbal ability, and the Peabody Picture
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Vocabulary Test (PPVT), which was used to assess verbal performance. Both the
RPM and the PPVT had moderate correlations with reading comprehension (r = .33
and .34, respectively, for first graders; r = .42 and .59 for third graders; and r = .56
and .58 for fifth graders). Stanovich et al.’s research, however, was based on a
small sample—56 children in the first grade, 18 in the third grade, and 20 in the fifth
grade.

Studies based on larger samples have consistently yielded more stable
correlations. Particularly noteworthy in this respect are the studies conducted by
Naglieri (1996) and Naglieri and Ronning (2000), who used large samples that
were representative of the U.S. population on a number of key demographic
variables. For second- through ninth-grade students, (N = 2,125), Naglieri reported
correlations ranging from .43 to .58 between a test of nonverbal ability and a
reading test that combined measures of decoding and reading comprehension; for a
representative sample of more than 22,000 preschool through twelfth-grade
students, Naglieri and Ronning reported a median correlation of .52 between
nonverbal IQ and word reading and that of .56 between nonverbal 1Q and reading
comprehension. In both studies, the correlations were greater in higher grades.
These studies have high ecological validity because they employed nonverbal
measures of intelligence and excluded verbally loaded, reading-related subtests in
order to avoid any contamination of the results due to content overlap. The use of
nonverbal rather than verbal or composite measures of IQ may be particularly

justified with younger children because reading skills in the first years of literacy
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acquisition appear to relate more closely to perceptual and pattern-recognition
skills, rather than to overtly linguistic skills such as vocabulary (Turner, 1997).

In a recent study, Tiu, Thompson, and Lewis (2003) reported a correlation
of .60 between nonverbal 1Q as measured by the Wechsler Intelligence Scale for
Children, Third Edition, and reading comprehension. They conducted a series of
hierarchical regression analyses and found that nonverbal ability was a significant
predictor of reading comprehension and that it added more to the prediction of
reading comprehension than either listening comprehension or processing speed.
The authors also compared the relationship between 1Q, listening comprehension,
processing speed, decoding, and reading comprehension in a reading-disabled and a
non-disabled group. They found that while IQ was a significant predictor of reading
comprehension, processing speed, and listening comprehension in both groups, in
the reading-disabled group, it also predicted decoding. This last result implies a
greater importance of nonverbal intelligence in predicting reading ability in
reading-disabled children.

Comparisons of correlations between reading and 1Q and reading and other
cognitive and processing abilities reveal striking similarities. Swanson et al. (2003)
meta-analyzed 35 studies in order to examine correlations between various
cognitive and processing abilities on the one hand and both word recognition and
reading comprehension on the other. They found that the magnitude of the
correlations between word reading and such abilities as phonological awareness,

rapid automatized naming, vocabulary, and memory was in the same range as that
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of the correlations between word reading and IQ (i.e., around .40). The correlation
between IQ and reading comprehension was even higher, with r = .65. Similar
findings were reported by Hammill (2004), who analyzed the combined results of
three meta-analyses examining the validity of a variety of ability measures in
predicting reading achievement both concurrently and longitudinally. In all,
Hammill reviewed 452 studies and analyzed 10,754 coefficients to identify 10
ability clusters. His results showed that all non-print-related abilities (e.g.,
phonological awareness, RAN, and memory) correlated with reading to the same
degree as did intelligence, a finding suggesting that all these abilities may be
components of general developmental maturity and may simply represent different
aspects of general intelligence. This conclusion would be consistent with Turner’s
(1997) observation that “most reading problems are caused by low intelligence” (p.
37).

In summary, it appears that in young children, IQ is at least moderately
correlated with both decoding skills and reading comprehension and that the
magnitude of these correlations is comparable to that of correlations between
reading and other processing and cognitive abilities. It is important to acknowledge,
however, the rather controversial nature of the concept of IQ as well as the widely-
held belief in the field that no current IQ test can accurately measure intelligence as
intellectual potential or predict future achievement in any valid sense (Fletcher,
Coulter, Reschly, & Vaughn, 2004; Stanovich, 1991). Thus, the term IQ (or

nonverbal ability) as discussed in this study does not refer to intelligence as
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intellectual potential or aptitude for learning; rather, 1Q test scores are used here as
a “gross measure of current cognitive functioning” (Stanovich, p. 10), which to

some degree reflects past learning.

Teaching Reading in Russian Schools

Education in Russia is compulsory and free of charge to all school-age
children. Russian parents have the option of sending their children to school at age
six or seven and many send their children to preschool until age seven.

According to the guidelines adopted by the Russian Ministry of Education
for Russian language arts instruction in mainstream public schools (Alekseenko et
al., 2003), the elementary school program in Russian language arts includes three
elements: literacy instruction, literature reading, and instruction in the formal
structure of the Russian language. The goal is to develop children’s speech and to
teach children to read fluently and meaningfully. Emphasis is placed on achieving
high reading speed without enunciating the text. This is achieved by teaching
children to appreciate letter-sound correspondences; to read smoothly, first
syllable-by-syllable, then in whole words; and to understand rules of grammar.
Literacy is taught for the first six to eight months of first grade and is then replaced
by Russian language arts, which is taught through ninth grade. Reading is taught in
a separate class, from first to fourth grade, and is then replaced by literature and

composition.
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The traditional course in literacy is phonics based (Grigorenko, 2003).
Children receive instruction in the practical and theoretical aspects of phonetics,
morphology, orthography, and grammar and acquire specific skills that enable them
to decode words. Phonetics is taught through explanations of such concepts as
sounds, speech organs, vowels, consonants, voiced versus voiceless sounds, hard
versus soft sounds, stress position, and letter-sound correspondence. These
concepts are taught explicitly and are covered thoroughly in textbooks. Exercises
aimed at developing metalinguistic skills such as breaking up a word into
component sounds or recognizing letters and the sound each letter represents are an
integral part of literacy instruction. Morphology is taught by explaining parts of
speech (e.g., nouns, verbs), word parts (e.g., prefixes, suffixes), and rules for word
building. Orthography is taught through the introduction of the main principles of
Russian orthography and rules of grammar.

Like all other classes, Russian language and reading classes last 45 minutes
and usually begin with the teacher instructing children on what to do. According to
a summary in Thurlow, Liu, Albus, and Shyyan (2003), activities in Russian
language classes in first and second grades include analyzing the phonological
structure of words and syllables; segmenting and blending syllables and phonemes;
breaking up sentences into words, words into syllables, and syllables into sounds;
determining the order of phonemes in a word; determining the relationship between
sounds; determining the number of syllables and phonemes in a word; finding

specific phonemes in a word; representing sounds with letters; and putting together
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syllables and words. Thus, right from the start Russian children are explicitly
taught phonological awareness as well as the basic concepts associated with it.

Activities in reading classes (e.g., Thurlow et al., 2003) include reading
aloud, retelling, writing, reciting, and working with written text. Children learn to
divide a written text into logical parts, locate essential information in the text,
identify the author’s communicative goal and message, understand the main idea of
the text, explain the means used by the author to communicate his or her ideas,
retell the text without omissions, ask and answer questions related to the text, and
analyze the text stylistically. Other activities often used in reading classes include
making up a story for a set of pictures that has a logical development, talking about
one’s own experiences analogous to those described in the story, explaining
puzzles, and reciting poems. At the end of first grade, children start reading
classical literature including the works of Leo Tolstoi, Aleksander Pushkin, and
Ivan Bunin.

Besides reading and writing, first-grade children learn many fundamental
concepts that underlie language and reading. For example, children learn that
language is a means of communication and thought, that reading is a form of
communication and a process of understanding written speech involving the author
and the reader who act in accordance with their goals, and that there is a difference
between literary language and colloquial speech.

By the end of first grade, children are expected to know all letters and

sounds as well as the difference between letters and sounds. They are expected to
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be able to segment words into sounds, determine the order of phonemes in a word,
and understand the difference between vowels and consonants; name soft and hard
consonants in words and know how to represent them in writing; know how to use
vowels to represent soft consonants; and be able to determine the placement of
main stress in a word (Alekseenko et al., 2003). Because smooth and fluent reading
is considered the main goal of teaching reading, reading speed is used as the main
criterion of achievement in reading assessment. Reading progress is measured three
times a year by having a child read a previously unseen passage under timed
conditions and then comparing the child’s reading rate per minute against reading
norms (Kobozeva, Department of Education, Moscow, January 2007, personal
communication). By the end of first grade, children are expected to read at a rate of
30 words per minute or higher and demonstrate smooth syllabic reading with
elements of whole-word reading with appropriate pauses and intonation
(Alekseenko et al.). Recently some methodologists have suggested the use of other
criteria of reading achievement in addition to reading speed, including correctness,
distinctiveness, and comprehension (Korneyeva, 2000, as cited in Thurlow et al.,
2003); however, it is unclear to what extent these criteria have been incorporated

into assessment procedures at individual schools.

Russian Research on Literacy
Russian research on literacy has a long history beginning with the

pioneering work of Daniil Elkonin in the 1960s (e.g., Elkonin, 1973). A student of
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Lev Vygotsky, Elkonin was the first Russian psychologist to observe the crucial
role of phonological awareness in children’s reading development and to create
activities to booster its development (the famous “Elkonin boxes”). Since then
Russian psychologists and educators have produced a substantial body of literacy-
related research (e.g., Chernyavskaya, 2000; Grushevskaya, 1982; Kornev, 1995;
Kreschenko, 2003; Ogarkina, 2002; Velichenkova, 2002; see also Boldyreva &
Inshakova, 2004; Inshakova, 2004; Lalaeva, 2004 for a review) and have advanced
a number of interesting theories of reading development and dyslexia (see, for
example, Tsvetkova, 1997, for a review of theories about the neuropsychological
underpinnings of reading and reading disability).

However, Russian research in this area as well as more generally in
psychology and education has several characteristics that differentiate it from
psychological and educational research in the West. The main differences concern
the basic approaches to scientific investigation, the definitions of key concepts, the
areas of focus, the methods of assessment, and the overall quality of scholarship.
These differences make it difficult to place Russian findings in the context of

international research.

General Approaches to Research
Russian scholars working in psychology and related fields have traditionally
followed a different approach to scientific inquiry, which is rooted in the work of

Luria, Vygotsky, and other prominent Soviet psychologists. The Russian approach
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is qualitative in nature, derived from clinical observations in neurology and clinical
psychology, and oriented toward single-case study (Glozman, 1999). As such, it
stands in stark contrast to the strong psychometric tradition in North American
psychology and education, which emphasizes standardized assessment, the use of
statistical procedures, and the study of groups (Tupper, 1999).

When applied to the study of literacy and dyslexia, the Russian approach
affects both the choice of the target population and the focus of the research.
Whereas much of the English-based literature on literacy is based on
epidemiological studies with large, representative samples (Snowling, 2000),
Russian research in this area has been limited to clinical groups, with the inevitable
consequence of sampling bias. The focus of this clinically-oriented work has been
on the localization of brain functions and the identification of links in the functional
system (Akhutina, 2003) through behavioral observation rather than on the
determination of correlates and predictors of literacy achievement through
psychometric measurement, which is one of the main directions of literacy research
in the West.

More specifically, many Russian studies of literacy development (e.g.,
Akhutina, 2002; Ogarkina, 2002; Velichenkova, 2002) attempt to connect “certain
peculiarities” (i.e., errors, Inshakova, 2004, p. 174) in children’s writing, reading,
and speech with individual differences in the composition of higher psychological
functions and lateral brain organization, which these peculiarities are assumed to

reflect (for more on the current approaches in Russia to identifying children with
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dyslexia see Inshakova, 2004). This is, for example, how Inshakova describes the
causes of writing problems in one group of children with the prevalence of a
particular type of speech and spelling errors: “Disturbances of a right hemispheric
strategy...prevail when disorders occur with left hemispheric information
processing strategy. This allows us to presume that the peculiarities of speech and
specific writing and reading disorders of such children are due to right hemispheric
differences” (p. 175).

Although this approach presents an interesting alternative to the
measurement-based approaches adopted in the West, its usefulness in
contemporary literacy research may be limited for several reasons. First, the
predominant focus on error analysis in Russian studies appears to be inconsistent
with recent findings from both transparent and opaque orthographies showing that
many so-called “dyslexic” errors such as letter reversal are a normal feature of
reading development (e.g., see Snowling, 2000, for English; Nikolopoulos et al.,
2003, for Greek). This inconsistency has also been noted by some Russian
psychologists (e.g., Kornev, 2006).

Second, because of the uniquely “qualitative flavor” (Tupper, 1999, p. 4) of
Lurian assessment procedures, this approach may be poorly suited for the study of
groups, which requires the generation of objective, quantifiable data. Recent
attempts to adapt Lurian assessments for use with groups (e.g., Akhutina, 2002) are
difficult to evaluate as group characteristics are still typically discussed within a

qualitative framework. Third, most neuropsychological assessment methods used to
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study literacy development were originally designed for the clinical evaluation of
patients with serious brain pathology and it is unclear to what degree these methods
may be applicable to the study of normal development. Finally, many Russian
assessment methods are based on models of cognitive functioning that were
postulated by Russian scientists half a century ago, in an era without MRI and other
brain visualization techniques and so far, there have been no attempts to update

these models with recent findings from neuroimaging research.

Definitions and Areas of Focus

An important difference between Russian research and the English-based
literature concerns terminology. In Russia, reading and writing are studied
separately and two different terms are used to refer to problems in each of these
areas, the term dyslexia, which denotes reading problems, and the term dysgraphia,
which is used to describe writing difficulties. In the English literature, in contrast,
spelling problems are often treated as another symptom of reading disability, and
the term dyslexia usually incorporates both reading and spelling difficulties.
Further, whereas in the U.S. and many other Western countries dyslexia has been
defined both conceptually and operationally, in Russia, there seem to be no clear
guidelines for distinguishing between specific reading disability and reading
disability in the context of more general learning problems (so-called reading
backwardness) either in clinical or educational settings. For practical as well as

research purposes, all disabled readers are termed dyslexic, regardless of whether
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their problems stem from speech, visual, motor, or more global cognitive
impairments. Yet the question of pseudo-dyslexia is an important one as children
with reading difficulties stemming from more global cognitive deficits (often
referred to as garden-variety poor readers) may require different diagnostic
procedures. This is because performance on many achievement tests including
phonological tests is affected, at least in part, by the general ability factor (Frith,
2002) and diagnosing phonological or processing deficits in the presence of low 1Q
may be difficult. Garden-variety poor readers also appear to respond to reading
intervention much better than do truly dyslexic children (Snowling, 2000).

It is also possible for certain disorders to co-occur with dyslexia. For
example, Snowling (2000) described two developmental disorders, attention deficit
hyperactivity disorder and developmental coordination disorder, which may co-
occur with dyslexia, modifying its manifestations. These disorders can cause
difficulties in literacy acquisition that are distinct from dyslexia.

The lack of clear definitions and diagnostic criteria for dyslexia is
particularly regrettable given the predominance of the neuropsychological
perspective on reading difficulties in Russia, a perspective that embraces a medical
approach to the study and diagnosis of learning disabilities. On the other hand, the
neuropsychological approach itself, with its emphasis on qualitative differences,
may preclude the development of an effective definition of dyslexia because there
appear to be no qualitative diagnostic symptoms of dyslexia, only quantitative ones,

and there may be no qualitative differences between normal readers and readers
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with dyslexia (Bruck, 1988; see also Singleton, 2002, Stanovich, 2000, for a
review).

Writing development and disorders are accorded much more attention in
Russian research than reading development. In fact, most Russian literacy research
appears to center on the study of writing and dysgraphia. This is probably because
of the widespread belief that writing difficulties are much more common in Russian
children than reading ones, a belief that has recently received some empirical
confirmation. For example, Inshakova (2004) cites a study of 186 Russian first
graders in which the incidence of reading disability was estimated at 10% while the
incidence of writing disability was 21%. The greater incidence of writing
difficulties over reading ones is perhaps unsurprising given that Russian
orthography is transparent for reading but inconsistent for writing (Hamilton, 1980).

Perhaps due to the popularity of clinical models of development as a
paradigm for research in developmental and educational psychology, Russian
researchers working in these areas appear to be more interested in pathological
rather than normal development. This is reflected in the almost exclusive focus of
Russian studies on children with learning disabilities and on ways of remediation.
In fact, research on normal development represents a relatively new line of inquiry
in contemporary psychology and neuropsychology (Glozman, 1999), and attempts

to establish benchmarks for normal functioning are just starting to emerge.
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Assessment

Traditionally, psychological assessment in Russia has taken two forms:
clinical, as a qualitative, process-oriented analysis of—typically—a single clinical
case, and criterion-referenced, as a comparison of student achievement against
some predetermined—and often arbitrary—cut-point. In literacy development, the
former is reserved for assessing abnormal development whereas the latter is used to
track students’ progress. For example, at the end of first grade, children are
expected to demonstrate fluent passage reading at a rate of 30 words per minute
(Alekseenko et al., 2003). This is tested by having a child read a previously unseen
passage and calculating the child’s reading rate. Those consistently failing to reach
“the norm” may be referred for clinical assessment to determine the extent and
causes of their reading difficulty. The problem with this approach, however, is that
the norms appear to be rather arbitrary and are not based on any standardized
procedure. As a result, good and poor reading can only be defined in qualitative
terms, as reading above or below the norm.

Recently Russian psychologists have started to develop standardized,
culture-appropriate tests for evaluating both achievement and cognitive
performance, and a number of testing instruments have been published (e.g.,
Akimova & Kozlova, 2006; Kornev, 1995; Ratanova, 2005). However, most of
these instruments have been standardized on small and unrepresentative groups of
children from one or two big cities and many lack such important information as

reliability and validity data. In discrepancy-based dyslexia assessment, many
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psychologists continue to rely on the Wechsler Intelligence Scale for Children
(Philimonenko & Timofeev, 2001) which was developed in 1949 and modified for

use with Russian children in 1973, or more than 35 years ago.

Quality of Scholarship

During the years of communism, Russian psychology like most other areas
of science served the needs of political ideology, reflecting through its theories and
models the communist belief system. Research articles of that time had a strongly
propagandistic tone (Halpern, 1999). Many Soviet scientists intentionally avoided
Western sources and concepts, and therefore drifted apart from international
research. The collapse of the Soviet Union ended the political isolation. However,
17 years on, the Russian scientific community remains as isolated from world
science as it has ever been. Several reasons account for this continued isolation
including a lack of financial means, language problems, and a newly emerging anti-
Americanism, which has led to a widespread aversion to Western scientific culture
(Schiermeier, 2007, p. 527). However, the biggest problems concern factors that are
intrinsic to science itself—the overall quality of research, the standards of
scholarship, and the principles of specialist training in Russia.

In Russia, there currently seems to be no generally recognized system of

research evaluation and no proper peer review (“What scientists say,” 2007). Many
Russian scientists publish in in-house publications (e.g., university bulletins or

working papers published by research organizations) and there is no effective
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mechanism to control the quality of what is published. As one Russian physicist
has put it in an interview with Nature, in Russia, “[t]here is no well defined
procedure to distinguish really good science from pure trash” (“What scientists
say,” p. 529). The notion of peer review is still not accepted by many Russian
scientists (“Time,” 2007, p. 507), and the idea that scientific reputations should
depend on publication lists is often considered incompatible with true science.

The lack of a quality control mechanism in Russian science is not accidental.
Russian research institutions are funded by the government through a non-
competitive scheme, and the amount of funds allocated to a particular research
institute does not appear to depend on the output or performance. Similarly,
scientific careers in Russia do not depend on results to the same extent as they do in
the West and there is little motivation for Russian scientists to produce research. In
fact, according to a database of the scientific productivity of Russian scientists
compiled through efforts funded by the Russian Foundation for Basic Research,
fewer than one-eighth of all scientists in Russia publish at least one paper a year
(Schiermeier, 2007, p. 525). Russia’s record of international publications remains
particularly bleak as many Russian scientists do not appear to consider international

expertise an important attribute of quality science.’

% For example, in their studies of basic word processing in Russian adults
reading in a second language, Wade-Wooley (1999) and Abu-Rabia (2001) were
unable to cite a single empirical work on Russian word recognition. My own search
of several international databases (e.g., ERIC, Academic Search Primer) did not
produce any results. Russian researchers also appear to rely predominantly on
domestic sources. For example, an examination of 15 recent articles randomly
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Low output of high-quality, international-level research may be particularly
characteristic of fields such as psychology and education, which have historically
been treated in Russia as purely pedagogical disciplines’ and which have never
enjoyed—unlike defense-related fields—generous funding. These disciplines are
heavily rooted in Marxist philosophy, materialism, and social-cultural theory and
have traditionally emphasized ideology. Until recently, specialist training in these
areas was limited to Russian theories of learning and non-quantitative
methodologies including literature analysis, experiential reporting, and, in some
areas, clinical observation. Western psychological and pedagogical theories as well
as preparation in quantitative methods, research design, measurement theory, and
statistics were not part of the curriculum. Today the situation is changing and many
universities have started offering courses in research methods and statistics as part
of their training programs in psychology (Russian Ministry of Education, 2000).
However, several years will have to pass before a new generation of psychologists
capable of producing systematic, international-level research will emerge in Russia.

At this time, there is a clear dearth of reliable, scholarly research on literacy
development in Russia. For example, in a comprehensive review of the literature on

early literacy instruction in several different languages compiled by the National

selected from a leading Russian journal in psychology, Issues in Psychology,
revealed that on average, foreign citations accounted for only about 10% of all
sources.

7 Russia did not have a separate PhD degree in psychology until the late
1960s, and psychologists were trained within graduate programs in education.
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Center on Educational Outcomes (Thurlow et al., 2003), the authors found only one
report of original research conducted in Russia between 1987 and 2000. By
comparison, the same review identified 33 empirical studies of reading conducted
in China in the same period.

My own extensive search of Russian literature yielded similar results. Using
the keywords reading, writing, disorders, dyslexia, cognitive, and comprehension, 1
searched three Russian online databases: the database of the Russian Dyslexia
Association (RAD) (www.dyslexia.org.ru), the database of a leading Russian
journal in psychology, Issues in Psychology (www.voppsy.ru), and the database of
Pedagogical Library (www.pedlib.ru), an online resource for scholars that provides
access to full-text journal articles, books, and dissertations in child psychology and
education. Altogether the four databases contained well over 5,000 sources on
various topics in education and psychology, covering a 20-year period. Sixty-nine
potentially relevant sources were identified; however, only four turned out to be
empirical works. A close examination of these studies revealed significant
methodological and statistical shortcomings in study design and analysis including
comparing the performance of groups using different tests, combining clinical and
non-clinical populations in one group, using single tests of ability, and failing to

control for confounding variables such as 1Q.
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Statement of the Problem

In all languages, the ability to read depends on a number of cognitive and
linguistic abilities that reflect the processing of spoken words. First and foremost,
these include phonological (and especially phoneme) awareness, phonological
recoding in lexical access, and verbal short-term memory—abilities that underline
the importance of phonology in learning to read. In addition, reading ability
(particularly reading comprehension) is influenced by general intelligence and
broader language skills such as vocabulary knowledge and listening comprehension.

Yet reading is also a cultural phenomenon as it necessitates the learning of a
code of symbols that members of a given culture use to represent speech. This code
reflects not only the structural properties of the language for which it developed but
also the historical forces that have shaped its development and the influences of
other languages on the phonology, morphology, and grammar of the language it
represents. As an activity that draws upon an individual’s ability to process this
culturally determined code, reading is necessarily affected by language-specific
factors including the phonological structure of the language, the transparency of the
orthography, and the type of information processing required by the particular
orthography. These factors appear to influence the ease and speed of reading
acquisition such that children learning to read a consistent orthography acquire the
alphabetic principle much faster and more easily than do children learning to read
an inconsistent orthography. They also affect the choice of strategies readers use in

word processing, introducing qualitative differences into reading acquisition across
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languages. For example, individuals reading more consistent orthographies have
been shown to rely almost exclusively on serial, letter-by-letter decoding, whereas
persons reading inconsistent orthographies are forced to supplement decoding with
processing at the level of syllables, rhymes, and whole words. Furthermore,
language-specific factors appear to influence the manifestation of reading disability
as well as the degree of impairment that such a disability imposes on the sufferer,
making some languages more “dyslexia-friendly” (Frith, 2002) than others.

The role of language-specific factors in the development of the reading
system has several important implications. First, it underscores the importance of
developing language-specific models of reading and reading disability that can
accommodate the specific features of a given language. Second, language-specific
factors make it inappropriate to disentangle research findings from the specific
language context in which they were obtained, rendering such findings largely non-
generalizable across languages. Third, the extent to which specific cognitive
abilities can be useful in predicting reading achievement appears to depend on the
features of the particular language, especially its orthography. These features may
also affect the underlying structure of some of these cognitive abilities (e.g.,
phonological awareness) as well as the usefulness of the specific tasks used to
measure them.

Literacy research in the Russian language has a long history. However,
Russian research in this area has been distinct from international research in its

approaches to scientific investigation, the areas of focus, and the terminology and
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methods of assessment used. These differences make it difficult to place Russian
findings in the context of international research on literacy. Russian research also
appears to be limited to the study of abnormal development and literacy disorders,
particularly dysgraphia, while the normal course of reading development remains
largely unexplored. More specifically, there have been no attempts to determine,
through systematic statistical investigation, the relative importance of various
cognitive and linguistic factors to reading acquisition in the Russian language as
well as to clarify to what extent Russian readers are similar to those in other
languages. This knowledge is crucial to the construction of predictive models of
reading in the Russian language and the development of appropriate assessment
tools.

The purpose of this study is to explore a specific set of concurrent cognitive
predictors of reading ability in a group of Russian-speaking beginning readers.
Specifically, I examined the relative influence of phonological awareness, rapid
naming, verbal short-term memory, and 1Q in the prediction of decoding accuracy
and decoding rate in Russian in order to identify the strongest independent
predictors and to determine to what extent these predictors are similar to those that
have been identified in other languages. A second purpose is to examine the
structure of phonological awareness in the Russian language in order to clarify the
hierarchy of difficulty of linguistically and cognitively diverse tasks and determine
whether they form a single variable. A third purpose of this study is to test the

power of the Simple View of reading in Russian by examining whether linguistic
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comprehension abilities (i.e., listening comprehension and vocabulary)
significantly add to the prediction of reading comprehension after differences
among children in 1Q have been statistically eliminated and whether decoding skill
contributes any significant variance to the prediction over and above that
contributed by IQ and linguistic measures.

A fourth purpose of this study is to examine the cognitive and linguistic
skills of the top and bottom readers in the sample in order to determine the largest
sources of difference. For this purpose, the sample will be split into two groups
using decoding rate as a criterion, and the groups will be compared on IQ,
phonological awareness, listening comprehension, vocabulary, and reading
comprehension. The children will then be classified as good and poor readers based
on their scores on the five predictors. The final purpose of this study is to examine
the cognitive, linguistic, and reading profile of the poorest readers in the sample in
order to identify their relative strengths and weaknesses.

The following research questions have been formulated.

1. a. What is the size of the overall relationship between decoding accuracy
and the set of phonological awareness, verbal short-term memory, rapid
automatized naming, and IQ in beginning Russian readers? b. How much of
the relationship is contributed uniquely by each predictor?

2. a. What is the size of the overall relationship between decoding rate and the

set of phonological awareness, verbal short-term memory, rapid
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automatized naming rate, and IQ in beginning Russian readers? b. How
much of the relationship is contributed uniquely by each predictor?

Do rhyme and phoneme detection, phoneme segmentation, and phoneme
deletion tasks tap the same underlying ability in the Russian language?
How accurately can reading comprehension be predicted from (a) 1Q, (b)
listening comprehension and vocabulary over and above IQ, (c¢) decoding
rate over and above IQ, listening comprehension, and vocabulary, and (d)
the combination of IQ, listening comprehension, vocabulary, and decoding
rate?

a. To what degree are there differences between good and poor readers in
the population on linear combinations of 1Q, phonological awareness,
listening comprehension, vocabulary, and reading comprehension? b. Can
the children in the sample be correctly classified as good and poor readers
based on their scores on the five predictor variables?

. What is the cognitive, linguistic, and reading profile of the poorest readers

in the sample?
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CHAPTER 3

METHODS

Participants

Seventy-nine first- and second-grade Russian children participated in the
study. There were 26 first graders and 53 second graders. The two groups of
children were comparable in age, socio-economic status, and reading level because
they were separated by only a three-month summer break. City-wide reading norms
for both exiting first graders and entering second graders are equivalent, and public
schools in Russia do not typically offer summer school programs, so most children
do not take any classes in the summer. All the participants spoke Russian as their
native tongue.

The children came from four intact classes® in three public elementary
schools, each in a different school district in Moscow. All the first graders (n = 26)
and some of the second graders (n = 16) came from the same school; the rest of the
second graders came from two different schools (n = 12 and n = 25, respectively).
There were 47 boys (15 first graders and 32 second graders) and 32 girls (11 first
graders and 21 second graders). There were more boys than girls in the sample
because many girls in the classes tested turned out to be non-native Russian

speakers and were therefore excluded from the study. All the children had normal

*In each class, 10-30% of the children were non-native speakers of Russian
and/or did not speak Russian at home. These children were excluded from the study.
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hearing; none appeared to have any neurological or emotional problems. The
children ranged in age from 80 to 117 months; the average age of the first graders
was 92 months and that of the second graders was 96 months. Such a range is not
uncommon in Russian schools as Russian parents have a choice of sending their
children to school at the age of six or seven.

The schools were selected because they were deemed to be ordinary
Moscow public schools and because I had access to them. All three used the same
academic curriculum and taught the same subjects, with an equal number of hours
dedicated to reading and writing instruction and with an equal number of classes
per day held between 8:30 and 12:00. Reading instruction was uniform across the
participating schools, and all three used the same textbooks in Russian language
and Reading classes. The schools represented a lower-middle to upper-middle
socioeconomic class population. This was determined in consultation with the
principals of the schools based on the children’s records.

The goals, design, and procedure of the study were explained to the
principals of the participating schools and the homeroom teachers of the classes
tested and their consent to conduct the study was obtained. The teachers then
informed the parents and obtained their verbal consent. In Russia, it is unusual for a
parent to refuse participation in testing organized or consented to by the school;

there were no refusals to participate.
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Instrumentation
The testing battery consisted of 15 tests: five phonological tests, a nonword
repetition test, a forward digit span test, two RAN tests, a word reading test, a
nonword reading test, a vocabulary test, a listening comprehension test, a reading
comprehension test, and a test of nonverbal ability (see Appendix P for the original
battery in Russian). All tests except vocabulary and nonverbal ability were
specifically designed for this study; commercially available tests were used to

measure vocabulary and nonverbal ability. The tests are described below.

Phonological Awareness
Five phonological tests were used in this study: Four assessed different aspects of
phonemic awareness and one assessed rhyme awareness (see Appendices A-E).
The tests were based on Adams’s (1990) hierarchy of task difficulty and were
modeled after those commonly described in the reading acquisition literature (e.g.,
see de Jong & van der Leij, 2003; Gottardo, 2002; Muter & Snowling, 1998; Yopp,
1988, for some common tests of phonological awareness). The tests were designed
based on feature analysis of the sounds constituting test items so that all commonly
occurring places and manners of articulation of Russian consonants and all
locations of Russian vowels were represented (Hamilton, 1980). Wherever real
words were used, they were selected from first- and second-grade Russian language
textbooks (Kubasova, 2003, 2005; Zelenina & Khokhlova, 2004) to ensure their

familiarity to the children. Prior to testing, the tests were piloted on a small group
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of Russian-speaking children (three native speakers and three non-native speakers)
to ensure clarity of instructions and word familiarity. The stimuli were presented
orally by the same examiner to all the children. Each test was preceded by one
example and one or two practice trials. The items in each test were scored as either
correct or incorrect. The five tests were combined to create a composite measure of
phonological awareness, and interval-level ability measures were derived for each

child using Rasch analysis (see Analyses).

Rhyme Detection

The rhyme detection test (see Appendix A) tapped the children’s sensitivity to
rhyme. The children were presented with a set of three words, two of which
rhymed and one of which did not, and asked to identify the non-rhyming word. The
test consisted of 18 sets of high-frequency monosyllabic words with the following
structures: CVC (six sets), CCVC (six sets), and CVCC (six sets). The rhyming
words differed from each other in the initial phoneme only; the non-rhyming word
differed from the rhyming ones in the initial phoneme and either in the vowel (nine
items) or in the final consonant (nine items). The non-rhyming word was placed
randomly in the first, second, or third position in each set. The children received the
following instructions: “Listen as I say three words. Two of them sound similar, but

the third one does not. Tell me which one sounds different from the other two.”
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Initial Oddity

The initial oddity test (see Appendix B) measured the children’s ability to isolate
initial sounds in spoken words. The children listened to three words in a set and
selected the word that began with a different sound from the other two. All words
were common nouns and all began with a consonant. There were five sets of CVC
words and five sets of CCVC words. The words in each set did not rhyme, and the
CCVC words began with a different cluster. The “odd” word was placed randomly
in the first, second, or third position. The children received the following
instructions: “Listen as I say three words. Two of them start with the same sound,
but the third one starts with a different one. Tell me which one starts with a

different sound.”

Final Oddity

The final oddity test (see Appendix C) measured the children’s ability to isolate
final sounds in spoken words. The children listened to three words in a set and
selected the word that ended with a different sound from the other two. All words
were common nouns and all began with a consonant. There were five sets of CVC
words and five sets of CVCC words. The words in each set differed in the initial
phoneme and the vowel; the CVCC words also differed in the final cluster. The
“odd” word was placed randomly in the first, second, or third position in each set.

The children received the following instructions: “Listen as I say three words. Two
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of them end with the same sound, but the third one ends with a different one. Tell

me which word ends with a different sound.”

Phoneme Segmentation

A tapping task was used to assess phonemic segmentation skills (see Appendix D).
The child was given a blunt pencil and asked to segment a spoken word into its
component phonemes by tapping out the number of phonemes in the word. The
examiner counted the taps. The test had 13 items: three each of CVC, CCVC,
CCVCC, and CCCVC items, and one CCCVCC item. All were monosyllabic
nonwords that conformed to Russian pronunciation rules. The nonwords were used
to minimize the use of orthographic knowledge to assist phonemic segmentation
(Nation & Hulme, 1997). The following instructions were given for the test: “I am
going to say some made-up words. Listen and when I finish saying a word, tap out

the number of sounds in it.”

Phoneme Deletion

In the phoneme deletion test (see Appendix E), the children were presented with
nonwords and were asked to take away a specified sound from each nonword and
to say the new word.” The resulting words were all real, high-frequency words

commonly found in first- and second-grade textbooks and likely to be familiar to

? In English, such tasks are typically presented in the following format:
“What word would be left if /f/ were taken away from fice?”” The correct response
is ice.
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Russian-speaking children. Nonwords were used to control for possible effects of
lexical familiarity (Gottardo, 2002). The test included 12 monosyllabic nonwords,
four of which required the deletion of an initial phoneme (two CVC and two CCVC
items), four the deletion of a final phoneme (two CCVC and two CVCC items), and
four the deletion of a phoneme in the middle (two CVC and two CVCC items).
Four nonwords required the deletion of a consonant followed by a vowel and eight
required the deletion of a consonant from a consonant cluster. The following
instructions were given for the test: “I’m going to say some made-up words and I
want you to drop a particular sound from each word. I’ll tell you which one. And
then I want you to say the new word. For example, if I say “nutocs” [shlos’] and

ask you to drop the “ur” [sh], what will be left?”

Eliminated Tests

Originally, the phonological battery included two more tests that are typically used
in studies of phonological awareness, a test of initial phoneme identification (IPI),
in which a child is presented with a picture of a familiar object and is asked to say
the first sound of the object’s name, and a test of phoneme blending (PB), in which
a child is asked to blend separately presented sounds into words. These tests were
eliminated after piloting: The IPI test was confusing to the children, who tended to
name letters rather than sounds, and the PB test was too easy, with ceiling effects

even for the non-native speakers.
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Verbal Short-Term Memory
Two tests were used to assess the short-term retention of speech-based information,
a nonword repetition test and a forward digit span test (see Appendices F and G).
The tests were preceded by an example and a practice trial. The items in each test
were scored as either correct or incorrect. The two tests were combined to create a
composite measure of verbal short-term memory, and interval-level ability

measures were derived for each child using Rasch analysis (see Analyses).

Nonword Repetition

The nonword repetition test (see Appendix F) was modeled after those described in
Gottardo (2002) and Wade-Wooley (1999). The children were asked to repeat 24
nonwords with progressively more difficult sound structures. The nonwords began
at one syllable and ended at four syllables and were presented in order of increasing
difficulty. To obtain a better measure of short-term retention of verbal information,
the nonwords were constructed based on English nonwords (Muter & Snowling,
1998) so as to minimize their likeness to real words and were modified to
accommodate Russian pronunciation. There were six each of one-, two-, three-, and
four-syllable nonwords. The stimuli were presented in a clear, monotone voice and
were not repeated. The children received the following instructions: “I’m going to
say some made-up words. Listen carefully and after I finish saying a word, repeat it

as best as you can.”
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Forward Digit Span

The forward digit span test (see Appendix G) was modeled after Turner’s Digit
Memory Test (Turner & Ridsdale, 2004). The children were asked to repeat digit
sequences that increased from 2 to 9 digits. In Russian, digits 2, 3, 5, 6, and 7 are
monosyllabic; digits 1, 8, and 9 are bi-syllabic; and digit 4 is tri-syllabic. All the
digits were used in the test to avoid the repetition of digits within longer sequences.
The test had two trials at each digit sequence length. Digits were presented orally in
an even monotone at the rate of one digit per second. The test was discontinued
after a child had failed both trials of a digit sequence. The following instructions
were given: “Listen carefully as I say some numbers. They will get longer and

longer. Repeat each number as best as you can.”

Rapid Automatized Naming
Two RAN tests were used to assess the speed of processing required to retrieve
lexical items: object naming and digit naming. The tests were modeled after those
described in Wolf, Bowers, and Biddle (2000). The scores on the two measures
were combined to create a composite measure of rapid naming. The composite
measure was also transformed into an items-per-minute measure (RAN rate) for

comparison with decoding rate.
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RAN-Object

In the RAN-object test (see Appendix H), the children were shown color pictures of
five common objects and asked to name them as fast as possible. The five objects
were a chair, a bone, a ball, an umbrella, and a cake. The pictures were arranged in
random order in a 10 x 5 array on a single page. All words were monosyllabic and
all began with a different consonant. One had a CCVC structure, one had a CVC
structure, and three had a CVCC structure. Before the administration of the test,
two practice trials were given. The first trial introduced the five objects and the
child was asked to name them. In the event of difficulty, I provided the target word.
The second trial consisted of two lines with the five objects each and introduced the
child to the rapid naming procedure. After the second trial, the child proceeded to
complete the task. The time used to name the stimuli was measured with a

stopwatch. The test was scored as the total naming time in seconds.

RAN-Digit

The RAN-digit test (see Appendix I) was identical to the RAN-Object test except
that digits were used instead of pictures of objects. The following five digits were
used: 2, 3, 5, 6, and 7. These digits were selected because they are represented by
monosyllabic words in Russian. The instructions and administration procedure

were the same as in the object-naming test.
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Decoding Ability
Two tests were constructed to measure decoding ability, a word reading test and a
nonword reading test. The stimuli for these tests came from six Russian textbooks
approved and recommended for use in public schools by the Ministry of Education
of the Russian Federation. The textbooks were Literature Reading, Grade 1
(Kubasova, 2003), Literature Reading, Grade 2, Part 1 (Kubasova, 2005),
Literature Reading, Grade 3, Part 1 (Kubasova, 2004), Russian Language, Grade
1 (Zelenina & Khokhlova, 2004), Russian Language, Grade 2, Part 1 (Ramzaeva,

2005a), and Russian Language, Grade 2, Part 2 (Ramzaeva, 2005b).

Word Reading

The word reading test (see Appendix J) measured word decoding ability.
Four word lists were prepared with a total of 50 words. Single words were used
rather than a passage to eliminate context effects in order to obtain a purer measure
of decoding ability (Aaron & Joshi, 1992). The words were randomly selected from
a larger pool of 472 words compiled by sampling several Russian Language and
Literature Reading textbooks for Grades 1-3 (see above). All the words were high-
frequency and were likely to be familiar to first- and second-grade children. List 1
contained 20 words; there were five each of one-, two-, three-, and four-syllable
words. The one- and two-syllable words were morphologically simple, consisting
of a root or a root and an ending. The three-and four-syllable words were

morphologically complex and contained derivational morphemes. Lists 2 and 3
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were made up of words taken from a special section in the Literature Reading
textbooks for Grades 2 and 3 that teaches children to recognize orthographically
complex Russian words by sight, using a whole-word strategy. All words in this
section are presented in pairs—a morphologically simple word (i.e., consisting of
just a root) and a morphologically complex word derived from the simple one by
adding various suffixes and/or prefixes. List 2 contained ten morphologically
simple words—five consisting of one syllable and five consisting of two syllables,
and List 3 contained ten morphologically complex words—five consisting of three
syllables and five consisting of four syllables—all of which were derivatives of the
words on List 2. List 4 contained ten morphologically complex words taken from
the Syllable Reading section in the Literature Reading textbooks. This section
teaches children to decode difficult Russian words syllable by syllable. There were
five three-syllable and five four-syllable words on this list.

Four stimulus cards were prepared, one for each word list. The words were
type-written in 20-point font, double-spaced, numbered, and arranged in rows, with
two words per row. The children were given the cards one at a time, and were
asked to read the words on each card as quickly as they could and without errors.

Two measures, reading speed and reading accuracy, were taken separately
for each list. Reading speed was measured with a stopwatch; reading accuracy was
marked by assigning a score of 1 for a correctly read word and a score of O for an
incorrectly read word. Errors were defined as repetition, substitution, deletion, or

addition of one or more sounds or syllables in a word; reversal of letters or
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syllables in a word; and semantic substitution (e.g., reading office for official). The
placement of the main stress on the wrong syllable was also considered an error.

Self-corrections were accepted as correct answers.

Nonword Reading

The nonword reading test (see Appendix K) measured nonword decoding
ability. In the developmental literature, it is considered a more basic measure of
decoding than word reading tests (Snowling, 2000). Two lists of nonwords were
prepared. List 1 contained 24 nonwords that were visually dissimilar to real words.
There were six one-syllable words created by changing the last consonant in real
one-syllable words; six two-syllable words created by transposing the syllables in
real two-syllable words with CV and CVC syllable structures; six three-syllable
words created by transposing the last two syllables in real three-syllable words; and
six four-syllable words created by slightly modifying English nonwords. The real
words on which the one-, two-, and three-syllable nonwords were based were taken
from three textbooks, Grade 1 Russian Language (Zelenina & Khokhlova, 2004),
Grade 1 Literature Reading (Kubasova, 2003), and Grade 2 Literature Reading
(Kubasova, 2005). The four-syllable nonwords were taken from the nonword
repetition test in Muter and Snowling (1998) and modified to accommodate
Russian pronunciation. Prior to inclusion in the list, the nonwords were shown to a
small group of native Russian speakers to verify their pronounceability, conformity

to Russian spelling patters, and dissimilarity to real words.
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List 2 contained 24 nonwords that were visually similar to real words.
These nonwords were created by changing the stressed vowel in common Russian
words taken from the Russian Language and Literature Reading textbooks for
Grades 1 and 2. There were six each of one-, two-, three-, and four-syllable
nonwords. Prior to inclusion in the list, the nonwords were shown to a small group
of native Russian speakers to verify their pronounceability, conformity to Russian
spelling patters, and similarity to real words.

Two stimulus cards were prepared, one for each list. The words were type-
written in 20-point font, double-spaced, numbered, and arranged in rows, with two
words per row. The words were presented as made-up words. The children were
given the cards one at a time and were asked to read the words on each card as
quickly as they could and without errors.

Two measures were taken separately for each list, reading speed and
reading accuracy. Reading speed was measured with a stopwatch; reading accuracy
was marked by assigning a score of 1 for a correctly read item and a score of O for
an incorrectly read item. Errors were defined as repetition, substitution, deletion, or
addition of one or more sounds or syllables in a word; reversal of letters or
syllables in a word; and substitution of a target nonword with a real word. Self-

corrections were accepted as correct answers.
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Combined Measure of Decoding

Previous researchers (e.g., Nation & Snowling, 2004; Stanovich et al.,
1984) have sometimes treated word and nonword reading as measures of different
abilities (i.e., word recognition vs. grapheme-phoneme decoding) and even used
nonword reading to predict word reading. In this study, however, the two measures
were hypothesized to reflect one underlying ability because the children were
beginning readers, who were unlikely to be visually familiar with many of the more
complex items on the word reading test. Because Russian orthography is
transparent for reading, the reading mechanism for these unfamiliar words should
be identical to that for nonwords, i.e., decoding. In this sense, the difference
between reading words and reading nonwords boils down to that between reading
visually familiar and visually unfamiliar words. Perhaps for this reason, combining
word and nonword reading has been an acceptable strategy in languages with
transparent orthographies such as Dutch (de Jong & van der Leij, 2002) or German
(Wagner et al., 1997).

To verify whether the two tests did indeed measure the same construct,
Rasch analyses were conducted with the word reading test and the word reading
and nonword reading tests combined and intercorrelations were computed between
word reading rate, nonword reading rate, and the combined decoding (i.e., word

and nonword reading) rate. The results are reported in the Analyses Chapter.
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Reading Comprehension

The reading comprehension test (see Appendix L for the original test and
Appendix N for the English translation) was designed using the following
procedure. First, all short (i.e., half a page or less) stories from Grade 1 and Grade 2
Reading and Russian Language textbooks (Kubasova, 2003, 2005; Ramzaeva,
2005a, 2005b; Zelenina & Khokhlova, 2004) were entered into a computer file.
This resulted in 28 stories. The stories were then analyzed using three readability
indices: number of words per text, grade level (i.e., GL, the number of years of
formal education needed to easily understand the text on first reading), and reading
ease (RE). Five short stories were selected; they were written at a grade level of
1.0-2.6 and had a high reading ease score: text 1, 27 words, GL 1.0, RE 100; text 2,
39 words, GL 1.4, RE 100; text 3, 32 words, GL 1.7, RE 100; text 4, 54 words, GL
1.8., RE 98.6; text 5, 29 words, GL 2.6, RE 98 .4.

The stories were arranged in the order of difficulty from the simplest to the
most difficult using grade level as a criterion. They were titled Story 1, Story 2, and
so on to avoid giving any hints about the content. Each story was printed in a 14-
point font on an A-4 sheet of paper. For each story, 2-4 questions covering both
main ideas and additional information were written. In all, there were 16 questions;
eight required literal comprehension and recall of information and eight required
making interpretations or drawing inferences by analyzing relationships, reflecting

on the overall meaning of the story, or using world knowledge.
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The stories were presented on a separate sheet of paper and the children
were asked to read them aloud. If a child made a mistake (e.g., mispronounced or
omitted a word), it was corrected immediately by the examiner. Each story was
followed by the questions, which were presented orally. The children were not
allowed to see the story when answering the questions. All answers were tape-
recorded and later transcribed verbatim. The transcripts were double-checked by a
research assistant for correct entry. A holistic scoring scheme was developed (see
Table 1), and answers were scored independently by two raters. The inter-rater
reliability was 98%. The scores were then transformed into Rasch person ability

logits (see the Analyses Chapter).

Table 1. Reading and Listening Comprehension Scoring Guide

Score Criteria

2 Response is accurate and complete showing adequate understanding of the
story. Inferences about characters and/or events are logical and are based
on the information in the story. Sentences are well formed and vocabulary
is appropriate. Response is based solely on the information in the story.

1 Response is accurate but incomplete: It shows an overall understanding of
the story but omits some information. Inferences about characters and/or
events are generally logical but may be far-fetched. Sentences are generally
well formed but may contain grammar and vocabulary errors. Response
may include information not mentioned in the story.

0 Response is irrelevant or wrong or there is no response even after several
prompts. Response shows little or no understanding of the story and/or
includes mostly irrelevant information. Inferences are irrelevant or wrong.
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Linguistic Abilities
Listening Comprehension

The listening comprehension test (see Appendix M for the original test and
Appendix O for the English translation) was developed using the same text pool
and the same procedure as those used in the construction of the Reading
Comprehension (RC) test. The five texts selected for this test were similar to those
selected for the RC test in all three readability statistics: text 1, 33 words, GL 1.0,
RE 100; text 2, 28 words, GL 1.4, RE 100; text 3, 27 words, GL 1.7, RE 100; text
4,78 words, GL 1.5, RE 100; text 5, 29 words, GL 2.6, RE 98.4. Each story was
followed by 2-4 questions covering main ideas and additional information. There
were 16 questions; eight required literal comprehension and recall of information
including details and eight required making interpretations or drawing inferences
by analyzing relationships, reflecting on the overall meaning of the story, or using
world knowledge.

The stories were presented orally, and the children were instructed to listen
and to answer the questions. Answers were tape-recorded and later transcribed
verbatim; the transcripts were double-checked for correct entry by a research
assistant. The test was scored using the same scoring scheme as the one developed
for the RC test (see Table 1). A preliminary analysis of the test revealed that one
item (Question 13) did not lend itself to partial credit scoring. This item asked for a
specific person’s name and could only be scored either “correct” or “incorrect.”

This item was deleted from the test. Answers to the reaming 15 questions were
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scored independently by two raters. The inter-rater reliability was 98%. The scores

were then transformed into Rasch person ability logits (see the Analyses Chapter).

Vocabulary Knowledge

Expressive vocabulary was assessed using the Vocabulary Subtest of the
Wechsler Intelligence Scale for Children (WISC), Russian version (Philimonenko
& Timofeev, 2001). The test consisted of 40 progressively more difficult
vocabulary items that the child was asked to define. There were 33 nouns, three
verbs, and four adjectives on the test. Although the testing manual includes norms
for Russian children, a decision was made to use raw scores rather than the
provided norms for the following reasons.

First, according to the manual of the Russian version (Philimonenko &
Timofeev, 2001), the original test was translated and adapted for use in Russia in
1973, or more than 35 years ago. Since then the test has not been re-evaluated or re-
normed. Second, it appears that the test has never been formally standardized on a
representative group of Russian children and that the U.S. norms are used instead.
The use of these norms is explained in the manual on the grounds of a 1973 study
by Panasyuk, who assessed the reliability of the Russian version of the WISC by
administering it to a group of mentally retarded children aged 6-13 (n = 67) and a
group of controls of the same age. The obtained results, according to the manual,
showed that “the scores of the normal children were entirely within the norms

suggested by D. Wechsler [and that] the results obtained for the normal and for the
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retarded children differed statistically significantly (p < 0.001) on both the separate
subtests and on the full test” (p. 10). The authors of the Russian manual concluded
that, “the equivalence of the original test and the adapted version of the WISC...can
thus be considered established and the use of D. Wechsler’s norms justified” (p.
11). However, such an equating procedure does not constitute a substitute for
standardization and can hardly justify the use of the U.S. norms for Russian
children. Finally, although not stated explicitly in the manual, it appears that the
U.S. norms used in the Russian version are those obtained during the original
standardization in 1949.

At the beginning of the test, the children were given the following
instructions: “I’'m going to say some words and I want you to tell me what each
word means,” which was followed by the question “Could you explain what [a
bicycle] is?” This question was used for all test items. If a child did not answer
within about 10 seconds, the question was repeated and, in case of no response,
followed by additional questions (e.g., What can you say about...? Can you
describe...?). All answers were tape-recorded for verification. Testing was
discontinued after four consecutive failures.

The test was scored as described in the Russian manual (pp. 30-31), using
suggested responses as a guide. First, each response was assigned either a (+) (i.e.,
the target word is familiar to the child) or a (-) (i.e., the target word is unfamiliar to
the child). Answers assessed as (-) were awarded O points. Answers assessed as (+)

were awarded either 1 or 2 points using the following criteria: Answers giving a
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precise definition of the target word or a close synonym were awarded 2 points,
whereas answers giving a correct but incomplete definition, a description of certain
features of the target word, or an example demonstrating understanding of the
target word without an accurate definition were awarded 1 point. This way, partial
credit could be awarded for partly accurate or accurate but incomplete answers.
Several words on the test had two meanings. In these cases, all meanings were
accepted as correct regardless of the suggested answers in the manual. Two raters
scored the test. The inter-rater reliability was 97%. Disagreements were resolved
through discussion and by comparing the definition in question against that given
in a Russian language dictionary (Ozhegov & Shvedova, 2003). The raw scores

were transformed into Rasch person ability logits (see the Analyses Chapter).

Nonverbal Ability

The Matrices Subtest of the Kaufman Brief Intelligence Test, 2" ed. (KBIT-
2, Kaufman & Kaufman, 2004) was used as a measure of nonverbal ability.
According to the manual, the Matrices subtest measures a person’s ability to use
nonverbal reasoning to solve novel problems. This 46-item nonverbal measure is
composed of several types of visual stimuli, some of which are concrete (e.g.,
people, flowers) and others abstract (e.g., symbols). All items require an
understanding of the relationships among the stimuli, and all are multiple-choice,
requiring the examinee either to point to the correct response or to say its letter. To

minimize chance guessing, each item includes at least five response options and
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many include six. The test consists of three sections, each preceded by a trial item.
For the easiest items, the child selects one of five pictures that goes best with a
stimulus picture (e.g., a car goes with a truck). For the next set of items, the child
chooses one of six pictures that best completes a 2 x 2 visual analogy (e.g., a carrot
goes with a rabbit). The remaining items involve abstract stimuli and require the
child to solve a 2 x 2 or 3 x 3 matrix. Many items also require that the child keep
several relationships in mind simultaneously. According to the test manual, the
Matrices Subtest is appropriate for non-English speaking populations and its
directions may be presented in a foreign language.

The test was administered in accordance with the guidelines described in
the manual. Children were instructed to point to the picture they thought
represented the correct answer. Testing was discontinued after four consecutive
failures. Raw scores were transformed into Rasch person ability logits (see the

Analyses Chapter).

Procedures
The second graders were tested in the first two weeks of September, right
after the beginning of the school year; the first graders were tested in the last two
weeks of May, right before the end of the same school year. This was done to
ensure the comparability of the children. The children were tested at their
respective schools in quiet rooms during school hours. All children were tested

individually in two sessions, each lasting approximately 45 minutes. Most of the
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children were tested in two consecutive sessions on the same day with a 20-minute
break between the sessions. A small number of children were tested over two days
because they had to leave early and could not finish all the tests. The children were
rewarded for participation with pencils.

Every effort was made to ensure that the testing sessions were not
interrupted and that the children were not distracted. Unfortunately, avoiding
distractions and interruptions was not always possible. For example, testing was
occasionally interrupted by the bell ringing, or by teachers coming in and asking
questions. Also, some children had to be tested during a recess, when the noise
level was higher than during class time. In these cases, if the examiner felt that the
child may have been distracted by something in the environment, the question was
repeated. If a child was interrupted while performing a speeded task, the task was
re-administered.

I and a research assistant administered the tests. A different research
assistant was used at each school, but all were qualified professionals with some
training in psychology. The children were sent to the testing room by their
homeroom teacher, one at a time. Administration of the test battery was preceded
by questions about the child’s favorite subject and friends to put the child at ease. I
then told the child that I was at the school to learn what elementary school children
knew about sounds and how well they could read and that over the next two hours,
we would play word games, read, listen to stories, and look at pictures. I asked the

child to let me know if he/she wanted to take a break. An overwhelming majority

129



of the children were very enthusiastic about the testing and appeared happy to
participate. Many asked questions about the testing and made comments about the

tests. A few children appeared to be overly shy; in these cases, an effort was made

to establish rapport with the child. There were no uncooperative children.

Table 2. The Testing Battery

Block Test and number of items Scoring
Phonological Awareness = Rhyme detection, 18 Rasch ability logits
Initial oddity, 10 Rasch ability logits
Final oddity, 10 Rasch ability logits
Phoneme segmentation, 13 Rasch ability logits
Phoneme deletion, 12 Rasch ability logits
Short-Term Memory Nonword repetition, 24 Rasch ability logits
Forward digit span, 16 Rasch ability logits
RAN RAN-object, 50 Naming speed
RAN-digit, 50 Naming speed
Word Reading Word lists 1-4, 50 Speed & Rasch ability
logits
Nonword Reading Nonword lists 1 & 2, 48 Speed & Rasch ability
logits
Reading Comprehension ~ Reading Comprehension, 16 ~ Rasch ability logits
Listening Comprehension Listening Comprehension, 16  Rasch ability logits
Vocabulary Vocabulary Subtest, WISC, Rasch ability logits
Russian version, 40
Nonverbal Ability Matrices Subtest, KBIT-2, 46  Rasch ability logits

Note. KBIT-2 = Kaufman Brief Intelligence Test, 2" ed. (Kaufman & Kaufman,
2004); WISC = Wechsler Intelligence Scale for Children (Philimonenko &

Timofeev, 2001).

Prior to testing, all tests were divided into nine blocks (Table 2). The

Phonological Awareness, Short-Term Memory, RAN, Word Reading, Nonword
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Reading, and Listening Comprehension blocks were administered by me; the
Reading Comprehension, Vocabulary, and IQ blocks were administered by one of
the research assistants. Thus, tests that required that participants analyzed orally
presented stimuli were always administered by the same person and under the same
voice conditions.

The blocks were administered in the same fixed order to all the children.
The Phonological Awareness block was administered first, followed by the Short-
Term Memory, RAN, Word Reading, Nonword Reading, Listening
Comprehension, 1Q, Vocabulary, and Reading Comprehension blocks. This order
made most sense from the point of view of sustaining the child’s interest and
motivation because it enabled the examiners to alternate tests requiring a lot of
cognitive effort and concentration (e.g., phonological awareness tests) with those
that were seemingly easy and fun (e.g., RAN and IQ tests). The tests in the
Phonological Awareness block were administered in the following order, which
was hypothesized to reflect test difficulty from easier to more difficult: rhyme
detection, initial oddity, final oddity, phoneme segmentation, and phoneme
deletion. In the Short-Term Memory block, the nonword repetition test was
administered first, followed by the digit span test. In the RAN block, RAN-object
was administered first, followed by RAN-digit. The order of the items on the
phonological tests was randomized; the items on all the other tests were

administered in a fixed order that reflected a hypothesized continuum of difficulty.
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The 1Q and vocabulary tests were discontinued after four consecutive failures; all
the other tests were administered in full regardless of the child’s performance.
Some of the tests appeared to be rather difficult conceptually for some of
the children; these children required more detailed explanations and demonstration.
The items on the phonological awareness tests as well as the questions on the
reading comprehension, listening comprehension, and vocabulary tests were

repeated as needed. The items on the memory tests were never repeated.
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CHAPTER 4

ANALYSES

Analyses were conducted in five steps. First, the reading tests were examined
separately and as a combined measure to determine whether they tapped the same
underlying ability and could therefore be used as a single measure. Second, seven
variables were constructed using Rasch analysis for the cognitive, linguistic, and
decoding abilities for which dichotomous or partial credit data were collected.
These variables were Phonological Awareness, Short-Term Memory, Decoding
Accuracy, Listening Comprehension, Reading Comprehension, Vocabulary, and
Nonverbal Ability. Rasch analysis was also used in this step to answer Research
Question 3. Third, the assumptions of multivariate analyses were assessed through
SPSS FREQUENCIES and SPSS DISCRIMINANT and necessary adjustments
were made (see pp. 173-176). Multiple regression analyses were then performed to
answer Research Questions 1, 2, and 4, and direct discriminant function analyses
were performed to answer Research Question 5. Finally, the children’s z-scores on
the reading measures were examined to identify the poorest readers in the sample in

order to investigate their cognitive and linguistic abilities.

Decoding Measures
To verify that the reading tests used in this study measured the same

construct and could be combined, Rasch analyses were conducted with the word
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reading test and the word reading and nonword reading tests combined. Accuracy
data were used in these analyses. The results of the principal components analysis
of standardized residuals for word reading and for the combined measure were
similar: The amount of variance explained by the Rasch measure was 50.4% for
word reading and 50.9% for the combined measure. Item reliabilities were also
comparable, .81 for word reading and .84 for the combined measure; person
reliability was significantly higher for the combined measure (.86 vs. .60). There
were slightly more misfitting items on the combined measure (three vs. one on
word reading using the .5-1.7 range for acceptable fit), but the error estimates were
lower for the combined measure than for word reading. Therefore, the combined
measure was used in the main analyses.

The reading speed and accuracy data were also converted into three items-
per-minute measures, word reading rate (WRATE), nonword reading rate
(NRATE), and combined decoding rate (DRATE), by dividing the number of items
read correctly by the total reading speed on the respective test and multiplying the
result by 60. The Pearson correlations between DRATE and NRATE and DRATE
and WRATE were virtually identical, .94 and .93, respectively. The correlation
between WRATE and NRATE was somewhat lower, but still acceptable at r = .76.

Therefore, the combined measure of decoding rate was used in the main analyses.
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Latent Variable Construction: Rasch Analysis

The Rasch model (one-parameter logistic model) is a mathematical
probability model that provides a practical way to construct linear item calibrations
and person measures from ordinal observations (Wright & Stone, 1979) and to
investigate the dimensionality of the constructed variables (Smith, 1996). The
Rasch model is based on two assumptions: (a) that a more able person has a higher
probability of success on any item, and (b) that any person has a higher probability
of success on an easy item than on a difficult one (Lunz, Stahl, & Wright, 1996). A
key feature of the Rasch measurement model is the requirement of
unidimensionality, or that a testing instrument measure only one underlying
construct. This requirement is tested by the principal components analysis of item
residuals and by the item fit statistics, which indicate how well each item in a test
fits within the underlying construct (Linacre, 2006).

There are many advantages to using the Rasch model over classical test
theory (see, for example, Smith, 2003, pp. 1-11, for a summary). First, the Rasch
model transforms ordinal-level data to log odd ratios (logits) and places persons
and items on an interval scale in a common metric so that the numeric distances
between the items on a test and persons in the sample become the actual differences
in the level of ability that the test is designed to measure. It also frees the estimates
of item and person measures from the distributional properties of test and sample
parameters, creating scientifically objective, interval-level measures of ability,

which is a prerequisite for conducting parametric statistical analyses.
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Second, by estimating the difficulty and discrimination capability of
different items and by calibrating the magnitude of differences among test items,
Rasch analysis makes it possible to visualize a continuum of construct development
and to measure individuals along this continuum. Item-person maps are used to
determine how well a test represents the construct and to identify areas for
improvement.

Third, the Rasch model makes it possible to detect any aberrant responses in
the data (resulting, for example, from carelessness or guessing) and to evaluate the
impact of these responses on the person measures. This is done by comparing
persons’ expected responses with the observed ones and testing the fit of each item
and person to the model.

Furthermore, the Rasch model is an effective means for validating the
dimensionality of instruments. This is done by performing a principal components
analysis of standardized residuals to determine whether the items share any other
construct besides the one being measured and by assessing the fit of the item- and
person-level data to the measurement model to identify values that depart
significantly from those expected by the model. Simulation studies (e.g., Smith &
Miao, 1994) have demonstrated that in assessing the dimensionality of a testing
instrument designed to produce a unidimensional measure (i.e., in which the
majority of items are expected to load on one factor and in which any secondary
factor is expected to be highly correlated with the primary factor), Rasch analysis

performs better than traditional factor analytic techniques. This finding has led
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some researchers (e.g., Smith & Miao) to conclude that when the goal is to create a
unidimensional instrument, the Rasch approach is preferable to the traditional

factor analytic techniques.

Measurement Models

Two Rasch models were used in the analyses. The models are described below.

Dichotomous Model
In the dichotomous model, the Rasch parameters, item difficulty and person ability,
are estimated from the pass-versus-fail proportions for each item and each person
(Bond & Fox, 2001). The model is written as follows:

log(Pyi1 /Pyio) = B, — D;
where B, is the ability level (B) of person n, D is an item’s (i) difficulty level, P,;;
is the probability of person n responding correctly (1) to item i, and P, 1s the
probability of the same person responding incorrectly (0) to item i. Thus, the model
specifies the relationship between item difficulty and person ability as well as the
probability of a correct response to an item by a given person. Item calibration is
achieved by identifying each item’s location along a latent dimension being
measured and the item’s location with respect to other items. Both person and item
parameters are estimated on the common logit scale. The dichotomous model was
used in this study to construct four variables: Phonological Awareness, Short-Term

Memory, Decoding Accuracy, and Nonverbal Ability.
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Fartial Credit Model
The partial credit model was developed by Masters (1982) for use with responses
that can be categorized into several ordered categories. This model identifies
several intermediate levels of success on items and assigns partial credit for
reaching each of these levels. In doing so, it provides a set of individual threshold
(k) parameters for each item. This model differs from the dichotomous Rasch
model in that it contains more than one transition from one category to the next
(Bode, 2004). The model is written as follows (Bond & Fox, 2001):

log(Pygi/1— Pyy) = B, — Dy,
where B, is the ability level (B) of person n, D is an item’s (i) difficulty level at
threshold k, and F,;;, is the probability of person n responding correctly to item i at
threshold k. In this model, responses to an item are classified into ordered
categories, with higher-numbered categories representing more of the underlying
latent trait measured by the item (Morrison, 1996). This model was used in this
study to construct three variables: Listening Comprehension, Reading

Comprehension, and Vocabulary.

Analysis Procedures
Rasch analyses were performed using WINSTEPS Version 3.64.2 (Linacre,
2006). The cognitive, linguistic, and decoding measures for which dichotomous or
partial credit data were obtained were assumed to reflect seven latent variables:

Phonological Awareness (PHAW), Short-Term Memory (STM), Decoding
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Accuracy (DACC), Listening Comprehension (LISCOM), Reading Comprehension
(READCOM), Vocabulary (VOC), and Nonverbal Ability (IQ). PHAW was
represented by the five phonological tests, rhyme detection, initial oddity, final
oddity, phoneme segmentation, and phoneme deletion; STM was represented by
the two short-term memory tests, nonword repetition and forward digit span;
DACC was represented by the accuracy measures on the two reading tests, word
reading and nonword reading; LISCOM was represented by the listening
comprehension test; READCOM was represented by the reading comprehension
test; VOC was represented by the Vocabulary Subtest of the WISC (Philimonenko
& Timofeev, 2001); and IQ was represented by the Matrices Subtest of the KBIT-2
(Kaufman & Kaufman, 2004). The obtained scores were rescaled into CHIPS
(Linacre, 2006) for SPSS analyses so that all values were positive. In this
transformation, 1 logit = 4.55 CHIPS.

Item difficulty and person ability estimates were derived and the
hypothetical structure of the constructed variables was examined using Rasch
output tables, diagnostic tools, and item-person maps. A three-step procedure was
employed to assess dimensionality, as suggested by Linacre (2006). First, the
output was examined for negative point-measure correlations for obvious off-
dimension behavior. Second, idiosyncratic response patterns were diagnosed using
fit statistics and misfitting items and persons were inspected to determine possible

causes of the misfit and decide on the best course of action. A principal
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components analysis without rotation of standardized residuals was then performed
to detect departures from the unidimensionality requirement.

Finally, the items in the PHAW test were examined to identify a hierarchy
of item difficulty. The items were hypothesized to form a continuum reflecting
Adams’ (1990) hierarchy of difficulty, from the cognitively easier rhyme detection
items to the more cognitively demanding initial and final oddity, phoneme
segmentation, and, finally, phoneme deletion items. Additionally, three predictions
were made regarding item difficulty: (a) Items with a simpler syllable structure
were expected to be easier than items with a more complex syllable structure; (b)
items involving the manipulation of single sounds were expected to be easier than
items involving the manipulation of sound clusters (i.e., consonant blends); and (c)
items requiring the processing of rhymes were expected to be easier than those

requiring the processing of phonemes.

Reliability
The Rasch model provides several estimates of reliability for both persons
and items. The person reliability estimate, R,, (or person separation reliability) is
analogous in interpretation to Cronbach alpha, the conventional index of internal
consistency (Sheridan & Puhl, 1996, p. 26). In the Rasch model, R, is the
percentage of observed variance that is reproducible (i.e., that is not due to
measurement error), and it indicates how well the persons in the sample can be

differentiated on the measured variable (Lunz et al., 1996, p. 104). Another
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estimate of test reliability is the person separation index, &, which shows the
spread of persons on the measured variable in terms of units of the measurement
error of the scale scores. Mathematically, G, is estimated as the adjusted person
standard deviation divided by the average measurement error, which is defined as
“that part of the total variance that is not accounted for by the Rasch model” (Bond
& Fox, p. 207). Larger values represent higher reliability.

Similarly, item separation reliability R; and item separation index G; are
estimates of the reliability of the ordering of items along the measured variable and
the replicability of item placement within the hierarchy of items across other
samples (Fox & Jones, 1998, p. 36). These indices indicate how adequately the
items define the construct under investigation. Acceptable values for Rasch
reliability indices are similar to those for Cronbach alpha, with values above .90
being excellent, values between .80 and .90 being very good, and values between
.70 and .80 being moderately good.

In this study, item and person separation indices were further transformed
into strata statistics, H, and H;, using the following formula (Bond & Fox, 2001, p.
207): H= (4G + 1)/3. This was done to separate the persons and items into
statistically distinct person ability and item difficulty strata using three standard
errors to define each stratum.

The Rasch reliability, separation, and strata indices are shown in Table 3.
All the item separation reliabilities are in the .81-.98 range (and many are in the
high .90s range), indicating that the items in each instrument create a well-defined
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variable (Smith, 2003). Most of the person separation reliabilities are somewhat
lower, but are still in the acceptable range, with most values being good or very
good. These values indicate that the created scales discriminate between the
persons well. The only exception is LISCOM (R = .64), which had the smallest
number of items (n = 15). The ordering of persons on this test is clearly not as
reliable as the ordering of persons on the other tests. The Rasch separation indices
follow a similar pattern, with person indices being lower than item indices. Here,
person separation indices range from a low of 1.34 for the LISCOM variable to a
high of 3.17 for the IQ variable, and item separation indices range from 2.10 for the

DACC variable to 6.44 for the IQ variable.

Table 3. Reliability, Separation, and Strata Indices for the Constructed Variables

Variable R, (. H, R G H;

Phonological awareness .88 2.73 3.97 .93 3.65 5.20
Short-term memory .80 2.00 3.00 .97 5.80 8.06
Decoding accuracy .85 2.39 3.52 .81 2.10 3.13
Listening comprehension .64 1.34 1.78 .97 5.29 7.05
Reading comprehension .76 1.76 2.68 .94 4.06 5.74
Vocabulary .19 1.95 2.93 95 4.52 6.36
Nonverbal ability (IQ) 91 3.17 4.56 .98 6.44 8.92

Note. Ry = person reliability; Gz= person separation index; R;= item reliability; G; =
item separation index; H, = person strata; H;= item strata. The values reported are

“real” values (i.e., the estimated standard errors of measurement have been adjusted
for any misfit in the data, Smith, 2003) obtained with extreme persons and items
excluded.
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The strata indices in Table 3 indicate the number of person ability strata
defined in the sample and the number of item difficulty strata defined in the
constructed variables. For person measures, these indices show that depending on
the variable, between approximately two and five statistically different strata of
ability can be distinguished among the children. For item measures, the strata
indices range from approximately three to nine. These high values imply the
existence of a large number of statistically distinct areas of difficulty within the

hierarchy of items making up each variable.

Item-Person Maps
Figures 2-8 are item-person maps showing the distribution of all the items and
persons on the seven constructed variables on the same unidimensional scale. The
variables are laid out vertically with the most able persons and most difficult items
at the top. The left-hand side locates the person ability measures along each
variable. The right-hand side locates the item difficulty measures along each
variable. The vertical axis is expressed in CHIPS (1 logit =4.55 CHIPS). Each #
represents two persons; each “.” and “x” represent one person. The figures are

explained below.

Phonological Awareness
Figure 2 is the item-person map showing the distribution of all the item and

person Rasch-scale values on the Phonological Awareness variable. The map

143



Persons Items

More able persons Harder items
+
\
\
70 +
\
T
|  MOCT-BOCK-pPOCT
# | T ny6-m06-3y0
CHEREE
60 # S+ OyHT-mapk-TU(T DOPT-MAPT-COPT
#### | MapT-PHUCK-TIOJIK COPT-MyCK-OMHT
#H##4444 | S MOT-3y0-IIMT MOCT-KH3Hb-0AHT MCOJBT BCIOJb

JIBEPb-XBOPb-3BEPh
OpOBB-CPOK-KPOBb

CH## M| map-Kup-KykK 3BYK-KIEH-Kpai CIPUKC BeCTh-KOCTh-TOCTh
TEHb-IIeJIb-1EHb
MBLJI-ITHI-OWII

L###H#H## | OBIT-MEI-BOJ CTYN-OpPAT-CIIOH IITPYM CTPaH OPHHT
.### | Tych-map-moT COp-MIMT-ChIH OPOK TBEHb MOTh KPYH BHAaK
Yac-map-xap
# IUPK-BOCK-JIECTH IUIET YaKC OpaT-rpaa-Mpak

BHYK-Bpar-¢uioT pucK-mucK-JucT
CHET-CBaT-3BOH TacT THIM PyM 4ad cior-0Jiok-¢uioT
IOJI-KOJI-MeJI
| S KJIacc-KpyT-ABOP pak-phICh-J1eB MOH /a() CUK KIHH-OIMH-CJI0H
OMHT-BHHT-30HT
JIOCK-BOCK-NIOCT
Yac-pUC-KOHbB JIEB-POB-AAJIb TOJ-POT-COH

50 ### S+M KHHC HOJBYb IBEPK CIOMI APYT-KpyT-0paKk
\
\
\

## T

\

40 + MUK
|  COK-IIyK-Bap
| T JIOCB-TIyK-caj
\
\
\

30 +

Less able persons  Easier items

Note. For the rhyme detection, initial oddity, final oddity, and phoneme deletion
items, the correct response is highlighted. M = mean, S=1 SD, T =2 SD.

Figure 2. Item-person map of phonological awareness.

shows the developmental nature of phonological awareness in Russian, with some
tasks being more difficult than others. The item calibrations range from 36.4 to
65.6 CHIPS, spanning more than five strata; the person measures range from 44.2

to 72.9 CHIPS, spanning almost four strata. Such a large span indicates that a
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variable ranging from more phonological awareness to less phonological awareness
was clearly defined.

The test appears to be too easy for this sample, with the mean person ability
being almost 1 SD above the mean item difficulty and with 21 out of 63 items (or
one-third of the test) being more than 2 SD lower on the CHIPS scale than the
mean ability of the children in the sample. The item-person map shows one small
gap in the variable definition, between item RD6 (63.6 CHIPS) and item RD14
(60.5 CHIPS). This gap occurs where 11 of the children are located indicating that
differentiation in phonological awareness is somewhat inadequate at this higher
level of ability. The figure also shows a considerable redundancy of items, with
many items sharing the same difficulty estimate with at least one other item. Most
of these items cluster around the mean person ability and 2 SD below the mean

person ability.

Short-Term Memory

Figure 3 is the item-person map showing the distribution of item and person
Rasch-scale values on the Short-Term Memory variable. The item calibrations
range from 24.8 to 84.2 CHIPS, spanning more than eight strata; the person
measures range from 40.7 to 77.3 CHIPS, spanning three strata. This span indicates
that a variable ranging from more short-term memory to less short-term memory

was clearly defined.
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Figure 3. Item-person map of short-term memory.
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When the distribution of the sample is compared with the distribution of the
items, it is clear that this sample has somewhat more of the STM construct than the
mean ability level defined by the items on the test. This is evident in the distance
between the two means, which shows that, with the exception of the longest letter
and digit sequences, the test is rather easy for this sample. The item-person map
also shows two small gaps in places where many persons are located: One between
item NR23 (60.9 CHIPS) and item NR16 (57.3 CHIPS) and the other between item
NR20 (51.2 CHIPS) and item NR18 (47.2 CHIPS). These gaps occur slightly above
and below the mean person ability level, indicating somewhat inadequate
differentiation at this level. The figure also shows a considerable redundancy of
items, with 14 items being at least 2 SD below, and five items being more than 2

SD above, the mean person ability.

Decoding Accuracy

Figure 4 is the item-person map showing the distribution of item and person
Rasch-scale values on the Decoding Accuracy variable. The item calibrations range
from 32.2 to 61.2 CHIPS, spanning more than three strata; the person measures
range from 47.6 to 73.2 CHIPS, spanning more than three and a half strata. This
span indicates that a variable ranging from more decoding accuracy to less

decoding accuracy was clearly defined.
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Figure 4. Item-person map of decoding accuracy.
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The map shows that the mean for the person measures (left side) is located
much higher than the mean for the item calibrations (right side). This test is clearly
too easy for this sample: Twenty-seven out of 98 items, or 27.5%, have difficulty
estimates below the lowest person ability estimate. In fact, the map shows a floor
effect problem on the test: The lower end of the scale has many more items than the
middle part, whereas the higher end has no items at all. The mean of item difficulty
is located 2 SD below the mean of person ability and the most difficult item, a four-
syllable nonword with three complex consonant clusters, is located just above the
mean person ability level. Overall, the map indicates that the children in the sample
found decoding even long and phonologically complex words a relatively easy
task. The map also shows a considerable redundancy of items, as many items share

a similar difficulty estimate with at least one other item.

Listening Comprehension

Figure 5 shows the distribution of item and person Rasch-scale values on
the Listening Comprehension variable, which has three levels of performance:
complete success (a score of 2), partial success (a score of 1), and failure (a score of
0). The item calibrations range from 41.7 to 57.4 CHIPS, spanning more than seven
strata; the person measures range from 41.4 to 59.1 CHIPS, spanning almost two
strata. This span indicates that a variable ranging from more listening

comprehension to less listening comprehension was clearly defined.
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The item map shows a good match between the test and the sample. The
mean of person measures (51.2) is close to the mean of item calibrations (50.0), and
most persons are well aligned with the items along the CHIPS scale. There is,
however, a small gap in coverage just above the item mean where a relatively large
number of children are located. This gap indicates that the test may not be

measuring the ability of some of the children as precisely as that of others.

Persons Items
More able persons Harder items
60 +T
T
# | Story3Ql &Q3
.#### SIS Story 4 Q3; Story 5 Q3; Story 3 Q2
BRSO
CH###H#F M| Story 1 Q1
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#H##H#E#44 S| Story 4 Q2; Story 5 Q2 & Q4; Story 1 Q2
<
T|S Story2Ql
## | Story 2 Q3; Story 4 Q1
| Story 4 Q4
40 +T
Less able persons  Easier items

Note. Q = question, M =mean, S =1 SD, T =2 SD. The stories are in Appendix M.

Figure 5. Item-person map of listening comprehension.

Reading Comprehension

Figure 6 is the item-person map showing the distribution of item and person
Rasch-scale values on the Reading Comprehension variable, which has three levels
of performance: complete success (a score of 2), partial success (a score of 1), and
failure (a score of 0). The item calibrations range from 30.8 to 58.2 CHIPS,

spanning almost three strata; the person measures range from 32.5 to 65.2 CHIPS,
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spanning almost six strata. Such a large span indicates that a variable ranging from
more reading comprehension to less reading comprehension was clearly defined.

The item map shows some mismatch between the test and the sample: The
mean of item calibrations (50.0) is located approximately 1 SD below the mean of
person measures (54.1). The test is clearly easy for this sample, although it does
capture a significant number of children in the middle-ability range. There are also
no items in the high-ability range, which indicates that the test may not be

measuring high-ability children precisely.
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Note. Q = question, M =mean, S =1 SD, T =2 SD. The stories are in Appendix L.

Figure 6. Item-person map of reading comprehension.
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Nonverbal Ability

Figure 7 is the item-person map showing the distribution of item and person
Rasch-scale values on the IQ variable. The item calibrations range from 16.1 to
82.1 CHIPS, spanning more than four and a half strata; the person measures range
from 28.8 to 68.1 CHIPS, spanning nine strata. Such a large span indicates that a
variable ranging from more nonverbal ability to less nonverbal ability was clearly
defined.

The item map shows a good match between the test and the sample. The
mean of person measures is very close to the mean of item calibrations and most
persons are located within 1 SD of the mean item difficulty. However, gaps in the
coverage of the CHIPS scale are apparent in four places, between items 12 and 17
(6.5 CHIPS), between items 16 and 17 (4.8 CHIPS), between items 31 and 32 (3.8
CHIPS), and between items 31 and 36 (3.5 CHIPS). Although these gaps are not
very large, they appear in places where many children are located indicating that
the precision of person ability estimates is not optimal for some of the children. The
figure also shows redundant items at the lowest and highest ends of the scale: Items
1 through 8 are too easy and items 38 and 41 through 46 are too difficult for this
sample. The bottom items in particular show a clear floor effect; these items
(together with item 9) constitute the easiest section of the Matrices test used to
operationalize IQ. In fact, the authors recommend that this section be skipped with
older children. The item map confirms that these items are not useful for use with

Russian children of age seven and up.
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Figure 7. Item-person map of nonverbal ability.
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Vocabulary

Figure 8 is the item-person map showing the distribution of item and person
Rasch-scale values on the Vocabulary variable, which has three levels of
performance: complete success (a score of 2), partial success (a score of 1), and
failure (a score of 0). The item calibrations range from 30.9 to 77.5 CHIPS,
spanning three strata; the person measures range from 21.8 to 53.1 CHIPS,
spanning more than six strata. These values show a discrepancy between the level
of difficulty of the items and the level of ability of the children in the sample. In
fact, as shown in the figure, the mean item difficulty is more than 2 SD above the
mean person ability and on average, the children in this sample were able to define
only a very small number of items.

The test appears to be particularly inappropriate for children in the lower-to-
middle ability range, and although it does a slightly better job for children in the
higher ability range, overall, there are very few children in this sample who are
measured precisely by this test. The figure also shows a considerable redundancy of

items, with more than half not targeting any persons at all.

Point-Measure Correlations
The output was examined for negative point-measure correlations to determine if
there were obvious off-dimension responses. According to Linacre (2006), under
Rasch conditions, point-measure correlations should be positive so that the item-

level scoring accords with the latent variable (p. 298). Four negative correlations

154



Persons Items
More able persons Harder items

100 Items 29, 30, 32, 35, 36, 37, 38, 39

90

T

28-xapakupu (harakiri) 40-Harosop
70
33-Hen30exHbIH (inevitable)

+
+
80 +
+
26-yenmuHUThCS 34-TepMUTHI (termites)
22-6acHs 31-6anmact
S 25-npunes (refrain)
60 +
24-mmuoHnax (espionage) 27-0neck
11-coenuuuTs (to connect)

19-auTpormuuepuH (nitroglyserin) 23-kymon (dome)

20-mMuKpockon (microscope)
50 # +M 14-HempuATHOCTH

# T 10-anma3 (diamond) 12-ne3Bue 17-repoii 18-a3aprtHas urpa
13-meu (sword) 16-uenyxa (nonsense) 9-mex (fur)

CH# 21-pomnnap (dollar) 8-ocen (donkey)

\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
\
40 . S+ 15-xpaOpsiii (brave)
\
\
\
\
\
\
\
\
\
\

# S 4-nucwemo (letter)
#H#HH 6-monymika (pillow) 7-reo3xp (nail)
2
#H##EH M 5-30HTHK (Umbrella)
F#H4# 1-senocunen (bicycle) 2-nox (knife) 3-manka (hat)
30 CHERHHE +
##
. S
#H#HH T
20 . T+

Less able persons Easier items

Note. M =mean, S =1 SD, T =2 SD. English translations for some of the items are
shown in parentheses.

Figure 8. Item-person map of vocabulary.
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were found: for item 1 in DACC and READCOM and for items 7 and 13 in IQ;
these items also showed severe misfit to the model. These items were deleted
together with other misfitting items (see below) and the remaining items were
recalibrated. The recalibration resulted in positive point-measure correlations for all

the items.

Fit Statistics

In Rasch analysis, fit statistics are used to determine whether the items in a
test measure the same construct and whether the persons in a sample respond in a
manner consistent with that predicted by the model. Item fit indicates the extent to
which an item discriminates between persons with high ability and persons with
low ability in a way that is consistent with other items in the test. Person fit
indicates the extent to which the person’s pattern of responses is consistent with the
way the items are used by the other persons (Bond & Fox, 2001).

The Rasch model provides two indicators of fit: the infit statistic and the
outfit statistic. The infit statistic is an estimate of the degree of fit between the
actual observations and the Rasch-modeled expectations weighted by the
information in the data; this statistic places more emphasis on unexpected
responses near a person’s or item’s measure. The outfit statistic is an unweighted
estimate of the fit and it places more emphasis on unexpected responses far from a
person’s or item’s measure. Both types of statistic are available in two forms,

unstandardized as mean squares and standardized as ¢.
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An important question in Rasch analysis is how to determine which persons
and which items misfit the Rasch model. Although simulation studies have
provided some guidelines, the Rasch literature is replete with conflicting
recommendations as to which indices to use when making decisions about fit. For
example, Fox and Jones (1998, p. 41) and Bond and Fox (2001) argue that the
current practice is to use mean square, rather than standardized values and to focus
on infit statistics because the outfit statistic is more sensitive to outliers and a few
random responses may produce high outfit mean square values. In a similar vein
Linacre (2006) has argued that poor infit mean square values pose a greater threat
to validity than poor outfit mean squares because they are influenced by response
patterns that may reflect systematic bias. In contrast, outfit mean squares pose less
threat to validity because they reflect extreme, or aberrant, responses. On the other
hand, Smith (2000) has argued that standardized unweighted fit statistics are a
better choice for assessing fit to the measurement model because they have more
stable Type 1 error rates and more consistent distributional properties vis-a-vis
sample size than the mean square statistics. Because of the lack of consensus
concerning fit criteria, all four types of fit statistic were examined in this study.

For the mean square statistic, the critical values chosen for flagging
misfitting items were .5 and 1.7, as recommended by Linacre and Wright (1994);
the critical values chosen for flagging misfitting persons were .3 and 2.0. The
slightly greater range for acceptable person fit was used because the sample

consisted of young children unfamiliar with cognitive testing. For the standardized
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fit statistic, values greater than + 2.0 for both items and persons were interpreted as
having less compatibility with the model than expected, with negative values
interpreted as indicating overfit, or the closeness of responses to the deterministic
Guttman pattern. These values correspond approximately to a Type 1 error rate of
5% (Smith, 1991, 2004, p. 580). After misfitting items and persons were identified,
the most unexpected responses for these items and persons were carefully inspected
to determine the nature of the misfit. The quality of the misfitting items and the
consistency of the misfitting persons were then considered before making a final

decision.

Item Fit

An examination of item fit statistics revealed a number of misfitting items
on most of the variables: There were eight misfitting items (5%) in PHAW (rhyme
detection items 2, 8, 11, and 17; initial oddity items 1 and 10; final oddity items 7
and 9), four misfitting items (10%) in STM (nonword repetition items 3, 5, 6, and
9), five misfitting items (3%) in DACC (word reading items 1, 29, 44, and 47), two
misfitting items (12%) in READCOM (Story 1 question 1 and Story 2 question 3),
19 misfitting items (41%) in 1Q (items 7, 8, 11-15, 17, 18 20, 23, 32, 36, 39-42, 44,
and 45), and 19 misfitting items (45%) in VOC (items 1-3, 5, 6, 8, 10, 18, 19, 21,
22,26-28, 31, 33, 34, 40). Eleven of the misfitting items on the IQ test and 13 of
the misfitting items on the VOC test overfit the model, with values only slightly

below the cut-off point. All of these items misfit because of just one unexpected

158



response; thus, these items were retained. All the other misfitting items were
deleted and the data were recalibrated, as suggested by Smith (2003).

Tables 4-10 present a summary of the individual statistics for each of the
remaining items for each of the variables. The tables list the entry order of the
items, the raw score, the CHIPS measure, the error of estimate for the measure, and
the fit statistics. Items with a perfect score are not shown.

After the deletion of the misfitting items, an improved calibration was
obtained for all the variables, with only two items exceeding the cut-off values in
PHAW, one item exceeding the cut-off values in STM, three items exceeding the
cut-off values in DACC, two items exceeding the cut-off values in RC, four items
exceeding the cut-off values in IQ, and one item exceeding the cut-off value in
VOC. Two items on the 1Q test (items 9 and 10) had mean square values of 3.90
and 9.90, respectively. All the other items with fit statistics exceeding the critical
values had mean squares in the 1.8-2.2 range and standardized values in the 2.1-2.8
range, and most misfit on just one of the fit statistics.

To diagnose the nature of the misfit, the most unexpected responses for the
misfitting items were carefully examined. The examination revealed that in most
cases, the misfit was caused by unexpected responses from just a few children
(about 5%) who tended to miss easy items. For example, the misfit of IQ items 9

and 10, the most severely misfitting items, was caused by random responses from
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Table 4. Rasch Analysis of Phonological Awareness: Item Statistics

Item Measure  Score Error INFIT INFIT OUTFIT OUTFIT

mnsq zstd mnsq zstd
RD1 42.40 73.00 2.00 0.83 -0.46 0.57 -0.53
RD3 52.80 51.00 1.20 1.18 1.52 1.23 1.09
RD4 56.10 40.00 1.20 1.13 1.27 1.24 1.41

RD5 44.70 70.00 1.70 1.00 0.09 1.24 0.59
RD6 64.60 15.00 1.40 1.05 0.35 1.04 0.24

RD7 45.40 69.00 1.70 1.35 1.41 1.93 1.59
RD9 48.40 63.00 1.40 1.23 1.32 1.01 0.14
RD10 50.40 58.00 1.30 1.27 1.81 1.28 1.01
RDI12 43.30 72.00 1.90 0.91 -0.22 0.56 -0.64
RD13 43.30 72.00 1.90 1.09 0.40 1.12 0.40
RD14 61.40 23.00 1.30 1.12 0.89 1.60 2.11
RDI15 55.50 42.00 1.20 0.85 -1.55 0.74 -1.62
RD16 43.30 72.00 1.90 1.08 0.37 0.97 0.16
RD18 48.00 64.00 1.40 1.22 1.19 1.41 1.07
102 52.10 53.00 1.20 094  -0.49 0.86 -0.57
103 43.30 72.00 1.90 093 -0.13 0.64 -0.44
104 52.80 51.00 1.20 1.07 0.64 1.04 0.27
105 55.80 41.00 1.20 0.91 -0.93 0.90 -0.57
106 45.40 69.00 1.70 1.33 1.33 1.73 1.33
107 46.50 67.00 1.60 1.01 0.10 0.88 -0.11
108 53.70 48.00 1.20 096  -0.31 0.89 -0.53
1010 44.00 71.00 1.80 0.97 0.00 0.53 -0.79
FO1 38.80 76.00 2.80 1.05 0.26 1.49 0.77
FO2 41.40 74.00 2.20 1.02 0.18 0.73 -0.16
FO3 54.30 46.00 1.20 1.12 1.10 1.16 0.88
FO4 57.90 34.00 1.20 1.18 1.69 1.28 1.54
FO5 41.40 74.00 2.20 1.04 0.24 0.95 0.18
FO6 57.30 36.00 1.20 097  -0.22 0.93 -0.35
FO8 59.80 28.00 1.20 097  -0.21 0.89 -0.49
FO10 59.50 29.00 1.20 1.14 1.26 1.31 1.48
PS1 44.00 71.00 1.80 0.85 -0.47 0.83 -0.12
PS2 51.80 54.00 1.20 1.20 1.54 1.37 1.49
PS3 45.40 69.00 1.70 0.74  -1.13 0.63 -0.66
PS4 51.80 54.00 1.20 0.78 -191 0.66 -1.58
PS5 50.00 59.00 1.30 0.79  -1.51 0.65 -1.27
PS6 50.40 58.00 1.30 0.85 -1.05 0.79 -0.72

(Table 4 continues)
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(Table 4 continued)
Item Measure  Score Error INFIT INFIT OUTFIT OUTFIT

mnsq zstd mnsq zstd
PS7 53.40 49.00 1.20 0.86  -1.30 0.74 -1.38
PS8 53.10 50.00 1.20 0.80  -1.86 0.70 -1.56
PS9 57.90 34.00 1.20 0.85 -1.49 0.77 -1.36
PS10 53.40 49.00 1.20 0.89  -0.99 1.05 0.32
PS11 53.70 48.00 1.20 098  -0.13 0.99 0.00
PS12 58.20 33.00 1.20 1.19 1.73 1.16 0.89
PS13 55.80 41.00 1.20 1.02 0.25 1.15 0.90
PD1 44.00 71.00 1.80 0.76  -0.87 0.44 -1.05
PD2 45.40 69.00 1.70 0.80  -0.83 0.65 -0.61
PD3 51.10 56.00 1.30 0.84 -1.27 0.70 -1.23
PD4 48.80 62.00 1.40 1.01 0.11 1.32 0.96
PD5 51.50 55.00 1.30 1.00 0.07 1.06 0.33
PD6 51.80 54.00 1.20 0.88  -0.95 0.79 -0.89
PD7 49.60 60.00 1.30 0.88  -0.81 0.74 -0.82
PD8 50.80 57.00 1.30 1.03 0.23 0.93 -0.18
PD9 44.00 71.00 1.80 0.99 0.05 0.74 -0.31
PD10 44.70 70.00 1.70 0.89  -0.35 0.97 0.12
PDI11 45.40 69.00 1.70 0.89 -0.41 0.87 -0.10
PD12 40.20 75.00 2.40 1.00 0.15 0.65 -0.20

Note. RD = rhyme detection; IO= initial oddity; FO = final oddity; PS = phoneme
segmentation; PD = phoneme deletion. See Appendices A-E for the actual items
used. Mnsq = mean squares; zstd = standardized values.

just two low-ability children. Temporarily removing these children from item
analysis resulted in an excellent fit for these items. The recalibration also produced
a small number of overfitting items, i.e., items with fit values below the cut-off
point, but an inspection of response patterns for these items revealed that all of
them were caused by just one or two overly predictable responses. All of the

recalibrated items were therefore retained for analysis.
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Table 5. Rasch Analysis of Short-Term Memory: Item Statistics

Item Measure Score Error INFIT INFIT OUTFIT OUTFIT

mnsq zstd mnsq zstd
Nw4 35.80  73.00 2.20 1.01 0.16 0.56 -0.34
NW8 37.60  71.00 1.90 1.11 0.47 0.84 0.01
NW10 3580  73.00 2.20 0.91 -0.13 0.41 -0.64
NW11 3580  73.00 2.20 1.18 0.58 1.91 1.14
NW12  40.30 67.00 1.60 0.86 -0.61 0.57 -0.71
NW13 3840  70.00 1.80 0.83 -0.59 0.50 -0.69
NW14 4240  63.00 1.50 0.92 -0.44 0.95 0.06
NW15 39.70  68.00 1.70 0.99 0.05 0.67 -0.43
NW16  55.60 26.00 1.30 1.23 1.56 1.25 0.94
NW17 4410  59.00 1.40 0.88 -0.84 0.63 -0.80
NW18 4490  57.00 1.30 1.06 0.51 1.00 0.14
NWI9 50.80 40.00 1.20 0.92 -0.63 0.87 -0.47
NW20 49.10 45.00 1.20 0.91 -0.71 0.79 -0.70
NW21  63.40 10.00 1.80 1.05 0.27 0.98 0.18
NwW22  62.10 12.00 1.70 0.82 -0.78 0.44 -1.12
NwW23 5940 17.00 1.50 1.07 0.44 0.83 -0.31
NwW24  68.00 5.00 2.40 0.74 -0.62 0.37 -0.54
DS5 39.70  68.00 1.70 1.10 0.50 1.03 0.25
DS6 4190 64.00 1.50 1.20 1.14 1.03 0.23
DS7 53.80  31.00 1.30 0.97 -0.18 1.37 1.47
DS8 53.50  32.00 1.30 1.26 1.83 1.36 1.45
DS9 66.80 6.00 2.20 0.84 -0.36 0.43 -0.52
DS10 64.10 9.00 1.90 1.00 0.08 0.66 -0.33
DS11 77.00 1.00 4.80 1.17 0.48 0.52 -0.06

Note. NW = nonword repetition; DS = digit span. See Appendices F and G for the
actual items used. Mnsq = mean squares; zstd = standardized values.

Person Fit

The recalibration of the items also improved person fit for most of the

variables, although a certain number of misfitting persons still remained. For all the
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Table 6. Rasch Analysis of Decoding Accuracy: Item Statistics

Item Measure Score Error INFIT INFIT OUTFIT OUTFIT

mnsq zstd mnsq zstd
1 45.70 73.00 2.20 0.87 -0.22 0.70 -0.27
2 47.50 71.00 1.90 0.96 -0.03 0.85 -0.10
3 51.20 65.00 1.50 1.00 0.05 1.06 0.27
4 51.20 65.00 1.50 1.11 0.61 1.17 0.57
5 46.70 72.00 2.00 0.73 -0.76 0.34 -1.30
6 49.00 69.00 1.70 0.87 -0.45 0.81 -0.29
7 48.30 70.00 1.80 0.85 -0.49 1.19 0.52
8 48.30 70.00 1.80 0.88 -0.35 0.71 -0.49
9 46.70 72.00 2.00 0.78 -0.61 0.43 -1.02
10 48.30 70.00 1.80 0.85 -0.48 0.68 -0.55
11 52.60 62.00 1.40 0.90 -0.52 0.66 -1.24
12 50.20 67.00 1.60 1.05 0.30 1.06 0.29
13 53.80 59.00 1.30 1.06 0.43 1.12 0.55
14 52.20 63.00 1.40 0.92 -0.39 0.72 -0.91
15 50.70 66.00 1.50 0.94 -0.23 0.98 0.06
16 54.90 56.00 1.30 1.02 0.21 0.95 -0.17
17 54.50 57.00 1.30 1.00 0.04 1.11 0.56
18 56.80 50.00 1.20 0.88 -1.13 0.79 -1.31
19 53.00 61.00 1.40 1.00 0.04 1.02 0.15
20 57.10 49.00 1.20 1.00 -0.01 1.02 0.15
21 54.90 56.00 1.30 0.87 -0.99 0.74 -1.28
22 61.50 34.00 1.10 0.84 -1.72 0.78 -1.61
23 59.50 41.00 1.10 1.03 0.35 1.02 0.21
24 57.10 49.00 1.20 0.96 -0.40 0.92 -0.49
25 46.70 72.00 2.00 0.80 -0.51 0.68 -0.40
26 45.70 73.00 2.20 0.87 -0.24 0.70 -0.27
27 51.20 65.00 1.50 0.78 -1.13 0.58 -1.33
28 54.10 58.00 1.30 0.92 -0.56 0.88 -0.47
29 54.50 57.00 1.30 0.94 -0.42 1.01 0.13
30 53.00 61.00 1.40 0.83 -1.04 0.99 0.05
31 50.20 67.00 1.60 0.87 -0.52 0.89 -0.15
32 53.40 60.00 1.30 1.10 0.69 1.22 0.89
33 49.60 68.00 1.70 0.88 -0.44 0.66 -0.77
34 53.80 59.00 1.30 0.94 -0.39 0.82 -0.68
35 56.80 50.00 1.20 0.99 -0.04 1.05 0.36
36 51.20 65.00 1.50 0.87 -0.60 0.73 -0.74

(Table 6 continues)
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(Table 6 continued)

Item Measure Score Error INFIT INFIT OUTFIT OUTFIT

mnsq zstd mnsq zstd
37 51.20 65.00 1.50 0.97 -0.11 1.15 0.53
38 50.20 67.00 1.60 0.89 -0.45 0.85 -0.26
39 51.70 64.00 1.50 1.01 0.10 1.10 0.41
40 51.20 65.00 1.50 0.83 -0.84 0.65 -1.05
41 53.40 60.00 1.30 1.01 0.11 0.93 -0.18
42 54.90 56.00 1.30 1.06 0.51 1.23 1.07
43 59.50 41.00 1.10 0.94 -0.62 0.93 -0.52
44 58.00 46.00 1.20 0.96 -0.37 0.93 -0.46
45 56.20 52.00 1.20 0.89 -1.01 0.79 -1.23
46 52.60 62.00 1.40 0.90 -0.52 1.09 0.38
47 51.20 65.00 1.50 0.97 -0.06 0.90 -0.19
48 53.40 60.00 1.30 1.07 0.50 1.16 0.65
51 37.70 77.00 4.70 1.04 0.36 0.60 0.08
53 37.70 77.00 4.70 1.06 0.38 1.16 0.55
54 37.70 77.00 4.70 1.02 0.33 0.37 -0.21
55 43.10 75.00 2.80 0.86 -0.11 0.33 -0.72
56 37.70 77.00 4.70 1.00 0.32 0.31 -0.30
57 49.60 68.00 1.70 1.06 0.32 0.80 -0.37
59 37.70 77.00 4.70 1.00 0.32 0.31 -0.30
60 48.30 70.00 1.80 1.08 0.36 1.05 0.26
61 50.20 67.00 1.60 1.24 1.06 1.24 0.68
62 45.70 73.00 2.20 1.14 0.49 1.20 0.50
63 50.20 67.00 1.60 1.18 0.84 1.01 0.15
64 43.10 75.00 2.80 1.09 0.34 0.99 0.30
65 45.70 73.00 2.20 1.09 0.35 0.71 -0.25
66 49.00 69.00 1.70 1.27 1.05 1.40 0.93
67 48.30 70.00 1.80 1.26 0.95 1.68 1.30
68 58.00 46.00 1.20 1.18 1.74 1.37 2.31
69 37.70 77.00 4.70 1.05 0.37 0.79 0.26
71 48.30 70.00 1.80 1.22 0.81 1.42 0.91
72 51.20 65.00 1.50 1.11 0.61 1.21 0.68
73 52.60 62.00 1.40 1.11 0.69 1.01 0.15
74 37.70 77.00 4.70 1.02 0.33 0.37 -0.21
76 47.50 71.00 1.90 1.07 0.32 0.91 0.01
78 37.70 77.00 4.70 1.04 0.36 0.60 0.08
79 43.10 75.00 2.80 1.00 0.17 0.90 0.19
80 54.10 58.00 1.30 1.01 0.14 0.97 -0.05

(Table 6 continues)
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(Table 6 continued)

Item Measure Score Error INFIT INFIT OUTFIT OUTFIT

mnsq zstd mnsq zstd
81 49.00 69.00 1.70 1.10 0.48 1.64 1.33
82 48.30 70.00 1.80 1.18 0.69 0.96 0.09
83 45.70 73.00 2.20 1.00 0.13 0.59 -0.49
84 49.60 68.00 1.70 1.14 0.65 1.90 1.82
85 47.50 71.00 1.90 0.98 0.05 2.29 1.93
86 56.50 51.00 1.20 0.98 -0.12 0.98 -0.04
87 50.20 67.00 1.60 1.26 1.14 1.63 1.46
88 50.70 66.00 1.50 1.19 0.90 1.08 0.33
89 50.70 66.00 1.50 1.19 0.90 0.99 0.11
90 50.70 66.00 1.50 0.86 -0.64 0.63 -1.02
91 54.90 56.00 1.30 0.96 -0.26 0.86 -0.60
93 55.20 55.00 1.20 1.21 1.57 1.29 1.38
94 45.70 73.00 2.20 1.18 0.57 1.23 0.54
96 52.20 63.00 1.40 1.29 1.52 1.67 1.90
97 48.30 70.00 1.80 1.23 0.86 1.26 0.65

Note. Items 1-48 are nonwords; items 51-97 are words; see Appendices J and K for
the actual items used. Mnsq = mean squares; zstd = standardized values.

variables except 1Q, there were between four and six persons (5-7%) with fit values
exceeding the cut-off values; for IQ, there were 10 such persons, or 12%. This was
an improvement, however, compared to the 17% before the item recalibration. An
inspection of the most unexpected response patterns showed that most of the
misfitting children responded in an inconsistent manner to a small number of items
(1-10%, depending on the test).

On all of the tests except DACC there were also a small number of children
with fit statistics below the cut-off point, indicating unexpected consistency in
responses. An inspection of the response patterns for these children revealed that

most of the overfit was caused by unexpected responses to a very small number of
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items, typically just one or two. Because the overfit was caused by just a few
arbitrary responses and because the amount of overfit was relatively small, these
children were not considered a threat to the validity of the measurement and were

retained for analysis.

Table 7. Rasch Analysis of Listening Comprehension: Item Statistics

Item Measure Score Error INFIT INFIT OUTFIT OUTFIT
mnsq zstd mnsq zstd
S1-1 51.10 82.00 0.60 1.20 1.68 1.20 0.96
S1-2 49.00 92.00 0.90 091 -0.62 0.90 -0.67
S2-1 45.70 134.00 0.80 0.88 -0.47 0.58 -0.81
S2-2 49.60 98.00 0.70 0.92 -0.61 0.90 -0.42
S2-3 43.80 143.00 1.00 1.31 1.02 1.45 0.85
S3-1 57.40 37.00 0.90 0.89 -0.69 0.79 -1.17
S3-2 55.80 34.00 0.80 0.92 -0.46 1.03 0.19
S3-3 57.30 34.00 0.90 0.90 -0.55 0.87 -0.55
S4-1 44.10 126.00 1.00 1.18 1.06 1.12 0.64
S4-2 48.20 108.00 0.70 0.93 -0.49 0.88 -0.59
S4-3 54.30 55.00 0.80 1.25 1.79 1.18 1.19
S4-4 41.70 149.00 1.30 0.81 -0.39 0.48 -0.64
S5-1 48.40 112.00 0.70 1.26 1.70 1.54 1.67
S5-2 54.40 61.00 0.90 0.96 -0.22 0.97 -0.16
S5-3 49.10 100.00 0.70 0.82 -1.49 0.76 -1.50

Note. S1 = Story 1, S2 = Story 2, S3 = Story 3, S4 = Story 4, S5 = Story 5. The
second digit under “Item” denotes the question number. See Appendix M for the
actual questions used. Mnsq = mean square values; zstd = standardized values.

Overall, after the recalibration of the items, the fit statistics for all the items
and most of the children were acceptable, indicating that the data fit the model well.

There were several items and persons with misfitting values, most notably on the
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1Q test. However, the misfit in most cases involved a small number of items and
persons and was caused by just a few random responses. It was therefore unlikely

that either the items or the persons in the study exhibited any systematic bias.

Table 8. Rasch Analysis of Reading Comprehension: Item Statistics

Item  Measure Score Error INFIT INFIT OUTFIT OUTFIT
mnsq zstd mnsq zstd
S1-2 56.90 52.00 0.80 0.96 -0.25 1.00 0.08
S2-1 31.90 155.00 4.60 1.00 0.32 0.50 -0.08
S2-2 56.50 51.00 0.80 1.18 1.15 1.84 2.81

S3-1 57.60 103.00 1.20 1.21 1.70 1.24 1.34
S3-2 47.60 126.00  0.90 0.97 -0.12 0.85 -0.21
S3-3 47.00 127.00  0.90 1.10 0.55 1.59 1.44
S4-1 54.50 70.00  0.80 1.20 1.47 1.28 1.69
S4-2 54.10 72.00  0.70 0.94 -0.46 0.96 -0.18
S4-3 50.60 104.00  0.70 0.91 -0.60 0.71 -1.03
S4-4 48.80 117.00  0.80 0.82 -1.15 0.64 -1.14
S5-1 48.20 121.00  0.80 0.83 -1.00 0.58 -1.16
S5-2 47.90 126.00  0.80 1.08 0.48 1.91 1.47
S5-3 50.10 112.00  0.70 0.91 -0.55 0.83 -0.09

S5-4 48.10  125.00  0.80 0.68 -1.89 0.46 -0.93

Note. S1 = Story 1, S2 = Story 2, S3 = Story 3, S4 = Story 4, S5 = Story 5. The
second digit under “Item” denotes the question number. See Appendix M for the
actual questions used. Mnsq = mean square values; zstd = standardized values.

A somewhat better calibration could be obtained by dropping the misfitting
persons and recalibrating the data; however, as Smith (2003, p. 29) has pointed out,
in this case, the changes in the item calibrations would be much smaller than the
standard errors of estimate for the items and there would be no change in the

definition of the variable. This would also dramatically reduce the number of
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Table 9. Rasch Analysis of Nonverbal Ability: Item Statistics

Item Measure Score Error INFIT INFIT OUTFIT OUTFIT

mnsq zstd mnsq zstd
8 6.20 78.00 5.10 0.53 -0.42 0.03 -3.23
9 15.10 75.00 2.90 1.48 1.15 3.90 2.34
10 15.10 75.00 2.90 1.20 0.59 9.90 4.53
16 37.40 54.00 1.90 1.21 0.75 0.76 -0.10
19 42.90 46.00 1.60 1.10 0.55 0.76 -0.20
20 40.40 50.00 1.80 0.74 -1.14 0.55 -0.60
21 44.00 44.00 1.60 0.84 -0.86 1.05 0.29
22 48.00 36.00 1.40 1.34 2.07 1.25 0.56
23 37.40 54.00 1.90 0.72 -0.96 0.39 -0.83
24 46.10 40.00 1.50 1.36 2.03 0.98 0.17
25 42.30 47.00 1.60 0.97 -0.08 0.73 -0.24
26 47.50 37.00 1.50 1.04 0.31 0.75 -0.17
27 48.40 35.00 1.40 1.19 1.26 1.68 1.03
28 48.00 36.00 1.40 1.30 1.87 1.23 0.54
29 48.90 34.00 1.40 0.91 -0.57 0.63 -0.31
30 50.20 31.00 1.40 0.98 -0.09 0.83 0.07
31 55.30 20.00 1.50 1.03 0.24 0.85 -0.04
32 51.10 29.00 1.40 0.69 -2.42 0.42 -0.60
33 52.00 27.00 1.40 0.96 -0.20 0.64 -0.28
34 61.00 10.00 1.80 1.04 0.24 0.51 -0.83
35 60.30 11.00 1.80 1.21 0.97 0.64 -0.52
36 59.00 13.00 1.70 0.74 -1.38 0.37 -1.24
37 62.60 8.00 2.00 1.03 0.20 0.98 0.17
38 70.60 2.00 3.50 0.90 0.04 0.95 0.26
39 61.00 10.00 1.80 0.70 -1.40 0.28 -1.57
40 63.40 7.00 2.10 0.99 0.05 0.36 -1.10
41 70.60 2.00 3.50 1.06 0.29 0.44 -0.44
42 66.90 4.00 2.60 0.75 -0.56 0.19 -1.31
44 74.10 1.00 4.80 0.76 0.02 0.07 -1.34
45 74.10 1.00 4.80 0.76 0.02 0.07 -1.34

Note. Mnsq = mean squares; zstd = standardized values.
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persons available for the regression analysis. Therefore, a decision was made to

retain all the persons for the main analyses.

Table 10. Rasch Analysis of Vocabulary: Item Statistics

Item Measure Score Error INFIT INFIT OUTFIT OUTFIT

mnsq zstd mnsq zstd
4 31.50 68.00 1.30 0.80 -1.19 0.75 -1.12
7 30.00 72.00 1.30 0.70 -1.76 0.53 -2.30
9 40.00 41.00 1.20 1.29 2.13 1.35 1.79
11 52.50 11.00 1.80 1.02 0.17 0.73 -0.21
12 40.70 39.00 1.20 0.97 -0.22 0.95 -0.18
13 38.90 45.00 1.20 0.84 -1.27 0.78 -1.29
14 44.40 28.00 1.30 1.03 0.28 0.88 -0.36
15 34.90 58.00 1.20 1.07 0.53 1.14 0.78
16 40.30 40.00 1.20 0.96 -0.24 0.92 -0.39
17 42.30 34.00 1.20 1.14 1.05 1.11 0.57
20 47.50 20.00 1.40 1.18 1.01 1.13 0.44
22 59.90 4.00 2.70 0.87 -0.21 0.20 -0.73
23 50.00 15.00 1.60 1.04 0.27 0.66 -0.59
24 53.30 10.00 1.90 1.32 1.10 0.92 0.13
25 57.10 6.00 2.30 1.32 0.94 0.50 -0.31
26 61.70 3.00 3.00 1.17 0.51 0.39 -0.29
27 54.10 9.00 2.00 1.11 0.46 0.53 -0.51
28 67.70 1.00 4.80 1.05 0.35 0.17 -0.63
31 59.90 4.00 2.70 0.82 -0.34 0.20 -0.73
33 64.00 2.00 3.60 0.97 0.13 0.28 -0.44
34 61.70 3.00 3.00 0.72 -0.53 0.12 -0.90
40 67.70 1.00 4.80 0.81 0.05 0.07 -0.98

Note. Mnsq = mean squares; zstd = standardized values.
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Principal Components Analysis of Residuals

A Rasch principal components analysis (PCA) of standardized residuals
was performed to assess the dimensionality of each variable. PCA identifies the
presence of multidimensionality by examining the characteristics shared in
common among item residuals. In this analysis, each item is modeled to contribute
one unit of randomness and there are as many residual variance units as there are
items (Linacre, 2006, p. 243). When all information in the data is explained by the
latent variable (i.e., when unidimensionality is present), residual values represent
random noise and, when standardized, follow a normal distribution (Smith, 2004, p.
582).

Interpretation of the PCA results depends in part on the choice of the critical
values for the eigenvalue and for the percentage of explained variance. Linacre
(2006) provides a useful rule of thumb for the percentage of total variance
accounted for by the measures for the construct to be considered unidimensional:
Variance explained by measures should be more than 60% and unexplained
residual variance explained by the first factor should be less than 5%. He further
notes that in practice, a secondary dimension must have the strength of at least five
items before these items can be considered a separate instrument (p. 289).
Additionally, Graves and Weinstein (2004) recommend that for a construct to be
considered unidimensional, the Rasch dimension should explain at least three times
the variance explained by the first factor resulting from the PCA of residuals.

Consequently in this study, a test was considered to be approximately
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unidimensional if (a) it explained 60% or more of the total variance; (b) the
unexplained variance explained by the first factor was less than 5%; (c) the
eigenvalue for the first factor was less than 5; and (d) the Rasch dimension
explained at least three times the variance explained by the first factor resulting
from the PCA of residuals.

Table 11 shows the Rasch PCA results for the seven latent variables used in
the study. All the variables except one conform to the criteria of unidimensionality
specified above. The only exception is the DACC variable, for which the
measurement dimension explains only 50.9% of the total variance. However, all the
other criteria of unidimensionality are met: The unexplained variance explained by
the first factor resulting from the PCA of residuals is 2.6%, the eigenvalue for the
first factor is less than 5, and the Rasch dimension explains almost 20 times the
variance explained by the first factor. Given that more than half of the variance in
this variable was explained by the model, that the first factor explained only a very
small percentage of the total variance, and that the Rasch dimension was much
bigger than the identified sub-dimension, this sub-dimension was not expected to
have much impact on person measurement. Thus, this variable was considered
roughly unidimensional.

It should be noted that in each of the variables, a certain amount of
unexplained variance (between .1 and 49.1%) remained after the Rasch dimension
was extracted. This, however, is common for “broad” dimensions (Linacre, 2006,

p- 312) such as those operationalized in this study. Further, as Linacre has pointed
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out, multidimensionality is always present to some extent and the vital question is
not whether the data are perfectly unidimensional but rather, whether the lack of
unidimensionality in the data is sufficiently large to threaten the validity of the
results. According to Linacre, multidimensionality only becomes a concern “when
there are response patterns in the data indicating that the data represent two or more
dimensions so disparate that it is no longer clear what latent dimension the Rasch
dimension operationalizes” (Linacre, 1998, p. 268). This is clearly not the case in
these data. Consequently, although a secondary dimension is somewhat noticeable
in most of the variables used in this study, the principal components analysis

indicates that the variables can be considered fundamentally unidimensional.

Table 11. Standardized Residual Variance for Cognitive Ability and Decoding
Measures (in Eigenvalue Units)

Variable Explained variance Unexplained Unexplained
Empirical Modeled variance variance explained
by 1* factor

PHAW 93.4 (62.9%) 62.2%  55.0 (37.1%) 4.3 (2.9%)
STM 539.0 (95.7%) 949%  24.0 (4.3%) 2.4 (.4%)
DACC 91.2 (50.9%) 49.4%  88.0 (49.1%) 4.6 (2.6%)
LISCOM 43.5 (74.3%) 73.6%  15.0 (25.7%) 2.0 (3.4%)
READCOM  54.3 (79.5%) 80.2%  14.0 (20.5%) 1.9 (2.8%)
VOC 548.6 (96.1%) 94.1%  22.0 (3.9%) 2.9 (5%)
1Q 23186.9 (99.9%) 99.9%  30.0 (.1%) 3.2 (.0%)

Note. PHAW = phonological awareness, STM = short-term memory, DACC =
decoding accuracy, LISCOM = listening comprehension, READCOM = reading
comprehension, VOC = vocabulary, IQ = nonverbal ability.
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In summary, the cumulative evidence from the evaluation of item fit and the
PCA of standardized residuals indicates that each of the instruments used in this
study measures a single construct. The decision to treat each of the tests as one

variable is therefore justified.

Multivariate Analyses
Evaluation of Assumptions

As aresult of variable construction, ten variables were available for major
analyses: Phonological Awareness, Short-Term Memory, Decoding Accuracy,
Listening Comprehension, Reading Comprehension, Vocabulary, Nonverbal
Ability, RAN, RAN Rate, and Decoding Rate. The first seven were based on Rasch
logits of person ability; the other three were based on time data. Prior to the
analyses, these variables were examined through SPSS (Version 10.0) programs for
accuracy of data entry, missing values, and the fit between their distributions and
the assumptions of multivariate analysis. Three SPSS programs were used for this
purpose: SPSS FREQUENCIES, SPSS REGRESSION, and SPSS
DISCRIMINANT.

Although the original data contained several missing values for a small
number of children, the logits of ability for these children were estimated through
Rasch analysis. There were thus no missing values in the data. Prior to the multiple
regression analyses, the data were assessed for normality, linearity,

homoscedasticity of residuals, multicollinearity or singularity, and the presence of
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outliers and suppressor variables. All the variables had relatively normally shaped
histograms and satisfactory skewness and kurtosis values (see Table 12). Normal
probability plots and residuals scatterplots were also examined for all the variables
and no gross departures from normality, linearity, and homoscedasticity were
detected (see Appendices Q-S for the scatterplots). Additionally, a White test was
conducted to confirm the absence of heteroscedasticity in the regression models.
This test tests the null hypothesis that the variance of the residuals is homogeneous.
The results indicated that there was no heteroscedasticity in the models ()(2 b=
3.94, p = 0.5 for the model with Decoding Accuracy as the dependent variable; )(2
(14) = 12.95, p = 0.5 for the model with Decoding Rate as the dependent variable;
;(2 (14) = 14.95, p = 0.4 for the model with Reading Comprehension as the
dependent variable). An evaluation of tolerance and VIF values revealed no
multicollinearity problems (tolerance > .20; VIF < 4.0).

Two univariate outliers were detected through visual inspection of the
boxplot for each variable. One had an extremely high score on DACC (78.43
CHIPS, z = 3.5), and the other had extreme scores on STM and READCOM (STM,
75.90 CHIPS, z = 3.3; READCOM, 27.95 CHIPS, z = -4.8). The first outlier turned
out to be a high-ability person who performed consistently near the top of the
distribution on all the tests. This person was considered to be part of the target
population and was retained for all analyses. To reduce this person’s influence on

the regression model, his score was recoded to be one unit greater than the score of
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the next extreme person in the distribution (new score = 70.61 CHIPS). This is an
acceptable strategy for dealing with such cases (Tabachnick & Fidell, 2001).

The other outlier had numerous missing values on the STM and
READCOM tests and her scores were estimated through the Rasch analysis.
Unfortunately this estimation resulted in distortion. This was an average-ability
person who only did the nonword repetition part of the STM test and the first three
(easy) questions on the READCOM test. On the nonword repetition part of STM
she unexpectedly scored much higher than average, whereas on READCOM, she
unexpectedly missed two easy questions. Based on her average performance on
most of the other tests, this person was unlikely to score much higher than average
on the more difficult part of the STM test (i.e., digit repetition) or much lower than
average on the READCOM test. I therefore replaced her values on these tests with
the sample’s mean (51.74 CHIPS for STM; 53.54 CHIPS for READCOM).

The data were also examined for multivariate outliers, or cases with an
unusual combination of scores on two or more variables. Three influence statistics
were used: Mahalanobis distance, Cook’s D, and leverage. The criteria for
multivariate outliers were Mahalanobis distance greater than X2 4)=1847 (p<
.001) (Tabachnick & Fidell, 2001, p. 93), Cook’s D greater than 1.0 (Cohen,
Cohen, West, & Aiken, 2003), and leverage values greater than .18 (for a model
with four predictors, Field, 2005). No cases exceeding the cut-off values were
found in the data. The regression output was also examined for suppressor variables

and for outliers in the solution using the statistical criterion of standardized
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residuals in excess of +/-3.3 (Tabachnick & Fidell, 2001, p. 122). No suppressor
variables or outliers were found.

Additionally, the data were evaluated for the assumptions of discriminant
function analysis. The sample was split into two groups, a group of good readers (n
= 38) and a group of poor readers (n = 41), using Decoding Rate as the criterion for
classification, and assumptions were evaluated separately for each group. One
univariate outlier was identified in the poor reader group (DRATE z < -.3.5); this
case was deleted. To equalize the number of cases per group, two cases were
randomly deleted from the poor reader group, which left 38 cases per group for
analyses. An evaluation of assumptions of linearity, normality, homogeneity of
variance-covariance matrices, and multicollinearity revealed no threat to
multivariate analysis; there were no multivariate outliers in either group.

This procedure was repeated with more extreme reader groups. For this
purpose, the sample was split into two groups separated from each other by a buffer
zone of 1 standard deviation (0.5 SD above and below the mean) on DRATE.
Children with z-scores above 0.5 on DRATE were classified as good readers
whereas children with z-scores below -0.5 on DRATE were classified as poor
readers. Children falling within the buffer zone were excluded from further
analyses. This procedure produced 24 poor readers and 21 good readers. Two cases
in the poor reader group were identified as univariate outliers (DRATE z < -3.3),
and two cases in the good reader group were identified as multivariate outliers at p

< .001. These cases were deleted. To equalize the number of cases per group, three
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cases were randomly deleted from the good reader group; this left 19 cases per
group available for analyses. The evaluation of the assumptions of multivariate
normality, linearity, homogeneity of variance-covariance matrices, and

multicollinearity was satisfactory.

Ratio of Cases to Predictor Variables

An important question in conducting multiple regression analysis is what
constitutes an adequate sample size. Several rules of thumb have been proposed.
For example, Miller and Kunce (1973) recommended a subject-to-variable ratio of
10 to 1; Tabachnick and Fidell (1989) provided ‘““a bare minimum requirement” (p.
128) of five cases for each IV. However, several statisticians have expressed
concern over the adequacy of such rules of thumb, calling them unsatisfactory
(Green, 1991, p. 501) or even “mathematically incorrect” (Milton, 1986, p. 117).
The main problem with such rules is that they do not take into account effect size.
Yet, as Milton has argued, the determination of sample size is “not simply a
function of the statistical technique one is using” because “‘there are real parameters
in the population” (p. 113). Calculating the required sample size, therefore,
necessitates making an a priori assessment of the population parameters that are
being estimated. Furthermore, a sample must be adequate to enable both testing
hypotheses with adequate power and estimating regression coefficients with
adequate accuracy, and meeting these two goals may require different sample sizes

(Algina, Moulder, & Moser, 2002).
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Two different methods were used in this study to calculate the minimum
sample size needed to ensure both adequate power and adequate estimation
accuracy. To calculate the sample size needed for prediction accuracy, a formula
developed by Sawyer (1982) was used, which is based on the mean absolute error
of prediction as a measure of prediction accuracy. In this formula, N is a function of
the number of predictors p and an inflation factor K, which is a measure of
prediction accuracy. For K = 1.05, N =10.8p + 11.8. Thus, for a model with four
predictors, if the expected mean absolute error of prediction is to be K = 1.05 times
that associated with a prediction equation based on known population values of the
four regression coefficients, the minimum sample size equals 55.

To calculate the sample size needed to obtain adequate power, a method
proposed by Green (1991) was used. This method requires specifying three values:
alpha, or the probability of incorrectly rejecting the null hypothesis, power, or one
minus the probability of not rejecting a false null hypothesis, and effect size, or the
degree to which the criterion variable is related to the predictor variables in the
population. The following formulas were used to calculate the required sample size
with o = .05 and a power of .80, a value described by Cohen (1988, 1992) as
appropriate for behavioral research: N = (8 / %) + (m—1) for testing partial
correlation coefficients and N = L/ f* for evaluating the multiple correlation
(where L = 6.4 + 1.65m - .05m?, or 12.2 for m =4, and f* = R’ / (1-R%). Cohen’s
(1988) recommended values of R* = .13 and f’= .15 were used for a medium effect

size.
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From these formulas, the minimum sample size needed to test the multiple
correlation with m =4 was N = (8 /.15) + (4 — 1) = 56, and that needed to test
individual predictors was N = 12.2 /.15 = 81. In this study, even greater effect
sizes were expected because of the careful selection of potential predictors and
exclusion of ambiguous ones (e.g., speech rate, visual processing). Therefore, N =

79 was considered appropriate.

Analysis Procedures

Standard multiple regression analyses were performed to answer Research
Questions 1 and 2. This approach was chosen because the purpose was to assess the
overall relationship between cognitive abilities and reading rather than to test an
explicit hypothesis. Sequential regression analyses were performed to answer
Research Question 4. Sequential regression was chosen in order to test a specific
model; the choice of the predictors and the order of their entry into the regression
equation were guided by theory.

Two sets of direct discriminant function analyses were performed to answer
Research Question 5: In one, the whole sample was split into two groups, a group
of good readers and a group of poor readers; in the other, a 1-SD buffer zone was
used to define more extreme groups of good and poor readers. A classification
function was then derived for the original sample. All analyses were performed

using SPSS (Version 10.0).
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Logits of ability (converted to CHIPS) were used in all statistical analyses
for the following variables: Phonological Awareness, Short-Term Memory,
Decoding Accuracy, Listening Comprehension, Reading Comprehension,
Vocabulary, and Nonverbal Ability. For RAN, the scores were the speed (in
seconds) of naming all 100 stimuli; for RAN Rate, the scores were the number of
stimuli on both RAN tests named in one minute; and for Decoding Rate, the scores
were the number of words and nonwords read correctly in one minute.

To answer Research Question 6, the children’s z-scores on DACC and
DRATE were examined to identify extremely poor readers in the sample.
Following Grigorenko (2003), extremely poor reading was operationalized as a
score on either DACC or DRATE (or both) that was at least 2.5 SDs below the
mean. One child matched this definition. This was the same girl who was excluded
from discriminant function analyses as a univariate outlier (see above). The child’s
cognitive, linguistic, and reading profile was then examined and compared with

that of the good and poor readers to identify relative strengths and weaknesses.
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CHAPTER 5

RESULTS

Descriptive Statistics

Table 12 shows the mean, the standard error of the mean, the standard
deviation, the skewness, the standard error of skewness, the kurtosis, and the
standard error of kurtosis for each cognitive, linguistic, and decoding measure used
in this study. Overall, the statistics support the psychometric adequacy of the tests
used in this study for the present sample. Performance on all tests was free from
floor or ceiling effects, and all variables are relatively normally distributed,
indicating that the mean provides an accurate estimate of central tendency. Two
variables, Decoding Rate and 1Q, have relatively large standard deviations,
indicating that there is somewhat more variability in these measures than in the
others.

The mean for Decoding Rate appears to be much lower than the norm of 30
words per minute that children in Russian public schools are expected to attain at
the end of first grade (Alekseenko et al., 2003). This discrepancy, however, is
likely a result of the differences in the testing instruments used. The Russian norm
is based on the reading of a grade-appropriate passage containing many
orthographically easy and visually familiar words embedded in a meaningful
context. In contrast, the reading tests used in this study contained many visually

unfamiliar, long, and morphologically and orthographically complex items, which
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required letter-by-letter processing, and there was no contextual support. The mean
and standard deviation values for word reading rate obtained in this study were
much higher, M = 25; SD = 10, showing that at least some of the children had

achieved the prescribed reading level.

Table 12. Descriptive Statistics for Cognitive Ability and Decoding Measures

(N=179)
Variable M SE SD Skewness SES Kurtosis SEK
Decoding accuracy 60.1 .55 4.8 -.144 271 074 535
Decoding rate 206 .79 7.0 .389 271 581 535
Phonological awareness 56.3 .62 5.5 071 271 125 535
RAN 89.1 1.46 129 406 271 -.603 535
RAN rate 68.7 1.10 9.8 113 271 =779 535
Short-term memory 514 77 69 552 271 278 535

Listening comprehension 51.2 .38 34 -.337 271 .380 535
Reading comprehension 53.5 49 44 264 271 -.063 535
Vocabulary 274 86 7.6 623 271 496 535
1Q 43.8 1.56 139 -.661 271 -570 535

Note. Scores on all tests except RAN, RAN rate, and decoding rate are logits of
ability (converted to CHIPS). RAN is the speed (in seconds) of naming 100 stimuli;
RAN rate is the number of stimuli named in 60 seconds; decoding rate is the
number of items read correctly in one minute. To facilitate comparisons with
previous research, 1Q scores were also converted into standard scores (M = 100; SD
= 15). The range for the standardized IQ scores was 71-128.

Predictors of Decoding Accuracy
Research Question 1a asked about the size of the overall relationship
between decoding accuracy and the set of phonological awareness, verbal short-

term memory, rapid automatized naming, and IQ in beginning Russian readers.
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Research Question 1b asked how much of the relationship was contributed
uniquely by each predictor. To answer these questions, a standard multiple
regression was performed with decoding accuracy as the criterion variable.

Table 13 shows the intercorrelations between decoding accuracy,
phonological awareness, short-term memory, rapid automatized naming (RAN),
and IQ. Note that superior performance on the RAN measure is indicated by lower
scores and thus its correlation with decoding accuracy is negative. Only two
variables correlate statistically significantly with decoding accuracy, phonological
awareness and RAN; the other two variables, IQ and short-term memory, do not
correlate with decoding accuracy at all. Because multiple regression builds on
correlation and because the goal is to identify the smallest set of predictors that
correlate strongly with the criterion variable, IQ and STM were excluded from the

regression analyses.

Table 13. Means, Standard Deviations, and Intercorrelations for Decoding
Accuracy and Cognitive Predictor Variables (N =79)

Variable M SD 1 2 3 4
Decoding accuracy 60.1 4.8 13 20%% -26% .09
Predictor variable

1. 1Q 438 139 - AlFx_37%% 19
2. Phonological awareness  56.3 5.5 -- -28%  35%*
3. RAN 89.1 129 - -.16
4. Short-term memory 514 6.9 --

% p < 01, * p <.05.
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A standard multiple regression was performed using decoding accuracy as
the criterion variable and phonological awareness and RAN as predictor variables.
Table 14 displays the unstandardized regression coefficients (B), the standard error
of B, the standardized regression coefficients (f), the semipartial correlations (sr),
and R, R?, and adjusted R’. R for regression was significantly different from zero, F’
(2,78) =5.190, p = .008. For the regression coefficient that differed significantly
from zero, 95% confidence limits were calculated. The confidence limits were .016

to .405.

Table 14. Standard Multiple Regression of Cognitive Variables on Decoding
Accuracy (N =79)

Variable B SEB Beta s (unique)
Phonological awareness 211% 10 24 .05
RAN -.007 .04 -.19

R? = .12. Adjusted R*=.10. R = .35%*.

#kp < 01, % p < .05.

Only one of the predictor variables, phonological awareness, contributed
significantly to the prediction of decoding accuracy, with r =2.151, p = .035. This
variable contributed 5% of unique variance (sr° = .05) to the prediction. The two
predictor variables in combination contributed another .07 in shared variability.
Altogether, 12% (10% adjusted) of the variability was predicted by knowing scores

on these two variables. Although the correlation between decoding accuracy and
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RAN was significantly different from zero (r = -.26, p < .05), RAN did not
contribute significantly to the regression. Apparently, the relationship between
decoding accuracy and RAN is mediated by the relationship between decoding

accuracy and phonological awareness.

Predictors of Decoding Rate
Research Question 2a asked about the size of the overall relationship
between decoding rate and the set of phonological awareness, verbal short-term
memory, rapid automatized naming (RAN) rate, and IQ in beginning Russian
readers. Research Question 2b asked how much of the relationship was contributed
uniquely by each predictor. To answer these questions, a standard multiple

regression was performed with decoding rate as the criterion variable.

Table 15. Means, Standard Deviations, and Intercorrelations for Decoding Rate
and Cognitive Predictor Variables (N =79)

Variable M SD 1 2 3 4
Decoding rate 20.6 7.0 21 A3Fx - 49%*% 19
Predictor variable

1. 1Q 43.8 13.9 - AlFx 36%*% 19
2. Phonological awareness 56.3 5.5 -- 30**  35%*
3. RAN rate 68.7 9.8 - .19
4. Short-term memory 514 6.9 --

**p < .001.
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Table 15 shows the intercorrelations between decoding rate, phonological
awareness, short-term memory, RAN rate, and IQ. Overall, the correlations
between the predictor variables and decoding rate are higher than the correlations
between these same predictors and decoding accuracy (see Table 13), although here
too only two predictors correlate statistically significantly with the criterion
variable: phonological awareness and RAN rate. To investigate the contribution of
each predictor variable to the prediction of decoding rate, a standard multiple
regression was performed between decoding rate as the criterion variable and
phonological awareness, short-term memory, RAN rate, and 1Q as predictor

variables.

Table 16. Standard Multiple Regression of Cognitive Variables on Decoding Rate

(N=T9)
Variable B SEB Beta sr (unique)
Phonological awareness A437H* 14 34 .09
RAN rate .208%#* .08 41 14
1Q -.004 .06 -.08
Short-term memory .000 .10 .00

R? = 33. Adjusted R* = 30. R = .58%*.

p < .05. *p < 0l.

Table 16 displays the unstandardized regression coefficients (B), the
standard error of B, the standardized regression coefficients (f), the semipartial

correlations (er), and R, R’ , and adjusted R. R for regression was significantl
i g g y
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different from zero, F (4, 78) = 9.270, p = .000. For the regression coefficients that
differed significantly from zero, 95% confidence limits were calculated. The
confidence limits for phonological awareness were .159 to .715 and those for RAN
rate were .149 to .446. Only two of the predictors contributed significantly to the
prediction of decoding rate, phonological awareness (s7* =.09) and RAN rate (sr* =
.14). The four predictor variables in combination contributed another 10% in shared
variability. Altogether, 33% (30% adjusted) of the variability was predicted by

knowing scores on these four predictor variables.

The Structure of Phonological Awareness

Research Question 3 asked whether rhyme and phoneme detection,
phoneme segmentation, and phoneme deletion tasks tapped the same underlying
ability in the Russian language. To answer this question, Rasch analysis was
performed on the phonological awareness tests.

The item fit statistics for the whole phonological battery revealed eight
misfitting items, or 5% of the test. All of the misfitting items required the detection
of a sound unit (thyme or phoneme). After the deletion of these items, a much
better calibration was obtained, with only two items showing a slight misfit (outfit
mean squares of 1.73 and 1.93). The fit statistics thus indicate that the phonological
tasks used in this study tap the same underlying ability in the Russian language.

This is confirmed by the results of the PCA of standardized residuals (Table

11) showing that taken together, the tasks explain over 60% of the variance in the
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phonological awareness variable. Although the results indicate the presence of a
subdimension, it constitutes less than 3% of the variance. This does not mean that
phonological awareness is a multidimensional concept; rather, the presence of a
few off-dimension items indicates the “fuzzy,” or broad nature of the concept of
phonological awareness (Linacre, 2006). Thus, based on the cumulative evidence
from fit statistics and PCA of residuals, rhyme and phoneme detection, phoneme
segmentation, and phoneme deletion appear to tap a single underlying ability in the

Russian language, which is approximately unidimensional.

Predictors of Reading Comprehension

Research Question 4 asked how accurately reading comprehension could be
predicted (a) from 1Q, (b) from listening comprehension and vocabulary over and
above IQ, (c) from decoding rate over and above IQ, listening comprehension, and
vocabulary, and (d) from the combination of 1Q, listening comprehension,
vocabulary, and decoding rate. To answer this question, a sequential multiple
regression was performed using reading comprehension as the criterion variable.

Table 17 shows the intercorrelations between reading comprehension, 1Q,
listening comprehension, vocabulary, and decoding rate. The correlations between
reading comprehension and all the predictor variables are statistically significant
and moderate in magnitude. The intercorrelations between most of the predictor

variables are also statistically significant, ranging from about .30 to about .60.
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Table 17. Means, Standard Deviations, and Intercorrelations for Reading
Comprehension and Cognitive Predictor Variables (N =79)

Variable M SD 1 2 3 4
Reading comprehension 53.5 4.4 S4xF - 54k 5wk 3PHE
Predictor variable

1. 1Q 43.8 139 -- A8F*F 61%* 21
2. Listening comprehension ~ 51.2 34 -- A46%FF 3K
3. Vocabulary 27.4 7.6 -- 33k
4. Decoding rate 20.5 7.0 --

*#p <.01.

A sequential multiple regression was performed to determine how
accurately reading comprehension could be predicted from the specified predictor
variables. The predictors were entered in the following order: IQ was entered in
step 1 as a control variable, vocabulary and listening comprehension were entered
in step 2 in one block to determine if these abilities added significantly to the
prediction of reading comprehension after the differences among the children in 1Q
were statistically eliminated, and decoding rate was entered in step 3 to determine if
it added significantly to the prediction of reading comprehension after the
differences among the children in IQ and linguistic ability were statistically
eliminated.

Table 18 displays the unstandardized regression coefficients (B), the
standard error of B, the standardized regression coefficients (f), the semipartial

correlations (srz ), and R, R’ , and adjusted R? after entry of all four predictor
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variables. R was significantly different from zero at the end of each step. After step

3, with all predictors in the equation, R = .67, F (4, 78) = 15.011, p = .000.

Table 18. Sequential Multiple Regression of Cognitive Variables on Reading
Comprehension (N =9)

Variable B SEB Beta  sr’ (incremental)
Step 1
IQ .008 .04 27 29%*
Step 2
Vocabulary .009 13 .28 A3%*
Listening comprehension ~ .362 .07 A7
Step 3
Decoding rate 104 .06 A7 .02

R? =.45. Adjusted R’ = .42. R = .67**.

#kp < 01,

After step 1, with IQ in the equation, R’ = 29, Fie (1,77)=32.131,p =
.000. Thus, IQ explained 29% of the variance in reading comprehension. After step
2, with vocabulary and listening comprehension added to the prediction of reading
comprehension by 1Q, R’ = 42, Fine (2,75)=8.412, p =.001. The addition of these
measures to the equation with IQ resulted in a significant increment in R* and
together, these measures explained 13% of variance over and above that explained
by 1Q. Within this block, however, the contribution of vocabulary was not
statistically significant (¢ = 1.429, p = .157), although the correlation between

reading comprehension and vocabulary was significantly different from zero (r =
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.52 p <.01). Apparently, the relationship between reading comprehension and
vocabulary is mediated by the relationship between reading comprehension and
listening comprehension. After step 3, with decoding rate added to the prediction of
reading comprehension by IQ and vocabulary and listening comprehension, R’ =
45 (adjusted R’ = 42), Fine (1,74) = 3.250, p = .075. The addition of decoding rate

to the equation did not reliably improve R’.

Cognitive and Linguistic Abilities of Good and Poor Readers

Research Question 5a asked to what degree there were differences between
good and poor readers in the population on linear combinations of 1Q, phonological
awareness, listening comprehension, vocabulary, and reading comprehension.
Research Question 5b asked if the children in the two groups could be correctly
classified as good and poor readers based on their scores on the five predictor
variables. To answer these questions, two sets of direct discriminant function
analysis were performed with decoding rate as the grouping variable.

The sample was split into two groups, good readers and poor readers, using
the participants’ z-scores on decoding rate. Decoding rate was used to
operationalize reading skill because it was hypothesized that this measure
accurately captures the nature of the word recognition process: To be successful,
readers need to be able to read both familiar and unfamiliar words accurately and
quickly. A direct discriminant function analysis was performed using five cognitive

variables as predictors of membership in the two groups. The predictors were
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phonological awareness, reading comprehension, vocabulary, listening
comprehension, and 1Q. All analyses were performed using SPSS

DISCRIMINANT.

Table 19. Correlation of Predictor Variables with Discriminant Function
(Function Structure Matrix) and Standardized Discriminant Function
Coefficients (n =76)

Predictor variable Correlations of predictors  Standardized discriminant
with discriminant function function coefficients

Phonological awareness 7196 566

Reading comprehension 822 587

Vocabulary .681 027

Listening comprehension 539 127

1Q 595 -.050

Canonical R = .42; eigenvalue = .21

A discriminant function was calculated to determine whether the five
predictors could predict decoding ability. Wilks’s lambda was significant, A4 = .86,
;(2 (5,n=76) =13.725, p = .017, indicating that overall, the predictors
differentiated between the two reader groups. The loading matrix of correlations
between the predictors and the discriminant function is shown in Table 19. It
indicates that the best predictors for distinguishing between the good and poor
readers in the sample are reading comprehension, phonological awareness, and

vocabulary.
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Table 20. Means and Standard Deviations of Predictor Variables as a Function of
Decoding Ability (n =76)

Variable Good readers (n =38)  Poor readers (n = 38)
M SD M SD

Decoding rate 26.23 4.97 15.69 3.30
Predictor variable

1. Phonological awareness 58.08 5.30 54.28 5.20
2. Reading comprehension 55.00 4.26 51.95 3.92
3. Vocabulary 29.30 7.25 24.90 6.98
4. Listening comprehension 52.10 2.98 50.44 3.74
5.1Q 46.90 12.75 39.63 14.15

Note. All group means differ significantly at p < .05.

The means on the discriminant function are consistent with this
interpretation (Table 20). Good readers have better reading comprehension ability
(M =55.00, SD = 4.26), better phonological skills (M = 58.08, SD = 5.30), and
better vocabulary (M = 29.30, SD = 7.24) than poor readers (M = 51.95, SD = 3.92
on reading comprehension; M = 54.28, SD = 5.20 on phonological awareness; M =
24.90, SD = 6.98 on vocabulary). The groups also differ reliably on the other two
measures, [Q (M =46.90, SD = 12.75 for the good reader group; M = 39.63, SD =
14.15 for the poor reader group) and listening comprehension (M = 52.10, SD =
2.98 for the good reader group; M = 50.44, SD = 3.74 for the poor reader group),
although the magnitude of these differences is smaller. The eigenvalue for the
discriminant function is .21 and the canonical correlation is .42, indicating that
about 18% of the variability of scores for the discriminant function is accounted for

by the differences between the groups.
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Table 21 shows pooled within-group correlations among the five predictors.
All ten correlations would show statistical significance at o = .01 if tested
individually. All correlations are positive and most are in the .40-.58 range,
indicating that the children who performed well on one of the measures tended to
perform well on all the other measures, and that those who performed poorly on
one of the measures tended to perform poorly on all the other measures. This is
particularly true of the relationship between vocabulary and IQ (r (74) = .58, p <
.01) and vocabulary and phonological awareness (r (74) = .56, p < .01). This
pattern indicates that children with strengths in vocabulary are likely to have higher

nonverbal intelligence and better phonological awareness skills.

Table 21. Pooled Within-Group Correlations Among Predictors (n = 76)

Predictor variable 1 2 3 4 5
1. Phonological awareness -- 33 .56 .39 33
2. Reading comprehension -- 48 Sl 49
3. Vocabulary -- 45 .58
4. Listening comprehension -- 46
5.1Q -

A classification function was derived for the original sample, with 64.5% of
the children in the sample classified correctly. In order to take into account chance
agreements, a kappa coefficient was computed. This coefficient assesses the
accuracy of classification, with 1 indicating a perfect accuracy and 0 indicating

chance-level prediction (Green & Salkind, 2005). The obtained value was .30,
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indicating moderate accuracy in prediction. The stability of the classification
procedure was assessed with a cross-validation run. The leave-one-out technique
was used, in which the classification function is derived on the basis of all cases
except one, and then the left-out case is classified. This procedure is repeated until
all cases have been left out once and classified. Based on this procedure, 58% of all

cases were classified correctly.

Table 22. Correlation of Predictor Variables with Discriminant Function
(Function Structure Matrix) and Standardized Discriminant Function
Coefficients (n = 38)

Predictor variable Correlations of predictors  Standardized discriminant
with discriminant function function coefficients

Phonological awareness .898 1.076

Reading comprehension .619 .503

Vocabulary .638 =272

Listening comprehension 375 -.469

1Q 478 152

Canonical R = .65; eigenvalue = .72.

To determine whether the same pattern of cognitive abilities characterized
more extreme groups of good and poor readers, a second set of analyses were
conducted with the groups of good and poor readers separated from each other by a
buffer zone of 1 standard deviation (0.5 SD above and below the mean) on
decoding rate. With univariate and multivariate outliers deleted, there were 19

cases per group.
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A direct discriminant function analysis was performed using phonological
awareness, reading comprehension, vocabulary, listening comprehension, and 1Q as
predictors of membership in the good and poor reader groups. A discriminant
function was calculated to determine whether the five predictors could predict
decoding ability. Wilks’s lambda was significant, 4 = .58, )(2 (5,n=38)=18.175,p
=.003, indicating that overall, the predictors differentiated between the two reader
groups. The loading matrix of correlations between the predictors and the
discriminant function is shown in Table 22. It indicates that the best predictors for
distinguishing between the good and poor readers in the sample are again

phonological awareness, vocabulary, and reading comprehension.

Table 23. Means and Standard Deviations of Predictor Variables as a Function of
Decoding Ability (n = 38)

Variable Good readers (n = 19) Poor readers (n = 19)
M SD M SD

Decoding rate 29.79 4.74 13.85 2.26
Predictor variable

1. Phonological awareness 60.53 5.19 52.50 5.63
2. Reading comprehension 55.29 3.23 51.34 4.39
3. Vocabulary 31.20 7.32 22.94 8.31
4. Listening comprehension  52.13 3.26 49.90 3.91
5.1Q 48.62 10.37 37.99 15.94

Note. All group means differ significantly at p < .05.

The means on the discriminant function are consistent with this

interpretation (Table 23). Good readers have better phonological awareness skills
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(M =60.53, SD = 5.19), better vocabulary (M = 31.20, SD = 7.32), and better
reading comprehension ability (M = 55.29, SD = 3.22) than poor readers (M =
52.50, SD = 5.63 on phonological awareness; M = 22.94, SD = 8.31 on vocabulary,
and M =51.34, SD = 4.39 on reading comprehension). The groups also differ
reliably on IQ, with M = 48.62, SD = 10.37 for the good reader group and M =
37.99, SD = 15.94 for the poor reader group, although the magnitude of these
differences is smaller. The eigenvalue for the discriminant function is .72 and the
canonical correlation is .65, indicating that approximately 42% of variability of
scores for the discriminant function is accounted for by the differences between the

groups.

Table 24. Pooled Within-Group Correlations Among Predictors (n = 38)

Predictor variable 1 2 3 4 5

1. Phonological awareness -- 43 .68 .58 42
2. Reading comprehension -- .64 55 .58
3. Vocabulary -- 49 .61
4. Listening comprehension -- 53
5.1Q -

Table 24 shows pooled within-group correlations among the five predictors.
All ten correlations would show statistical significance at o = .01 if tested
individually. All correlations are positive and most are in the .50-.68 range. The
pattern is very similar to that observed when the whole sample was classified into

two groups, but the magnitude of the correlations appears to be larger. This is
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particularly true of the relationship between vocabulary and IQ (r (38) = .61, p <
.01), vocabulary and reading comprehension ((r (38) = .64, p < .01), and
vocabulary and phonological awareness (r (38) = .68, p < .01). This pattern
indicates that children with strengths in vocabulary are likely to have higher
nonverbal intelligence, better reading comprehension ability, and stronger
phonological awareness skills.

A classification function was derived for the original sample, with 81.6% of
the children classified correctly. To take into account chance agreements, a kappa
coefficient was computed. The obtained value was .63, indicating a high degree of
accuracy in prediction. The stability of the classification procedure was assessed
with a cross-validation run using the leave-one-out technique. Based on this

procedure, 76.3% of all cases were classified correctly.

Cognitive and Linguistic Profile of the Poorest Reader

Research Question 6 asked about the cognitive, linguistic, and reading
profile of the poorest readers in the sample. To answer this question, the children’s
z-scores on decoding accuracy (DACC) and decoding rate (DRATE) were
examined to identify extremely poor readers in the sample. For this purpose,
extremely poor reading was operationalized as a score on either DACC or DRATE
(or both) that was at least 2.5 SDs below the mean (Grigorenko, 2003). Only one
child, a girl (hereinafter referred to as NY), matched this definition. Her reading

profile was then examined to identify areas of particular difficulty and her
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performance on the cognitive and linguistic measures was compared to that of the
children who scored above the mean on DRATE (n = 38) and those who scored .5

SD below the mean on DRATE (n = 19).

Table 25. NY’s Reading Performance in Comparison to That of the Rest of the

Children
Reading test (number of items) Speed (NY) Accuracy (%)
Time (s) z-score NY RC
Word reading (50) 229 2.84 82 89
List 2 (morphologically simple, 10) 41 4.4 100 93
List 4 (morphologically complex, 10) 49 1.5 70 77
Nonword reading (48) 765 7.53 0 79
List 1 (visually dissimilar, 24) 470 7.71 0 79
List 2 (visually similar, 24) 295 6.88 0 79

Note. RC =rest of the children excluding NY (n = 78). Accuracy is the percentage
of items read correctly.

NY was severely impaired on both decoding rate (absolute score = 2.47; z =
-2.57) and decoding accuracy (Rasch person ability score = 47.02; z =-2.71). An
examination of her reading performance on each test (Table 25) revealed several
patterns. On word reading, NY’s main impairment was in speed, rather than in
accuracy. In fact, her overall reading accuracy was comparable to that of the rest of
the children (NY: 82%; rest of the children: 89%) and her accuracy on the
morphologically simple, one- and two-syllable words was even better than that of
the rest of the sample. She was less accurate on the morphologically complex,

three- and four-syllable words, but still managed to read 70% of them correctly.
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The few mistakes that she made on both types of word were minor and included
placement of stress on the wrong syllable and incorrect pronunciation of word

endings (e.g., reading prevratit’ [to turn] as prevratil [(he) turned].

Table 26. NY’s Performance on Cognitive and Linguistic Tests in Comparison to
That of Good and Poor Readers

Variable NY Poor readers (n = 19) Good readers (n = 38)
M SD M SD
Phonological awareness 58.32 52.50 5.63 58.08 5.30
Short-term memory 50.29 51.19 6.86 51.58 7.24
RAN rate 54.05 65.62 8.54 72.99 9.13
1Q 51.26 37.99 15.94 46.90 12.75
Listening comprehension ~ 47.63 49.90 391 52.10 2.98
Reading comprehension 51.49 51.34 4.39 55.00 4.26
Vocabulary 27.32 22.94 8.31 29.30 7.25

Note. Scores on all tests except RAN rate are logits of ability (converted to
CHIPS); RAN rate is number of stimuli named in 60 seconds.

In contrast, on nonword reading, NY was severely impaired on both speed
and accuracy: She took almost 13 minutes to read 48 items, scoring 7 SD below the
mean, and she failed to read a single nonword correctly. Most errors that she made
were substitutions of the target items with real words that were visually similar to
the target items or that contained some of the letters from the target items. For
example, she read bashai as bol’shoi [big], stur as stul [chair], and yuskra as iskra
[spark]. She was equally inaccurate on visually similar and visually dissimilar

nonwords, although she was much slower on the dissimilar items than on the
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similar ones. No other child in the sample was as impaired as NY on nonword
reading.

NY’s performance on the cognitive and linguistic tests is shown in Table
26. As shown in the table, on the phonological awareness, short-term memory, IQ,
and vocabulary tests, NY performed close to the mean of the good readers in the
sample whereas on the reading and listening comprehension tests she performed
close to the mean of the poor readers. The variable that most clearly separated NY
from both the good and poor readers was RAN rate: She was more than 2 SD below
the mean of the good readers and more than 1 SD below the mean of the poor
readers.

Can NY be classified as dyslexic? In reading research, it is common to
operationalize dyslexia on the basis of a discrepancy between a person’s actual
reading score and that predicted based on their IQ (Fawcett, 2002). An arbitrary
cut-off point of 1.5 or 2 standard deviations below the expected reading age is
typically used to identify dyslexics. In this case, however, both the reading and 1Q
tests were unstandardized and there is no reference point for an accurate
description. It does appear that the discrepancy between NY’s above average 1Q
and her extremely slow and laborious reading would provide a basis for diagnosing
her as dyslexic. The fact that she had particular difficulty with nonwords appears to

confirm this classification.
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CHAPTER 6

DISCUSSION

Predictors of Decoding

Research Question 1 asked about the size of the overall relationship
between decoding accuracy and the set of phonological awareness, verbal short-
term memory (STM), rapid automatized naming (RAN), and IQ in beginning
Russian readers as well as about the unique contribution of each predictor.
Research Question 2 asked about the size of the overall relationship between
decoding rate and the set of phonological awareness, verbal short-term memory,
RAN rate, and IQ in beginning Russian readers as well as about the unique
contribution of each predictor. Two sets of standard multiple regression analyses
were performed, first with decoding accuracy, and then with decoding rate, as the
dependent variable.

In the first set of analyses, because of the low correlations between
decoding accuracy and IQ and decoding accuracy and short-term memory, only two
variables, phonological awareness and RAN, were included in the regression
model. Together, the two variables predicted about 10% of the variability in
decoding accuracy but only one of the predictors, phonological awareness,
contributed a small amount of unique variance (i.e., about 5%). The other variable,
RAN, did not make an independent contribution to the prediction although its

correlation with decoding accuracy was statistically significant. In the second set of
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analyses, the four predictor variables predicted about 33% of the variability in
decoding rate; however, only two of the predictors, phonological awareness and
RAN rate, contributed unique variance, and the contribution of the latter was larger
than the contribution of the former (14% vs. 9%).

Taken together, these results indicate that phonological awareness is a
reliable predictor of both decoding accuracy and decoding rate in beginning
Russian readers. However, in contrast to English, where phonological tasks have
been found to account for a substantial portion of variance in reading scores (Muter
& Snowling, 1998; Tunmer et al., 1988), in Russian, the relation of these tasks to
both decoding accuracy and decoding rate appears to be relatively small. This result
is consistent with findings obtained in other transparent orthographies, where
phonological awareness has been shown to develop very rapidly after the beginning
of reading instruction (e.g., Caravolas & Bruck, 1993; Wimmer, 1993) and where
individual differences in phonological skill appear to be relevant to reading only for
a short period of time (de Jong, 2003; Durgunoglu & Oney, 1999; Holopainen et
al., 2001; Share, 2003). The children in the present study were tested at the end of
first grade and the beginning of second grade, or after one full year of reading
instruction, and they found the decoding test quite easy as revealed by the Rasch
analysis of item difficulty. It therefore seems likely that most of the children in the
sample already had sufficiently high levels of phonological awareness for accurate

decoding.
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Further, phonological awareness in this study was more strongly related to
decoding rate than to decoding accuracy, accounting for almost twice as much
variance in decoding rate than in decoding accuracy. This result can also be
attributed to the relative consistency of the Russian orthography. Previous research
with Swedish (Olofsson, 2003) has shown than in contrast to decoding accuracy,
which in consistent orthographies develops rapidly after the onset of reading
instruction, decoding speed continues to grow throughout the elementary school
years and often does not reach its asymptotic level until the end of elementary
school. In younger children, however, high decoding accuracy levels are obtained
at the expense of decoding speed. Thus, decoding speed in transparent
orthographies may reflect not only decoding fluency but also the extent to which
individual differences in phonological awareness remain relevant to reading.
Empirical support for this view comes from a longitudinal study of reading in
Dutch, a transparent orthography (de Jong & van der Leij, 1999), which found that
once children attained a high decoding rate, phonological awareness ceased to have
an additional effect on reading.

Compared to phonological awareness, rapid naming accounted for
substantially more variance in decoding rate. There are two possible explanations
for this result. The first one draws on a model of reading development proposed by
Manis et al. (1999), in which RAN tasks are conceptualized as a measure of “a
unique aspect of reading that is not captured by [phonological awareness] tasks, the

learning of arbitrary mappings between print and sound” (p. 152). According to this
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view, RAN tasks are more relevant than phonological tasks to the very early stages
of reading development, when children are learning the arbitrary associations
between symbols and sounds. In contrast, phonological tasks are relevant to both
early and later reading development because they enable the children to build and
access phonological representations of words. This explanation, however, does not
sit well with the fact that most of the children in the present study were proficient
decoders capable of decoding even phonologically complex words.

An alternative explanation is to consider the effect of orthography on the
relationship between reading and rapid naming. It has been argued that in
languages with consistent orthography, beginning readers rely almost exclusively
on letter-by-letter decoding (e.g., Goswami et al., 2003; Ziegler et al., 2001) and
can read words by simply assembling sequentially the names of the sounds that the
letters represent. Consequently, the main characteristic that distinguishes good from
poor readers in such orthographies is the speed of assembling word pronunciations
(Wimmer, 1993; Wimmer & Goswami, 1994), a process that has been
hypothesized to depend primarily on the rapid retrieval of phonological codes from
long-term memory (de Jong & van der Leij, 2002). At its core, this process is
similar to rapid naming tasks in that both require “quick access to visual-verbal
associations” (de Jong & Vrielink, 2004) and high processing speed for efficiency.
This explanation is consistent with the observation of the special importance of
rapid naming as a predictor of reading achievement in transparent orthographies

(e.g., Holopainen et al., 2001; Kobayashi et al., 2005).
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Consistent with this interpretation is the present finding that rapid naming
was more strongly related to decoding rate than to decoding accuracy. The
correlation between rapid naming and decoding rate was almost twice as large as
the correlation between rapid naming and decoding accuracy. Moreover, in the
model with decoding rate as the criterion, rapid naming accounted for 14% of
unique variance whereas in the model with decoding accuracy as the criterion,
rapid naming did not explain any unique variance and its correlation with decoding
accuracy was fully mediated by phonological awareness.

The last observation appears to indicate a certain amount of overlap
between rapid naming and phonological awareness, an observation strengthened by
the finding of a statistically significant correlation between these two variables.
Similar results have been reported for English (Manis et al., 1999; Swanson et al.,
2003). Nevertheless, the present results clearly show that the two measures account
for independent variance at least in one measure of reading, decoding rate. To this
end, they replicate previous findings that phonological awareness and rapid naming
account for distinct variance in reading acquisition and lend some support to the
argument of Wolf and Bowers (1999) that performance on RAN measures and
performance on phonological awareness measures are the results of independent
processes.

Perhaps the most striking—and somewhat unexpected—result obtained in
this study is the failure of verbal STM to account for any variance either in

decoding accuracy or decoding rate. At first glance this finding appears to
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contradict the research evidence obtained in English and some other languages
showing that verbal STM is an important correlate of reading (for reviews, see
Singleton, 2002; Wagner & Torgesen, 1987). Yet the previous findings of a
positive association between verbal STM and reading should not be taken to mean
that there is an unequivocal understanding in the research community of how,
exactly, memory processes contribute to reading development or, even, which
components of memory relate to which aspects of reading. At least three
explanations can be offered for the apparent lack of association between STM and
decoding observed in the present study.

One explanation rests on the developmental nature of the relationship
between reading and various cognitive abilities. According to this developmental
view of reading (e.g., Muter & Snowling, 1998), different cognitive skills are
relevant to different stages of reading development. Muter and Snowling argued
that in the early stages, access to phonological segments of words combined with
letter knowledge suffices for creating primitive mappings between orthography and
phonology. At later stages, when children establish fine mappings between print
and sound, memory becomes more important for specifying word representations at
the phonemic level. This theory has found some empirical support. For example,
Gathercole, Baddeley, and Willis (1991) found no relationship between reading and
STM measured by nonword repetition and digit span in English-speaking children
in the first few months of school but by the second year of school, there was a

statistically significant correlation between these skills. De Jong and van der Leij
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(1999) also reported a changing relationship between STM and reading in Dutch
children. However, this explanation seems unlikely given that the children in this
study had already had a full year of reading instruction and could hardly be
considered truly beginning readers.

Perhaps a more plausible explanation lies in the nature of the tasks that were
used to measure verbal STM. Although both the digit span task and the nonword
repetition task used in this study have been described as measures of an
individual’s ability to maintain verbal information in short-term memory, there is
some evidence (e.g., Hansen & Bowey, 1994) that these tasks may be tapping
somewhat different aspects of verbal memory because digit span relies on the use
of rehearsal strategies (Baddeley, 1986), whereas nonword repetition relies on the
ability to form transient phonological representations (Gathercole & Baddeley,
1989). In the present study, Rasch analysis conducted to evaluate the STM test
showed that both tasks tapped the same construct. However, it is still possible that
although both tasks tapped the same underlying ability (i.e., to maintain verbal
information in short-term memory), their relationship to decoding was not the same
by virtue of the different strategies that they required for successful performance.

It can be speculated, for example, that nonword repetition would be much
more closely related to reading than digit span because it requires access to the
phonological structure of language. The hypothesized relationship between
nonword repetition and underlying phonological representations may explain the

statistically significant correlation that was observed between STM and
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phonological awareness in the present study. In contrast, digit span would be
associated with reading much less strongly because, as has been argued previously
(Engle, Cantor, & Carullo, 1992), rehearsal strategies may not be generalizable to
cognitive tasks like reading. The inclusion of the digit span task in the STM
instrument in the present study may have lowered the correlation between the STM
variable and decoding.

An alternative explanation that also stems from the nature of memory tasks
draws on a distinction between short-term memory and working memory (e.g.,
Swanson, 1994). The former is defined as the ability to retain information in short-
term store, whereas the latter is defined as the ability to carry out additional
processing operations while holding information in short-term store. Swanson has
shown that it is working memory rather than STM that is closely related to reading.
In this view, repeating digits in the same order as they are presented would be a
poor measure of an individual’s working memory because such repetition is
automatic and requires an immediate response (Kaufman, 1994). In contrast,
phonological awareness tasks that require the child to select a word that does not
“belong” from an orally presented string of three or four words could be said to
include a working memory component because they require the simultaneous
storage and processing of verbal information. In the present study, three of the five
phonological tasks were of the “odd-one-out” variety. It is therefore possible that
the working memory component in these phonological tasks obscured the effect of

STM on reading. The reliance of these tasks on memory processes may also
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explain the moderate correlation obtained between the measures of STM and
phonological awareness. It also suggests that these tasks should not be construed
purely as a measure of phonological skill but rather as a measure sensitive to the
integrity of verbal memory processes.

An inconsistent relationship between verbal memory and reading has been
noted in several non-English languages. For example, in Arabic, (Mannai &
Everatt, 2005), forward digit span failed to correlate with word reading accuracy
both in first- and third-grade children. In Japanese (Kobayashi et al., 2005),
nonword repetition did not predict either reading speed or reading accuracy in
kindergarten and first-grade children. In Finnish (Holopainen et al., 2001),
nonword repetition and digit span measures obtained in preschool failed to predict
nonword reading speed at the end of second grade although nonword repetition was
statistically significant in differentiating ordinary from late decoders whereas digit
span was statistically significant in differentiating precocious from late decoders. In
Dutch (de Jong & van der Leij, 1999), verbal memory entered in a regression
equation after phonological awareness did not account for any additional variance;
in contrast, both phonological awareness and rapid naming did account for
additional variance when memory scores were statistically controlled. In Hungarian
(Everatt et al., 2004), good and poor readers did not differ at all on STM measured
by a memory span task although they differed significantly on nonword reading.
This was in contrast to monolingual English and bilingual English-Tagalog

children for whom memory span was a reliable predictor of reading achievement.
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The inconsistency of the relationship between verbal STM and reading
observed in non-English languages introduces the possibility of a differential effect
of verbal memory processes on reading development in different orthographies. It
can be speculated, for example, that in opaque orthographies like English, the
inconsistency of the sound-letter mappings forces the beginning reader to rely
heavily on verbal memory to assemble word pronunciations. For example, in order
to read words such as though and fough, the beginning reader would have to
simultaneously hold in memory the various pronunciations of the letters and letter
combinations involved, compare them in search of the right pronunciation, select
the right one, and reject the ones that are incorrect. The efficiency of this
processing is likely to depend on verbal short-term memory capacity. In contrast, in
transparent orthographies such as Russian, readers can assemble word
pronunciations letter-by-letter by simply pronouncing the sounds the letters
represent. Children familiar with letter-sound names and with some access to
phonology can perform this task without overloading the memory system even in
the presence of STM deficits.

Another unexpected result obtained in the present study concerns the role of
IQ in predicting decoding ability: 1Q was found to be a poor predictor of both
decoding accuracy and decoding rate. This result appears to contradict those
obtained in English, most notably by Naglieri and Ronning (2000), who found
moderately high correlations in excess of .40 between word reading and IQ for a

sample of 22,000 school children. However, in that study, word reading was
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assessed indirectly, through a vocabulary subsection on a standardized achievement
test, which required not only word recognition but also the knowledge of synonyms
and antonyms and the ability to understand word meanings, an ability that has been
shown to be closely associated with reading comprehension (e.g., Torgesen et al.,
1997). Thus, the word reading test in that study was not a pure measure of
decoding.

It should be stressed, however, that some evidence of a connection between
IQ and decoding was found in the present study: In the discriminant function
analyses, the groups of good and poor readers differed reliably on IQ (see below for
further discussion). This finding appears to be in agreement with previous research
in English showing that IQ is much more relevant to the prediction of decoding
ability in poor readers than in typical readers (Tiu et al., 2003). The substantial
correlation between IQ and phonological awareness may also point—although
indirectly—to the importance of IQ to some aspects of decoding, i.e., those that
rely heavily on phonological processing.

Alternatively, the correlation between 1Q and phonological awareness can
be taken to indicate an effect of IQ on general information processing. It has been
argued (e.g., Frith, 2002), for example, that performance on virtually any test
would be affected by the general ability factor, or “g,” which is the measurement
target for most IQ tests. In this sense, 1Q would be relevant to phonological
awareness to the extent that performance on phonological tests relies on the use of

effective information processing strategies. This interpretation would also be
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consistent with Hammill’s (2004) observation that phonological awareness, like all
other processing abilities, may be a sign of general developmental maturity and

may simply represent a different aspect of general intelligence.

The Structure of Phonological Awareness in the Russian Language

Research Question 3 asked whether rhyme and phoneme detection,
phoneme segmentation, and phoneme deletion tasks tapped the same underlying
ability in the Russian language. To answer this question, Rasch analysis was
conducted to determine if the phonological tasks used in the present study formed a
single variable. Additionally, the tasks and individual items were examined to
identify factors that determined task and item difficulty.

The Rasch fit statistics as well as the PCA of standardized residuals clearly
indicate that the phonological tasks of rhyme and phoneme detection, phoneme
segmentation, and phoneme deletion used in the present study tap the same
underlying ability, which is approximately unidimensional. This finding supports
the conclusion of recent studies conducted with large samples of English-speaking
children (e.g., Anthony & Lonigan, 2004; Anthony et al., 2002) that phonological
awareness is a “‘single cognitive ability that manifests behaviorally in a variety of
skills” (Anthony & Francis, 2005, p. 256) throughout a child’s development and
extends this view to the Russian language. It appears that, just as in English,

phonological awareness in Russian can be conceptualized as a single ability that
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can be measured by tasks requiring different cognitive operations (e.g., deletion,
identification, segmentation) and with items varying in linguistic complexity.

The conceptualization of phonological awareness as a unidimensional
construct carries with it several important implications. First, the distinctions that
have been drawn between phonological tasks based on the cognitive operation they
require or the linguistic unit that is the focus of the task may not be as important as
has been previously thought, at least for children who are learning to read a
transparent orthography and who have mastered the basic rules of print-to-sound
conversion.

Second, the finding that both rhyme and phoneme tasks represent the same
underlying ability supports Anthony and Lonigan’s (2004) argument that
phonological awareness may influence reading acquisition “through multiple
pathways” (p. 214), including reading by analogy and reading by grapheme-
phoneme decoding. This finding may be particularly important in light of the recent
debate over the role of large versus small sound units in predicting reading
development. Some researchers (e.g., Goswami & Bryant, 1990) have argued for
the special importance of rhyme awareness whereas others (e.g., Muter et al., 1997;
Nation & Hulme, 1997) have insisted on the special role of phonemes in predicting
reading. Although the present study did not compare directly the importance of
these skills in predicting reading, the finding that measures of rhyme and phoneme
awareness represent the same underlying ability suggests—as has been argued

previously by Anthony and his colleagues (Anthony & Lonigan; Anthony et al.,
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2002)—that the debate over the importance of certain phonological tasks over
others may have proceeded from an unwarranted assumption of the existence of
different types of phonological awareness.

For practical purposes, these findings indicate that phonological awareness
can be accurately measured by a variety of tasks, including those that are
appropriate for young children who have not yet begun learning to read and who
have not yet acquired high levels of phonemic awareness. This makes it possible to
identify children with potential reading problems early on, before they fail in
literacy acquisition. For older children, assessment tools should include a range of
tasks with differing cognitive requirements and linguistic features so that the full
extent of their phonological awareness can be evaluated.

It is important to point out, however, that the conceptualization of
phonological awareness as a unitary ability does not imply that this skill may not
include cognitive components besides phonological sensitivity. As has been
suggested above, phonological awareness appears to be closely linked to verbal
short-term memory and general cognitive ability and therefore phonological tasks
may tap aspects of cognitive functioning that go beyond phonology. Furthermore,
the uncovered unitary structure of phonological awareness should not be taken to
mean that all phonological tasks are equally useful in tapping phonological ability
in all children. As the item-person map of phonological awareness (see Figure 2)
clearly indicates, some tasks are more informative about a child’s phonological

skills than others. The usefulness of the particular tasks may also be influenced by
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age as well as reading experience (Anthony & Lonigan, 2004; Schatschneider et al.,
1999).

The results of the Rasch analysis also provide useful information regarding
the difficulty of the tasks that comprised the phonological awareness battery in this
study. Overall, the battery appears to be too easy for this sample, with the mean
person ability being almost 1 SD above the mean item difficulty and with one-third
of the test being more than 2 SD lower on the logit scale than the mean ability of
the children. This means that the children in the sample, who had had about one
year of reading instruction, must have developed sufficient amounts of
phonological sensitivity needed to perform common phonological tasks. This result
is well supported by the theoretical accounts of reading development in languages
with transparent orthographies in which children typically demonstrate excellent
performance on phonological tasks—sometimes at ceiling—by the end of first
grade (see Goswami, 2002, for a review).

Furthermore, the Rasch analysis clearly demonstrates the developmental
nature of phonological awareness in the Russian language, with some tasks being
more difficult than others. Syllable structure in particular appears to play a role in
determining the degree of difficulty of an item. For example, as shown in the item-
person map of phonological awareness (see Figure 2), many CVC items are
clustered toward the bottom of the test, whereas many items with consonant blends
appear closer to the top; items requiring the processing or manipulation of single

sounds appear to be easier than those that require the processing of sound clusters.
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This is particularly true of the phoneme segmentation task, a task that required the
precise identification and separation of individual phonemes.

However, contrary to previous reports from English-language research, no
clear hierarchy of task difficulty could be identified based on either the cognitive
demands of a task or the size of the linguistic unit that was its focus. Rhyme tasks
were no easier than phoneme tasks and those that required sound identification
were no easier than those that required sound manipulation. This result runs counter
to the notion of a hierarchy of phonological task difficulty proposed in English in
which tasks are distinguished by both the cognitive operation required and the size
of the linguistic unit that must be analyzed or manipulated (Adams, 1990; Yopp,
1988). In the present study, task and item difficulty depended on many factors
including the position of the target item, the syllabic structure of the word, and the
number of letters and sounds in the target word, and it was not determined solely
by the cognitive demands of the task or the size of the linguistic unit that was its
focus.

On the other hand, the item-person map of phonological awareness (Figure
2) shows a relationship between item difficulty and the placement of the target
word or sound in the task. Overall, items with the target word or sound placed in
the final position were easier across the board than those with the target word or
sound placed in the initial position, which in turn were easier than those with the
target unit placed in the middle position. This hierarchy held, although with some

exceptions, for all tasks and regardless of the linguistic features of the items. For
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example, of the 21 easiest items, which were 2 SD below the mean person ability,
18 (i.e., six RD, four IO, three FO, and five PD items) required the detection or
manipulation of sound units with the target unit placed in the final position. In
contrast, of the 12 hardest items, ten (five RD and five FO) had the target unit in
the middle or initial position.

This result suggests that items with the target word or sound placed in the
final position are easier to process than other items, possibly because such items
can be processed on-line, sequentially. For example, in the “odd-word-out” tasks
(e.g., thyme detection), words in a string with the odd one placed in the final
position (e.g., play, clay, block) can be compared in the order in which they are
presented and do not require “going back™ mentally to the beginning of the string
upon hearing all the words in order to compare them. In deletion tasks, items with
the phoneme to be deleted being in the final position can also be processed
sequentially and such tasks can be performed by simply repeating the presented
word without its final bit. While they clearly rely on the child’s ability to
understand the notion of subsyllabic units as well as to segment, these tasks do not
necessitate complex phonological processing such as the breaking up of a word into
constituent phonemes, the extraction of a target unit with the simultaneous holding
of the remaining phonemes in memory, and the re-assembly of the new word,
which would be needed in tasks requiring the deletion of a phoneme from the

middle of a word. The burden on working memory may also be low in such tasks.
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The finding that task difficulty may be affected by the position of the target
item has important implications for the design and administration of phonological
tests as it suggests the need for researchers to consider the order in which words are
presented in phonological judgment tasks because of the possibility that this order
may affect performance. In their analysis of the usefulness of various phonological
awareness tasks in English, Schatschneider et al. (1999) came to a similar
conclusion after discovering, using the IRT model, that the difficulty parameters of
the sound categorization task, a task that required the children to select, out of four
words presented, the word that did not sound like the others, were highly dependent
on where the target word was placed in the string of words. The authors
recommended that researchers avoid using such tasks because of possible
confounding effects.

While it may not be practical to exclude such tasks from a phonological
battery, especially with younger children, the results of the present study indicate
that in designing tasks to measure phonological awareness, researchers must take
into account factors beyond the cognitive nature of the task or the size of the
linguistic unit to be analyzed, such as the position of the target word or sound or the
syllabic complexity of the target items. These factors are likely to influence
performance on phonological tasks and their effect would be difficult to separate

from the effect of the cognitive or linguistic factors.
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Predictors of Reading Comprehension

Research Question 4 asked how accurately reading comprehension can be
predicted (a) from 1Q, (b) from a set of linguistic comprehension measures (i.e.,
vocabulary and listening comprehension) over and above IQ, (c¢) from decoding
rate over and above IQ and linguistic comprehension measures, and (d) from the
combination of IQ, linguistic variables, and decoding rate. To answer this question,
a sequential multiple regression was performed to assess the predictive value of
each of the specified measures individually and in combination.

Statistically significant correlations were obtained between reading
comprehension and all the predictor variables. The correlations were moderately
high: Those between reading comprehension and the linguistic measures exceeded
.50 and that between reading comprehension and decoding approached .40.
Together, the predictors accounted for more than 40% of the variance in reading
comprehension, with IQ explaining most of the variance, 29%, and linguistic
measures (i.e., listening comprehension and vocabulary) explaining an additional
13%. Among the linguistic measures, the contribution of vocabulary was not
statistically significant and its relationship with reading comprehension appeared to
be fully mediated by the relationship between reading comprehension and listening
comprehension. The contribution of decoding rate failed to reach statistical
significance.

Previous studies in English (e.g., Joshi & Aaron, 2000; Swanson et al.,

2003; Tunmer & Hoover, 1993) have reported a substantial association between

220



word decoding and reading comprehension, with correlations often in the .60-.70
range and exceeding those between reading comprehension and verbal ability, 1Q,
or memory. The results of the present study, however, do not appear to support
such a large association. Does this mean that decoding ability is unimportant in
determining reading comprehension in the Russian language? I believe that such a
conclusion would be premature.

First, the correlation between decoding rate and reading comprehension
obtained in the present study was statistically significant and moderate in
magnitude, at .37. Similar correlations have sometimes been observed in other
languages including English (Hoover & Gough, 1990) and Turkish (Oney &
Goldman, 1984), where decoding was found to be a reliable predictor of reading
comprehension. Second, it seems reasonable to assume that a complete absence of
decoding ability will result in no reading comprehension regardless of the
individual’s level of linguistic comprehension or 1Q, so in this sense, decoding is a
necessary condition for reading comprehension. Third, the discriminant function
analyses performed in this study to determine cognitive abilities that distinguished
reliably between good and poor readers clearly indicate that decoding is relevant to
reading comprehension. So why didn’t decoding ability contribute independent
variance to reading comprehension?

I believe that the most plausible explanation is methodological. In
determining the appropriate sample size needed for this study, I estimated, based on

prior research, the degree to which the criterion variable, reading comprehension,
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was related to the predictor variables in the population (i.e., effect size). In the
absence of reliable research on reading comprehension in the Russian language, I
used studies conducted in languages with less inconsistent orthographies than
English (e.g., Dutch, French, Turkish) to estimate effect size. However, such an
estimation was bound to be approximate and not definitive. I therefore believe that
the size of the sample used in this study was not sufficiently large to bring out the
contribution of decoding, although in the regression analysis, it approached
statistical significance (p = .07).

If this interpretation is correct, it provides additional evidence for the claim
(e.g., de Jong & van der Leij, 2002; Megherbi et al., 2006) that the relative weight
of abilities that contribute to reading comprehension may depend on the
characteristics of the particular orthography. Russian orthography is largely
transparent for reading and native Russian children appear to master the challenges
of word decoding very fast. Most of the children in the sample were proficient
decoders, as revealed by the Rasch analysis of the decoding test, and more than half
could read real words at or above the prescribed level of 30 wpm. Thus, it appears
that the children in the sample had already approached—and some had undoubtedly
crossed—the critical threshold of decoding above which this process becomes
largely automatic and individual differences in decoding cease to be crucial to
reading comprehension. At this stage, the contribution of individual differences in
decoding to reading comprehension may be so small that it cannot be detected after

the differences in other cognitive abilities are accounted for.
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In contrast to decoding skills, linguistic comprehension was a powerful
predictor of reading comprehension. This result is consistent with previous research
in English and other alphabetic languages (see the Literature Review). What is
interesting, however, is that the effect of listening comprehension turned out to be
much greater than the effect of vocabulary. In fact, as the regression analysis
revealed, the former fully accounted for the latter. A possible explanation for this
result can be found in the nature of the vocabulary test used in this study. The test,
which is part of the Wechsler Intelligence Scale for Children, Russian Version
(Philimonenko & Timofeev, 2001), is a test of expressive vocabulary measuring
not only the ability to comprehend word meanings but also the ability to provide
definitions. The listening comprehension test, on the other hand, was a purer
measure of linguistic comprehension ability as it did not rely heavily on the clarity
of expression. In fact, to the extent that decoding ability no longer exerts an
additional influence on reading comprehension, both listening and reading
comprehension can be conceived as tapping the same ability, the ability to
comprehend language, oral and written. The listening test also served as an indirect
measure of receptive vocabulary, which has been shown to be a strong predictor of
reading comprehension (Goff et al., 2005). The presence of a receptive vocabulary
component in the listening test may also explain why it was highly correlated with
the vocabulary test.

The results of the multiple regression analysis also indicate the importance

of IQ to reading comprehension. In the present study, IQ had a substantial
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correlation with reading comprehension, exceeding that between reading
comprehension and vocabulary and reading comprehension and decoding rate.
Furthermore, IQ explained a large portion of variance in reading comprehension
when entered first in the regression equation. This result is consistent with previous
findings in English showing IQ to be a moderate predictor of reading
comprehension (e.g., Naglieri, 2001; Stanovich et al., 1984). An important
implication of this finding is that IQ should be incorporated into models of reading
comprehension—including those based on the Simple View—to account for
individual differences in nonverbal intelligence.

What is interesting is that IQ, linguistic comprehension, and decoding rate
could not account for all the variance in reading comprehension. This means that
other abilities not involved in this study are likely to influence the development of
reading comprehension in Russian children. One such candidate ability is
processing speed. Indeed, the inclusion of processing speed measures has been
shown to improve the predictive power of the Simple View formula (Joshi &
Aaron, 2000). Other possibly relevant abilities include working memory (Goff et
al., 2005; Swanson & Berninger, 1995) and the use of context, which were not

measured in this study.

Cognitive and Linguistic Abilities of Good and Poor Readers
Research Question 5 asked about the differences between good and poor

readers in the population on linear combinations of IQ, phonological awareness,
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listening comprehension, vocabulary, and reading comprehension and whether the
children in the sample could be correctly classified as good and poor readers based
on their scores on the five predictor variables. Two sets of direct discriminant
function analyses were performed, one with the whole sample split into two groups
and the other with the good and poor readers separated by a buffer zone. In both
sets of analyses the groups differed reliably on all five predictors, with reading
comprehension, phonological awareness, and vocabulary being the strongest
differentiating variables. The explanatory power of the discriminant function was
much greater in the more extreme groups where it explained more than twice as
much variance as in the less extreme groups (42% vs. 18%).

Further, in both analyses, there were strong correlations between vocabulary
and IQ, vocabulary and phonological awareness, and vocabulary and reading
comprehension, indicating that children with strengths in vocabulary were likely to
have higher nonverbal intelligence, better reading comprehension ability, and
stronger phonological awareness skills. The magnitude of the correlations was
greater in the more extreme groups. The classification accuracy for the original
sample as well as for a cross-validation run was moderate (kappa coefficient = .30)
for the less extreme groups and high (kappa coefficient = .63) for the more extreme
groups.

The analyses show a clear pattern in the profile of strengths and weaknesses
of young readers of Russian: The better a child’s word decoding skills, the more

likely that child is to comprehend what they are reading, demonstrate efficient
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access to phonology, and have a larger vocabulary. Moreover, children with
stronger decoding skills are likely to have higher 1Qs and better listening
comprehension ability, although the differences between good and poor readers on
these variables are smaller than on the other three variables. Obviously, because of
the correlational nature of the present study it is impossible to say with confidence
which cognitive abilities are causally related to reading. Nevertheless, several
tentative conclusions can be drawn from the patterns of association between
decoding and cognitive skills uncovered in this study.

First, the consistent differences between good and poor readers on reading
comprehension observed in the present study highlight the importance of decoding
to individual differences in reading comprehension. Children with deficits in
decoding ability are more likely to have problems with reading comprehension than
children who are proficient decoders. This finding underscores the importance of
bottom-up skills in reading, indicating that these skills may very well drive the
development of the reading system. It also strengthens the methodological
explanation provided earlier in this section for the failure of the multiple regression
analyses to reveal a unique contribution of decoding to reading comprehension.

Second, the reliable differences between good and poor readers on
vocabulary observed in the present study indicate the special role vocabulary plays
in both reading comprehension and word decoding. Such a role would be consistent
with recent findings in English-language research showing vocabulary to be not

only a unique predictor of both reading comprehension and word recognition
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(Nation & Snowling, 2004) but also a path to reading comprehension for some
children (Berninger et al., 2006). It is also compatible with Ehri’s (2002) view that
fluent word recognition depends on the reader’s familiarity not only with the
word’s pronunciation but also with its meaning.

Third, the differences between good and poor readers on phonological
awareness are consistent with the earlier result obtained in this study showing that
phonological awareness plays a role in determining decoding fluency in young
Russian readers. This result further contributes to the growing literature on the
importance of phonological awareness to the development of decoding ability in all
alphabetic languages. Furthermore, phonological awareness in this study showed
high correlations with vocabulary, indicating that it probably plays a role in the
development of verbal skills in young readers. It can be speculated, for example,
that an underdeveloped phonological ability would impede the development of an
effective system for mapping speech sounds onto units of meaning and interfere
with an efficient storing of new phoneme sequences in memory, thereby
constraining vocabulary growth. In her review of research on German-speaking
children with dyslexia, Landerl (2003) came to a similar conclusion.

Finally, the differences between the two groups on 1Q, together with the
strong intercorrelations observed among 1Q, reading comprehension, and
vocabulary appear to suggest that nonverbal ability plays an important role in both
reading comprehension and vocabulary development. This result is consistent with

previous research showing the importance of nonverbal ability to reading
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comprehension (e.g., Tiu et al., 2003) as well as a strong association between this
ability and vocabulary skills (e.g., Goff et al., 2005). It also strengthens the findings

of the multiple regression analyses on the role of 1Q in reading comprehension.
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Figure 9. A conceptual model of reading comprehension in Russian.

Taken together, the results of the multiple regression and discriminant
function analyses suggest a tentative model of reading comprehension in young
Russian readers. This model is shown graphically in Figure 9. As shown in the
figure, phonological skills (e.g., phonological awareness and RAN) drive the
development of efficient decoding skills, which in turn provide the foundation for
reading comprehension. However, decoding alone is not sufficient for reading
comprehension as meaning comprehension is also required. The importance of

meaning comprehension to reading is captured in the connection of linguistic
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comprehension (i.e., listening comprehension and vocabulary) not only to reading
comprehension but also to decoding. Finally, the model specifies a role for IQ in
the development of reading comprehension, linguistic skills, and phonological
skills and provides indirect support for Turner’s (1997) observation that many
reading problems may be a result of low intelligence.

This model also supports the Simple View of reading, in which reading
comprehension is a function of both decoding ability and linguistic comprehension
and shows that a deficiency in decoding will lead to deficits in reading
comprehension. However, the results of the present study clearly indicate that the
relationship between decoding and linguistic comprehension does not exhaust all of
the variance in reading comprehension ability. Furthermore, the unidirectional
influences of cognitive abilities on reading specified in this model are clearly
speculative and are equally likely to be reciprocal or even in the opposite direction,
at least for some abilities. More research is needed before a more definitive
conclusion can be drawn about the specific role of cognitive abilities in reading in

Russian.

Cognitive and Linguistic Profile of the Poorest Reader
Research Question 6 asked about the cognitive, linguistic, and reading
profile of the poorest readers in the sample. Only one child, a girl (NY), matched
the specified definition of extremely poor reading, scoring more than 2 SD below

the mean on both decoding accuracy and decoding rate. On the word reading test,
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NY was unimpaired on accuracy but showed marked deficits in speed. On the
nonword reading test, however, she was severely impaired on both speed and
accuracy, taking almost 13 minutes to read 48 items and scoring 7 SD below the
mean on decoding speed. Her performance on phonological awareness, short-term
memory, IQ, and vocabulary was unimpaired, whereas her performance on the
reading and listening comprehension tests was close to that of the poor readers. The
cognitive variable that most clearly separated NY from both the good and poor
readers was RAN rate.

Several conclusions can be drawn from NY’s reading performance. First, it
is clearly possible for children with weak phonological recoding skills to master
word reading in the Russian language given enough exposure to printed words.
Moreover, such children can achieve high accuracy in word reading even though
they may be unable to map precisely between the letters on a page and the sounds
they represent. Despite her severe impairment in phonological recoding as
indicated by her performance on nonword decoding accuracy, NY was able to
demonstrate average performance on word reading accuracy.

Second, consistent with previous research in transparent orthographies
(Porpodas, 1999; Wimmer, 1993), NY’s deficit in word reading manifested itself
primarily in effortful and slow decoding. Moreover, a comparison of NY’s
performance on morphologically simple and morphologically complex words
suggests a possible trade-off between accuracy and speed in her performance: On

the list of simple words, she scored 100% on accuracy but was 4.4 SD below the
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mean; in contrast, on the list of more complex words, she scored 70% on accuracy
but was only 1.5 SD below the mean. This result suggests that accurate word
reading in transparent orthographies is achieved by children with literacy
difficulties at the cost of slow and laborious processing of print.

What is puzzling, however, is NY’s apparently complete inability to read
any of the nonwords, including the simplest CVC items. Yet many previous studies
(e.g., Porpodas, 1999; Wimmer, 1993; 1996) conducted in languages with
transparent orthographies have shown that children with dyslexia can read at least
some of the nonwords accurately, although they almost always fall behind average
readers on this task. How, then, could NY’s utter failure with nonword reading be
explained? More important, how could this failure be reconciled with NY’s
seemingly unaffected word reading accuracy? I believe that a plausible explanation
lies in the notion of individual differences in dyslexia (Rack et al., 1992; Snowling,
2000). According to this view, individual differences between dyslexics depend on
both the severity of their core phonological deficit and the interaction of this
cognitive deficit with individual strengths and weaknesses. It is therefore possible
that NY’s reading performance reflects her individual, idiosyncratic style and use
of strategies resulting from her own pattern of cognitive strengths and weaknesses.

For example, it can be hypothesized that NY’s phonological deficit was so
severe that it prevented her —at least in the time that had passed since she began
learning to read—from forming fine-grained phonological representations needed

for the precise mapping between sound and print. Her apparent deficit in the
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automaticity of lexical access as revealed by her poor performance on the RAN test
(see Table 26) could have further exacerbated the problem, making verbal retrieval
difficult. These cognitive deficits—perhaps coupled with insufficient print
exposure—would then explain her inability to read nonwords. On the other hand,
NY’s above average 1Q and intact STM and vocabulary skills could have made it
possible for her to acquire, through the memorization of common letter patterns and
their pronunciations, a small sight vocabulary of high-frequency words. She would
then use these word-specific associations to visually recognize familiar words. In
this sense, NY’s representations of words would be coarse, underspecified, and
lexical-visual rather than sublexical-phonological, and her reading strategies would
be based on a visual approach.

To put this hypothesis to the test, I compared NY’s reading errors on the
two types of nonword used in this study—those that were visually similar to real
words and those that were visually dissimilar from real words. If this hypothesis
were correct, then visual similarity should make a difference to NY’s reading
performance, resulting in her errors on the visually similar nonwords being more
systematic. Specifically, I expected that on these nonwords, her reading errors
would be substitutions of the target items with similar-looking real words; on the
visually dissimilar nonwords, however, her reading errors would be much more
random. Moreover, she would need more time to find a plausible real-word
alternative for a visually dissimilar item than she would for a visually similar one,

which would result in larger naming latencies for the dissimilar items.
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A qualitative analysis of NY’s reading errors on the two types of nonword
stimuli confirmed these expectations. On the visually similar nonwords (n = 24),
she substituted 11 target items with the original words on which the nonwords were
based and the remaining 13 with very similar-looking alternatives (see Table 27).
In contrast, her errors on the 24 visually dissimilar nonwords were much less
systematic and in most cases, NY produced a much shorter word that resembled the
target item only in the first few letters. These errors suggest that she probably tried
to use a partial visual strategy to read the nonwords. A comparison of NY’s timed
performance on both types of nonword supports this conclusion: Although she was
equally inaccurate on both tests, NY could generate a pronunciation for a visually
similar nonword much faster than she could for a visually dissimilar one (see Table
25). Arguably this is because finding an acceptable real-word alternative for a
visually similar nonword takes less time than finding a suitable real-word
alternative for a dissimilar nonword, particularly one with an uncommon letter
pattern.

For decoding accuracy, however, this visual strategy was equally ineffective
for similar and dissimilar nonwords because such words are not present in one’s
mental lexicon and hence require precise mapping between print and sound for
accurate decoding. The use of the visual strategy may also explain why NY was so
successful on word reading accuracy: Because all the words on this test came from
age-appropriate textbooks, they were likely to be present in young readers’ mental

lexicon and could be recognized accurately even from coarse phonemic cues.
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The striking dissociation between NY’s word and nonword reading
performance and the dramatic difference observed in her reading of the visually
similar versus visually dissimilar nonwords suggests a certain degree of
independence between the processes of phonological recoding and sight word
recognition in Russian, at least for some children. This conclusion is supported by
evidence from English-language studies showing that many dyslexics are able to
acquire word recognition skills well beyond the level that would be expected based
on their phonological skills (e.g., Snowling, Stackhouse, & Rack, 1986). It should
be emphasized, however, that the conclusions regarding NY’s reading performance
are speculative and should be interpreted with caution because NY’s visual skills

were not tested directly in this study.

Table 27. NY’s Reading Errors

Visually similar NY’s reading Visually dissimilar ~ NY’s reading
nonwords nonwords

IOCKpa uckpa (spark) KOHTPAIlOHUCT KoHTOpa (office)

BCTpOYA crpouka (line) OJIOHTEepPCTAITUHT 6aioH (tank)

KoH(ara KoHpeta (candy) 6e3apé 6e3 (without)

JIPOBOCSIK npoBocek woodcutter)  meHepudyn TIeHEeK (stump)

It is also noteworthy that in absolute terms, it is not uncommon for non-
English dyslexics to show poor performance on nonword reading even after several
years of schooling. For example, Wimmer (1996) found that after four full years of

reading instruction, German-speaking dyslexics could read only about 80% of the
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relatively simple open-syllable nonwords such as foki and kerata correctly. NY was
tested after just one year of reading instruction and most of the items on the
nonword reading test were orthographically complex. It is possible that this time
was simply insufficient for her to establish more precise phonological
representations needed for the processing of print at the phonemic level.

NY’s cognitive and linguistic profile was similar to that of the average
readers in the sample with two exceptions: She was impaired on reading and
listening comprehension relative to the normal reader group and severely impaired
on rapid naming relative to both the good and poor readers. In fact, her
performance on RAN was more than 2 SD below the mean of the good readers and
more than 1 SD below the mean of the poor readers. This result is in agreement
with previous findings showing that in transparent orthographies, RAN is one of
the strongest predictors of literacy problems (see the Literature Review).

What is particularly remarkable is that NY demonstrated average
performance on all phonological awareness tasks. And yet her severe impairment
on nonword reading clearly indicates that her phonological skills could not have
been intact. Evidently the orthographic transparency of the Russian language must
create favorable conditions for the development of phonological awareness so that
even children with phonological deficits can acquire at least some phonological
skills during the first year of reading instruction. This finding is consistent with
previous research showing the difficulty of detecting phonological impairments in

poor readers and readers with dyslexia in transparent orthographies. Nikolopoulos
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and his colleagues (2003), for example, have argued that in such orthographies,
difficulties with phonology can be uncovered only with the more cognitively
demanding tasks such as those requiring phoneme transposition. This result
highlights the need voiced by many researchers (e.g., Goulandris, 2003a) to
consider reading disability in terms of the specific language of instruction because
its behavioral manifestations can only be identified with reference to the core
characteristics of the spoken and written language in use.

In summary, it appears that in Russian, a relatively transparent orthography,
word recognition can be achieved even with weak phonological skills because
coarse phonological representations suffice for accurate word recognition although
the weakness in phonology results in considerable delays. In contrast, nonword
decoding, which relies heavily on phonological processing and requires fine-
grained phonological representations becomes, in the absence of a well-developed
phonological system, an arduous and error-prone task. The findings also indicate
that measures of word reading accuracy would be of limited value in assessing
young children’s reading performance. The crucial indicators of children’s
difficulties in processing Russian orthography appear to be the time they take to
read both words and nonwords and the accuracy they demonstrate in decoding
nonwords. Furthermore, simple phonological tasks may be insufficient to uncover
problems with phonology in the Russian language, although poor performance on

RAN may indicate underlying cognitive deficits.
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Concluding Speculations: Implications of the Rasch Analysis

The Rasch analysis conducted in the present study makes it possible to
assess the psychometric properties of the two commercial testing instruments used,
the Vocabulary Subtest of the Wechsler Intelligence Scale for Children, Russian
Version (WISC, Philimonenko & Timofeev, 2001) and the Kaufman Brief
Intelligence Test, 2" ed. (KBIT-2, Kaufman & Kaufman, 2004). The usefulness of
these tests is discussed below.

The Vocabulary Subtest of the WISC is a popular measure of verbal ability
in Russia, where it is used for both research and practical purposes such as to
diagnose developmental delays (Kornev, 2006). However, the results of the present
study suggest that the test in its present form may be inappropriate for children in
early elementary grades. A large discrepancy was revealed between the level of
difficulty of the test items and the level of ability of the children in the sample, with
the mean item difficulty being more than 2 SD above the mean person ability. The
failure of many of the children in the present study to define clearly even the
simplest words on the test such as knife, bicycle, and pillow is particularly
worrisome as it suggests that the assumptions on which this test is based do not
reflect the level of ability and knowledge that young Russian children can be
realistically expected to demonstrate. Further, although the fit statistics and the
PCA of standardized residuals showed that the test tapped a unidimensional
construct, the fit statistics revealed a large number of overfitting items (more than

30% of the test), which indicates that at least a third of the items on this test
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provide a limited amount of useful information about the children’s vocabulary
knowledge.

In contrast, the results for the KBIT-2 indicate that this test can be a useful
tool for obtaining a quick estimate of a child’s intelligence, for example, for
screening purposes to identify children who may benefit from remedial programs.
The test appears to be well targeted for children in the early elementary grades, and
it features high reliability and very high internal validity as revealed by the PCA of
standardized residuals. However, as shown in the Rasch item-person map (see
Figure 7), the test may benefit from some modification for use with young school
children. For example, it could be shortened by eliminating the first section and
reducing the length of the last section, and the order of the items could be re-
arranged to reflect the progression of difficulty revealed by the Rasch analysis.

An important finding revealed in this study by the Rasch analysis is that
word and nonword decoding represent essentially the same construct. Previous
studies have often treated word and nonword reading as different measures—the
former as a measure of word recognition and the latter as a measure of
phonological recoding and have even used nonword reading to predict word
reading. The justification for such treatment comes primarily from dual-route
theories of reading (Coltheart, Curtis, Atkins, & Haller, 1993; Coltheart, Rastle,
Perry, Langdon, & Ziegler, 2001), which assume the existence of two distinct paths
by which readers can arrive at a word’s pronunciation: a phonological path, which

relies on letter decoding, and a direct visual path, which relies on visual-
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orthographic processing in lexical access. According to these theories, real words
can be read using both a phonological and a visual strategy whereas nonwords,
which presumably are not contained in lexical memory, can only be read by
phonological recoding. Thus, nonword reading becomes a test of the integrity of
the phonological system.

However, the present study does not support the existence of two separate
paths to meaning, at least for normally developing children learning to read a
transparent orthography such as Russian. As was revealed by the Rasch analysis,
both the word and the nonword reading tests were closely related and both
appeared to tap the same underlying ability. This means that at least for normally
developing readers of Russian, word reading, just as nonword reading, is achieved
primarily through phonological recoding, which readers in the present study used
with various degrees of success.

This finding provides further support for the psycholinguistic grain-size
theory (Ziegler & Goswami, 2006), which stipulates differential development of
the reading system in different orthographies. It also cautions against the use of
nonword reading to predict word reading in normally achieving children learning to
read a transparent orthography, because these abilities appear to be largely
equivalent and their unique predictive variance would hardly be informative.
Investigations into the relationships between cognitive tasks and predictors of
reading ability must take into account the fact that both word and nonword reading

tests tap the same latent construct, at least in regular orthographies.
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CHAPTER 7

CONCLUSION

Summary of the Findings

The present study investigated the concurrent predictors of decoding and
reading comprehension in young Russian readers in order to identify the strongest
independent predictors and to determine to what extent predictors of reading in
Russian are similar to those in other languages, most notably in English. The
structure of common phonological awareness tasks was also examined to determine
if they tap the same underlying ability in Russian. Furthermore, the cognitive and
linguistic abilities of good and poor Russian readers were explored to determine the
largest sources of difference. The particular strength of the present study is in the
use of truly objective, highly reliable, interval-scale measures of ability used to
represent the main constructs. These measures allow me to have confidence in the
results, which is further bolstered by the convergence of these results with those of
other multivariate studies.

The present study supports the findings from other alphabetic languages,
particularly those with transparent orthographies, showing that the progress
children make in learning to read is related to individual differences in both
phonological awareness and RAN skills and extends these findings to the Russian
language. The finding that phonological awareness was also a reliable differentiator

between good and poor readers further supports the important role of phonology in
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fluent reading development in transparent orthographies. The similarities between
the cognitive predictors of reading observed in this study of Russian children and
those observed in other transparent languages suggest that models of literacy
development, and hence theories of literacy deficits, may, to some extent,
generalize across alphabetic languages.

Yet, the present results also indicate that the role of cognitive abilities that
affect reading development and their relative importance in predicting reading
achievement may depend, at least in part, on the features of the orthography a child
is learning. Specifically, the role of phonological skills in predicting Russian word
reading, although important, appears to be much smaller than that typically
observed in English and less substantial than the role of rapid naming. Further,
verbal short-term memory as measured in this study was found to be unrelated to
reading ability. These results are attributed to the effect of the Russian orthography,
which appears to enable direct print-to-sound conversion thereby permitting, in the
presence of sound-letter knowledge, the sequential assembly of word
pronunciations. As such, these results provide additional support for the role of
language-specific factors in the development of the reading system and highlight
the importance of incorporating mechanisms capable of accounting for language-
specific differences into existing reading models.

With regard to reading comprehension, partial support was found for a
positive connection between the efficiency of word decoding and the accuracy of

reading comprehension. This support came in the form of a significant correlation
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observed between decoding and reading comprehension as well as a reliable
difference that emerged between good and poor decoders on reading
comprehension. However, in the multiple regression analyses, decoding failed to
account for additional variance in reading comprehension after IQ and linguistic
comprehension were included in the regression equation. This result is interpreted
as further evidence for the role of the writing system in determining the relative
weight of abilities that are important to reading in a given language. The
straightforward nature of the Russian script must have made it possible for many
children in the sample to acquire, just after one year of reading instruction, a level
of decoding sufficient for accurate word recognition and as a result, decoding
stopped exerting an additional influence on reading comprehension.

The results of the present study also highlight the importance of linguistic
abilities to both word reading and reading comprehension. Linguistic
comprehension was a reliable predictor of reading comprehension even when the
differences between the children in IQ were statistically controlled. On the other
hand, children who were better readers tended to have larger vocabularies and
better listening comprehension skills. Further, nonverbal ability was found to be a
significant predictor of reading comprehension, accounting for a substantial portion
of variance. These results indicate that the operation of both word reading and
reading comprehension may, to some extent, be shaped by general language
competence as well as general intelligence, at least in children who have achieved a

certain level of decoding skill. They also suggest the need to incorporate measures
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of nonverbal intelligence—and possibly vocabulary—into reading models based on
the Simple View of reading.

Another important finding concerns the nature of phonological awareness
ability. The results of the Rasch analysis indicate that the phonological tasks of
rhyme and phoneme detection, phoneme segmentation, and phoneme deletion used
in the present study tap the same underlying ability in the Russian language. These
findings add to a growing literature in English and other languages showing that
phonological awareness is best conceptualized as a single ability that can be
measured by tasks of varying linguistic complexity and cognitive demands. For
practical purposes, this means that phonological awareness can be accurately
assessed even in children who have not yet begun to read.

Further, the present study provides a glimpse into the patterns of difficulty
dyslexic readers may exhibit in the Russian language. Just like in many other
transparent languages, in Russian, too, dyslexia appears to present primarily as a
speed deficit in both word and nonword reading and as an accuracy deficit in
nonword reading. On the other hand, the relative transparency of the Russian
orthography appears to permit even readers with phonological deficits to achieve a
high level of accuracy in word reading. Further, the intact performance of the
dyslexic child on the phonological battery observed in the present study
underscores the difficulty of identifying phonological deficits in readers of a
transparent orthography. These results raise doubts about the appropriateness of

generalizing studies of dyslexia predominantly conducted in English to other
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orthographies. They also highlight the need for creating language-appropriate tools
for assessing literacy problems.

From a practical perspective, these results suggest that in the Russian
language, reading speed may be the more appropriate measure of reading
achievement than reading accuracy, although nonword reading accuracy may also
indicate literacy problems. Further, RAN tasks are probably the most sensitive
measure to use in screening programs to identify children with literacy problems.
Phonological awareness tasks may also be helpful in differentiating good from poor
decoders, although they may be of limited value with at least some dyslexic
individuals.

Finally, the findings of the present study provide indirect support for the
psycholinguistic grain-size theory of reading (Ziegler & Goswami, 2005), which
stipulates differential development of reading strategies in response to the nature of
the orthography a child has to master, particularly the degree of its transparency.
This support comes primarily from the Rasch analysis of word and nonword
reading tests, showing that both tests tap the same underlying ability in normal
readers of Russian. Contrary to the findings of English-language research, which
has documented several separate routes to meaning in word reading including
reading by analogy and reading by whole-word strategies, in Russian, lexical
access in reading appears to rely almost exclusively on phonological recoding, at

least in young average-ability readers. This finding supports the conclusion that the

244



nature of word reading may be qualitatively different in consistent versus

inconsistent orthographies, at least at an early stage of reading development.

Limitations and Suggestions for Future Research

Several characteristics of the present study limit the generalizability of the
obtained results. First, the correlational nature of the present analyses prohibits the
attribution of causality to the results and precludes any causal inference about the
relationship between the cognitive and linguistic abilities measured in this study
and reading achievement. Although phonological awareness and RAN were found
to be reliable predictors of decoding whereas linguistic abilities and 1Q were found
to be reliable predictors of reading comprehension, the exact role of these abilities
in determining the reading outcome remains speculative. Training studies can help
disambiguate the nature of some of the relations observed in the present study,
particularly between phonological awareness, rapid naming, and decoding and
between linguistic and reading comprehension.

Another important limitation of this study is its concurrent nature. Although
the present study provides a first glimpse into the process of reading acquisition in
the Russian language, reading was investigated here only at one point in time.
Recent longitudinal research in English and other languages, however, has revealed
the time-limited effects of many cognitive abilities on reading achievement and has
demonstrated that the relationship between reading and various cognitive and

linguistic abilities related to it changes over time as a function of age, teaching, and
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the amount of print exposure. Under these circumstances, longitudinal studies of
reading become particularly important as they can clarify how the relationship
between decoding and reading comprehension on the one hand and nonverbal
ability, phonological awareness, rapid naming, verbal memory, and linguistic
ability on the other changes in the course of development.

Third, the obvious limitation of this study is the relatively small sample
size. Although the sample size was considered adequate based on the preliminary
estimation of effect size for the predictor variables, this estimation was based on
studies in languages other than Russian and as such, was bound to be approximate.
The insufficiently large sample size may account for the failure to obtain stronger
correlations between cognitive and reading measures in a number of analyses.
Clearly the findings require replication with a larger sample. Nevertheless, the high
reliability and internal validity of the truly continuous measures employed in the
present study as well as the convergence of many of the present findings with those
that have been reported previously for other transparent languages allows me to
have high confidence in these results.

Further, this study was conducted in Moscow, which is not only the biggest
city in Russia but also one that has traditionally been viewed as the most desirable
for residence, with better schools, better health-care, and better social
infrastructure. It is therefore difficult to generalize results obtained with Moscow
children to all Russian children. Clearly findings obtained in less developed and

less affluent geographical locations would be different, at least to some extent. An
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important direction for future work is to investigate reading development in
children living in non-Moscow regions. This is particularly important if we are to
create reliable standardized assessment instruments to gauge reading progress and
reading development of children across Russia. Nevertheless, the present results
provide a first glimpse into the pattern of normal reading development in the
Russian language from the cognitive perspective and as such may generalize to
other average-ability children living in large Russian cities.

Another potential limitation arises from the test administration procedures
used in this study. Because the tests took an average of 90 minutes per child, an
obvious concern is the presence of maturation effects including fatigue, boredom,
and loss of motivation. Furthermore, since some of the tests were administered by
an assistant, it can be argued that the differences in style and personality may have
introduced inadvertent bias in the outcome. However, while acknowledging that it
is hardly possible to eliminate the risk of bias completely under such testing
conditions, I believe that any potential bias is unlikely to have been substantial for
the following reasons. First, the tests were ordered in a way that allowed alternating
cognitively demanding tasks with easier ones in order to maintain the child’s
interest and motivation. Second, the children were constantly monitored for signs
of fatigue or boredom and were encouraged to take a break if they felt they needed
one. Most of the children appeared at ease during testing and they seemed happy to
participate. Finally, to minimize the chances of bias due to the differences in style

between the examiners, all tests that relied heavily on auditory processing (e.g.,
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phonological, RAN, STM, and listening comprehension tests) were administered
by the same examiner and under the same voice conditions to all the children.
Finally, the present study has focused on cognitive and linguistic factors of
reading achievement. However, it is clear that other, non-cognitive factors may
affect the reading outcome as well as the process of reading development. These
factors may include, among other things, the teaching method, the amount of print
exposure a child has had, and family encouragement. Another important factor that
was not investigated in the present study is the use of context in reading and its
effect on both word decoding and reading comprehension. In the present study,
reading was measured using word lists to obtain a purer measure of decoding
ability. However, in real-life situations, reading tasks usually involve the use of
context, which can significantly facilitate both word recognition and meaning
comprehension, particularly for poor readers. Future research should focus on these
unexplored areas of reading and reading comprehension to tease apart the
contribution of these factors to the concurrent and longitudinal development of

reading skills among Russian children.

Conclusion
The present study is a first attempt to investigate systematically the role of a
specific set of cognitive and linguistic abilities in the concurrent prediction of word
decoding and reading comprehension in the Russian language. As such, it extends

many of the findings of previous research to the Russian language. The analyses
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revealed similarities between the main psychological operations involved in
Russian reading and those that have been described in other languages, including
English. These similarities include the importance of phonological and RAN skills
to word decoding, the role of general intelligence and linguistic comprehension in
determining reading comprehension, and the manifestations of reading disability.
These results provide further support for the conclusion that reading in all
alphabetic languages may involve similar cognitive and metalinguistic
mechanisms. However, the present study also uncovered a number of important
characteristics that make Russian reading distinct from reading in other languages.
These characteristics concern the involvement of verbal short-term memory in
decoding, the role of decoding in reading comprehension, and the pattern of
cognitive and reading skills exhibited by poor readers. Taken together, the findings
of the present study support the view that reading in all alphabetic languages is
characterized by both universal and language-specific features. Furthermore, they
provide the foundation for the construction of language-appropriate models of
reading development and reading disability in the Russian language.

This study has made several important contributions to the scientific study
of reading. First, it has clarified the relative contribution of a number of cognitive
and linguistic abilities to reading development in the Russian language, thereby
making it possible to place Russian reading within the framework of existing
theories of literacy development and cross-linguistic reading research. Second, it

has clarified the measurement properties and psychometric usefulness of a battery

249



of tests designed to measure cognitive abilities and reading achievement in young
Russian children and has prepared the ground for the development of culture-
appropriate, theoretically justified, and scientifically objective reading and
cognitive assessment tools. Third, it has confirmed the unidimensional structure of
phonological awareness ability, thereby contributing to the resolution of a long-
standing controversy over which phonological units are more important to reading
development, and has shown that this ability can be assessed by a variety of
linguistically and cognitively diverse tasks. Finally, the present study has clarified
the main sources of difference between good and poor Russian readers, described a
pattern of difficulty Russian dyslexic readers may exhibit in the course of reading
acquisition, and indicated which tests might be most effective in the detection of

literacy difficulties in the Russian language.
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APPENDIX A

RHYME DETECTION

Examiner: Listen as I say three words. Two of them sound similar, but the third one
does not. Tell me which one sounds different from the other two.

Example: moii, 60ii, BOp
Practice item: coK, poK, JIy4

Test items:

1. rox, pot, COH 7. coor, 610K, QuIOT

2. TeHb, 11IeJb, I1€Hb 8. OpoBB, CPOK, KPOBb
3. yac, map, xap 9. Opart, rpaa, Mpak

4. MBI, TV, OWIT 10. npyr, kpyr, Opak

5. o1, KOJI, MEJI 11. nBepb, XBOPb, 3BEPh
6. ny0, 100, 3y0 12. xnuH, OIUH, CIIOH
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13.
14.
15.
16.

17

OWHT, BUHT, 30HT
MOPT, MapT, COPT
BECTh, KOCTbh, TOCTh
JIOCK, BOCK, IIOCT

. MOCT, BOCK, pOCT
18.

PHCK, MHCK, JIUCT



APPENDIX B

INITIAL ODDITY

Examiner: Listen as I say three words. Two of them start with the same sound but
the third one starts with a different one. Tell me which one starts with a different
sound.

Example: moii, mak, yu
Practice item: cok, poT, CbIH

Test items:

1. nocs, nyK, caj 6. cHer, cBaT, 3BOH

2. rych, ap, ot 7. BHYK, Bpar, ¢JoT
3. pax, pbICb, JIEB 8. ctym, Opar, clioH
4. cop, UIUT, ChIH, 9. 3ByK, KJIEH, Kpail
5. map, up, KyK 10. xnace, Kkpyr, 1BOp
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APPENDIX C

FINAL ODDITY

Examiner: Listen as I say three words. Two of them end with the same sound but
the third one ends with a different one. Tell me which word ends with a different
sound.

Example: cbiH, nax, ayn
Practice item: ObITB, JaJIb, MaTh

Test items:

1. cok, yK, Bap 6. MOCT, )XU3Hb, OaHT
2. 4ac, puc, KOHb 7. IUpK, BOCK, JIECTh
3. OBIT, MEIL, BOJI 8. copT, ImycK, OUHT
4. mor, 3y0, IUT 9. OyHT, mapk, TudT
5. neB, poB, Jaib 10. mapT, puck, Mojx
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APPENDIX D

PHONEME SEGMENTATION

Examiner: I am going to say some made-up words. Listen and when I finish saying
a word, tap out the number of sounds in it.

Example: pyn
Practice item: xun

Test items:

1. cux 4. kpyH 7. OpuHT 10. wrpym 13. cnpukc
2. MOTh 5. ciom 8. LIBEPK 11. crpan

3. qad 6. BHaK 9. mconbT 12. Bcionb
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APPENDIX E

PHONEME DELETION

Examiner: I'm going to say some made-up words and I want you to drop a
particular sound from each word—TI’1l tell you which one. And then I want you to
say the new word.

Example: pém (without "p")
Practice item: mock (without "mr"

Test items:

1. mon without "m" 5. 6poxk without "p" 9. nad without "¢"
2. pym without "p" 6. TBeHn without "B" 10. TeiM without "m"
3. kauc without "k" 7. yakc without "k" 11. ract without "1"
4. mnér without "m" 8. Hoybub without "mp" 12. mupk without "x"
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NONWORD REPETITION

APPENDIX F

Examiner: I’'m going to say some made-up words. Listen carefully and after I finish
saying a word, repeat it as best as you can.

Example: myn
Practice item: 1yM-cun

Test items:

1. Tyn 7. py-Out

2. cen 8. meH-Ten

3. 6amc 9. 6an-xon

4. rpan 10. npuH-g070
5. XOHT 11. Tadp-nect
6. KIHpT 12. cMa-nieHT

13.
14.
15.
16.

17

Oap-ka-30H
6aH-1u-dep
CTH-K3-pUH
CKU-TU-KYIBT

. Kpa-cTe-pep
18.

IJIM-CTE-PUHK
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19.
20.
21.
22.
23
24.

na-Ho-pU-TaH
THU-HY-pa-30T
aM-TLTy-Bap-CHHT
4yep-KIU-CTe-pPOHK

. (hoH-TpaH-ca-MHUCT

KJIOH-3CpP-CKa-MOJIbT



APPENDIX G

FORWARD DIGIT SPAN

Examiner: Listen carefully as I say some numbers. They will get longer and longer.
Repeat each number as best as you can.

Example: 35 (pronounced “three, five”)
Practice item: 2, 5, 6 (two, five, six)

Test items:

Trial 1 Trial 2

43 16

792 847

5941 7253
93872 75396
152649 216748
3745261 4925316
82973546 69174253
246937185 371625948
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APPENDIX H

RAN-OBJECT

Examiner (after confirming that the child is familiar with the names of the objects):
I want you to name these objects as fast as you can, OK? You can start now.

G

s S

rd

P

o"o 1=

~oo0@=50®

G

&=/~ 0<@FK

rd

9 o o |
=@fr==0 DO @ P
@O~ EB=>=0 @

284



APPENDIX I

RAN-DIGIT

Examiner (after confirming that the child is familiar with the names of the digits): I
want you to name these digits as fast as you can, OK? You can start now.

2 3 S5 6 7
5 2 3 7 6
5 6 7 3 2
7 3 6 S5 2
3 2 5 6 7
6 7 2 5 3
3 S5 7 2 6
5 3 6 2 7
2 3 6 7 5
7 S5 3 2 6
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APPENDIX J

WORD READING

Examiner: I want you to read these words as fast as you can and without mistakes.

List 1

1. nec

5. Turp

9. AKOpb

13. cioxoBan
17. cnpammuBaet

List 2

1. Goit

5. KopM

9. ronoc

List 3

1. pa30oiHUK
5. KOpMyIIIKa
9. rosIocuCTHIN
List 4

1. kopugop

5. BCTPEBOXKUTH
9. IEUCTBUTEIIHLHO

2. IIeHb

6. BecHa

10. npy3bst

14. MHOXECTBO
18. mpoxyxokana

2. coH
6. my0a
10. uyBCcTBO

2. CTIPOCOHbS
6. momymryook
10. mouyBcTBOBaAN

2. INIACTWINH
6. mokanyicra
10. BcoJsIomuiInce

3. kport

7. mocka

11. ceppé3no

15. moxacHeXHUK
19. 3abnyaunach

3. IyTh
7. neno

3. HaAyBHOU
. be3nmemymika

\]

3. mpeBpaTUTh
. OTEYECTBO

3
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4. BOIK

8. uoér

12. mo3apaBuin

16. HEM3BECTHO
20. moarisiapIBaTh

4. Mmyan
. ccopa

oo

4. moMyascs
. TIEPECCOPHUTH

o0

4. OTIIBBIPHYJ
. pa3zpapuics

o0



APPENDIX K

NONWORD READING

Examiner: I want you to read these words as fast as you can and without mistakes.
These are not real words but you try to read them as best as you can.

List 1 (nonwords visually dissimilar from real words)

~ DN W =

9.

11
13
15
17

. coit
. KOopc

. CTYp
. bamman

KHCaH
. JECHbBTHO
. bezapé

. IPYHAXHU
. MyTBIAIINC

19. nenepudyn

21
23

. KOHTPAMOHHUCT
. OMILTU(OPBEHT

2. 0oH
4. cHEM
6. TpoJb
8. xanen

10.
12.
14.
16.
18.
20.
22.
24.

qHurpa

JBITILIaH
M3Ka0yII
KaJampan
OYHUKIHIIb
¢bunOpU3Ep
NEPIUTHCTEPOHK
OJIOHTEPCTAITMHT

List 2 (nonwords visually similar to real words)

~ DN W =

11

13.
15.
17.
19.

21

23.

. J1ac

. KCHb

- TYyTp

. aBOII
. 3aBBIJ

. 3YBUCTb
Mara3oH
KOpPYTKUHI
CIIPBITAJICSA
BOJIHBIHUE

. 3CKaJIyTOp
npeaynpenan

2. HaX

4. nplUIb
6. cTaid
8. Bbéra

10.
12.
14.
16.
18.
20.
22.
24.
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FOCKpa
BCTpOUa
KoH(paTa
JPOBOCSIK
MOANPATHYJI
yAuBaNIach
pacKaIsiHHBIN
TPONYYECKHI



APPENDIX L

READING COMPREHENSION

Examiner: Now let’s read. I want you to read these stories aloud and then I will ask
you some questions about each story. Answer my questions as fully as you can.

Story 1

B nome y Hac xun &xuk. On 0611 pydyHoid. Korga ero riaaunm, oH nprKuMal K
CIIMHC KOJIFOYKHU U JCJIAaJICSI COBCEM MAT'KHUM. 321 9TO MBI €TI0 HpO3BaJII/I HyH_IKOM

Bompocsr:
1. O KOM roBOpPHUTCS B 3TOM pacckase?
2. Tlouemy exa npo3Banu [lymxkom?

Story 2

B nerckom cany 6b110 MHOTO Urpyliek. Pedsra urpamm Bce Bmecte. Mim O0b110
Beceno. Tonpko Jluma He urpan. OH coOpait 0Koso cedst Lenylo Kydy UTpyIIeK U
OXpaHsI uX OT AeTer. “Moé! Mog€!” — kpuuai oH, 3aKpbIBasi UTPYLIKU PYKaMH.
Emy Ob110 CKy4HO.

Bormpocsr:
1. Yro nenanu pedsATa B IETCKOM cay?
2. Tlouemy Jluma He urpan?
3. Tlouemy eMy OBLIIO CKY4HO?

Story 3

Manpuuk urpai v pa3omwi HeyasHHO JOPOTryro yaiky. Hukro He Bugai.
Orern mpumien u cpocuit: “Kto pazoun?” Manbuuk 3aTpsiccsi OT cTpaxa M cKa3al:
“S”. Oren ckazan: “Cmacubo, uyto mpaBay cka3zai. [IpaBaa Bcero qopoxe”.

Bompocsr:
1. Yro caeman Manp4uk?
2. Tlouyemy OH 3arpsiccsl OT CTpaxa Ha BOIpoc oTua?
3. Tlouemy oterr ckazai criacu0o?
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Story 4

OpHaxx 7wl K n30e JIeCHUKa 13 yaim npubexan 6apcyk. Ha romose y Hero
CTEKJIsSIHHAs 0aHKa HajeTa, Kak ckadgauap. CMOTpUT OapCyK CKBO3b 0aHKY, a CHSTh
ee He MOeT. UTo-To BKycHOE ObUIO B 0aHKE, BOT 3BEPEK U MOMNAJICS. 3a MOMOIIIBIO
OH mpuOexan K yenoBeky. JISCCHUK akKypaTHO pa30ui 6aHKy U 0CBOOO U
6enusry. CyactiauBblii 0apcyk OBICTPO CKPBUICS B €ITbHUKE.

Bompocsr:
1. Yro 3acTaBmiio 6apcyka 0OpaTUTHCS 3a TOMOIIBIO K YeJIOBEKY?
2. Kak ronosa 6apcyka oka3zanach B OaHke?
3. Kyna npubexan 3Bepék?
4. Kak necHUK oMor OemHsre?

Story 5

Camas masieHbKas Tuuka — Koauopu. OHa pazmepom ¢ 6a6ouky. Camoe OobIioe
KHUBOTHOE Ha 3emiie — ciIoH. OH JOCTUTaeT BBICOTHI 0 TPEX MeTpoB. Kpomeunas
NTHYKA U OTPOMHBIN CJIOH HUBYT B TEIUIBIX CTpaHAaXx.

Bomnpocsr:
1. Kakas ntuuka camasi MajgeHbKas?
2. Kakoro ona pa3zmepa?
3. Kakoil BBICOTBI 1OCTUTAET CJIOH?
4. T'nme KUBYT Kpollieueasi NTUYKa U OTPOMHBIN CJIOH?
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APPENDIX M

LISTENING COMPREHENSION

Examiner: I’'m going to read you some stories and then I’ll ask you some questions
about each story. Listen and try to answer the questions as fully as you can.

Story 1

MpblI ¢ nanoii ryJisuid B mapke. Bapyr Ha 10p0KKy BBICKOYHII MMYIIACTBINA 3BEPEK.
Oto ObLTa pyuHas Oenka. S Opocun et opex. OHa cxBaTHIIa €0 U OBICTPO 3apblia
o cocHo. Tak Oesrouka aeiajga CBOU 3alrachl.

Bomnpocsr:
1. I'me mpowusomen 3TOT ciayyaii?
2. 3auem Oenka 3apbuia opex?

Story 2

Kto Ttakne nuarsunel? [TuHrsunae! — 310 ntunsl. Ho nTunsr ocodenusie. OHU HE
yMmeroT JieTaTh. [IMHrBHHBI XOpoio miaBatoT. [Tumnry oHu 100BIBaIOT B BOJIE, a
OOJIBIIIYIO YaCTh CYTOK MTPOBOIAT HA CYIIIE.

Bompocsr:
1. Kro Taxue nUHTBUHEI?
2. B yeMm 0co0OeHHOCTH 3TUX HTHIL?
3. T'nme onum noOwIBaroT cebe mumry?

Story 3

Jlroau cTamu roBOpUTH OYEHb JaBHO. VIM HYXHO ObLTO JOOBIBATh MUY, CTPOUTH
xwuuiia. Coo01ia 3To aenats npome. Y mroau 3Banu apyr Ipyra Ha oMoIIb. Tak
I104ABUJI1ACh yCTHa}I peqb.

Bompocsr:
1. O 4ém roBopuTCS B ’TOM pacckasze?
2. Kaxk nosiBunach ycTHas peub?
3. [ns gero mroau 3Bajiv APYT Apyra Ha MOMONIh?
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Story 4

Buts norepsin 3aBTpak. Ha Gosbiioit mepemene Bce pedsrta 3aBTpakaiy, a Burs
ctosin B cropoHke. “Tlouemy Tl He emb?” — cnpocuit ero Komst. “S 3aBTpak
notepstn’. “Ilnoxo”, - ckazan Komusi, oTKychiBas 00JbI1I0M KycOK Oenoro xneba. “A
re Thl ero notepsiin?” — cnpocwn Muma. “He 3Har0”, — TUX0 cka3an Buts u
oTBepHyJcs.” Thl, HABEpHOE, B KapMaHe HEC, a HA/l0 B CYMKY KJIacTb , - CKa3ajl
Mumia. A Bonoast Huyero He cnpocwii. OH nojaouen k Bute, pazinoMu nomnojaam
KYCOK XJieba ¢ MacjioM M MpoTsHyN ToBapumy: “‘bepw, emp!”

Bompocsr:
1. T'’me mpousomien 3TOT ciry4ai?
2. Tlouemy Buts cTOST B CTOPOHKE U HE 3aBTpaKan?
3. CKOJIbKO TOBapHUIIEH MOJOIUIA K HeMY?
4. Tlomor nu KTO-HUOYAb U3 HUX Bure?

Story 5

Cepéxa nosyumst mucbMo oT apyra. OH )kuBET B MockBe. AHApPE MUIIET O CBOEM
KJlacce. Y Hero xopouiue Apy3bs. HegaBHo y Hero ObUT J€Hb POXKACHUS, U €My
MOIapWIINA KOJUIEKIIUIO MapoK.

Bomnpocsr:
1. Kro nomyunn nucsmo ot gpyra?
2. I'nme xxuBétr Anapeit?
3. O 4éM OH IMIIET B NUCHME?
4. Yto emy nofapuiid Ha I€Hb POXKIACHUA?
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APPENDIX N

READING COMPREHENSION (ENGLISH TRANSLATION)

Story 1

In our home, there lived a hedgehog. When it was patted, it lowered its quills and
became completely soft. Because of that, we called it Fluffy.

Questions:
1. Who is the main character of this story? [Lit.: Who is this story about?]
2. Why was the hedgehog called Fluffy?

Story 2

There were many toys in the kindergarten. The children played all together. They
were having fun. Only Dima wasn’t playing. He gathered a whole bunch of toys to
himself and guarded them from the children. “They’re mine, mine,” he cried,
covering them with his hands. He was bored.

Questions:
1. What were the children doing in the kindergarten?
2. Why wasn’t Dima playing?
3. Why was he bored?

Story 3

The boy was playing and he accidentally broke an expensive cup. No one saw it
happen. His father came and asked: “Who broke the cup?” The boy started to
tremble with fear and said, “I did.” The father said, “Thank you for telling the truth.
Truth is the most precious thing.”

Questions:
1. What did the boy do?
2. Why did he start trembling with fear when he heard his father’s question?
3. Why did the father say “thank you”?
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Story 4

One day there came running from the depth of the forest to the forester’s hut a
badger. On its head, like a spacesuit helmet is a glass jar. The badger is looking
through the jar, but cannot take it off. There was something tasty in the jar, and
that’s how the little animal got trapped. For help, it came running to a human. The
forester gently broke the jar and freed the poor thing. The happy badger
disappeared in the fur-grove.

Questions:
1. What made the badger seek help from a human?
2. How did its head end up inside the jar?
3. Where did the little animal come running to?
4. How did the forester help the poor thing?

Story 5

The smallest bird is the humming bird. It’s the size of a butterfly. The biggest
animal on Earth is the elephant. It can reach the height of three meters. The tiny
bird and the giant elephant live in warm countries.

Questions:
1. What bird is the smallest?
2. What size is it?
3. What height can the elephant reach?
4. Where do the tiny bird and the giant elephant live?
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APPENDIX O

LISTENING COMPREHENSION (ENGLISH TRANSLATION)

Story 1

My father and I were strolling in the park. Suddenly a fluffy animal ran out onto the
path. It was a tame squirrel. I threw it a nut. The squirrel grabbed it and quickly
buried it under a pine tree. That’s how the little squirrel was making its supply of
food.

Questions:
1. Where did this incident take place?
2. Why did the squirrel hide the nut?

Story 2

What are penguins? Penguins are birds. But [they are] a special kind of birds. They
cannot fly. Penguins swim well. They find food in the water and spend most of the
day on land.

Questions:
1. What are penguins?
2. How are they different from other birds?
3. Where do they find food?

Story 3

People began to talk a very long time ago. They needed to find food, build
dwellings. This is easier to do through cooperation. So people called on each other
for help. And that’s how oral speech appeared.

Questions:
1. What is this story about?
2. How did oral speech appear?
3. Why did people call on each other for help?
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Story 4

Vitya lost his breakfast. During the long recess, all the children were eating
breakfast, but Vitya was standing apart from them. “Why aren’t you eating?” asked
Kolya. “I lost my breakfast.” “That’s too bad,” said Kolya, biting off a big piece of
white bread. “Where did you lose it?” asked Misha. “I don’t know,” Vitya said
softly and turned away. “You must have carried it in your pocket, and you should
put it in your bag,” said Misha. And Volodya didn’t say anything. He came up to
Vitya, broke in half a piece of buttered bread, and handed one half over to his
friend. “Here, eat!”

Questions:
1. Where did the story happen?
2. Why was Vitya standing apart from the other children and not eating?
3. How many friends approached him?
4. Did any of them help him?

Story 5

Seryozha received a letter from his friend. He lives in Moscow. Andrei writes about
his class. He’s got good friends. Recently he had a birthday and was given a
collection of stamps for a present.

Questions:
1. Who received a letter from a friend?
2. Where does Andrei live?
3. What is he writing about in the letter?
4. What did he get for his birthday?
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APPENDIX P

RUSSIAN TEST BATTERY

DaMUJIUA YYEHUKA, BO3PACT

Baok 1: ®ouoaornyeckue TecTnl

DOoHOTOTUYECKHH OJIOK COCTOUT U3 MATH TECTOB. DTH TECTHI TAIOTCS PEOCHKY B
TOM NOPSIZIKE, B KAKOM OHU yKa3aHbl. [lopsiiok 3agaHuil B KaKI0M U3 3TUX TECTOB
MIPOM3BOJILHBIN U BEIOUpaeTCs IK3aMEHATOPOM.

Tect 1 (rhyme detection)

Jk3aMeHaTop: «f Tebe ceifuac MpousHecy Tpu clioBa. J[Ba U3 HUX 3BydaT MOXOXKeE,
a TpeTbe—HeT. Thl UX MOCIyIIal U CKaXKH, KAKOE CJIOBO 3BYYHT I10 APYTrOMY, TO
€CThb OTJINYAETCS OT IBYX ApYyrux. Bor Hanpumep....» (IpaBUIbHBIN OTBET
BBIJICIICH).

IIpumep u npoba: mMoii, 60ii, BOP; JIy4, COK, POK

1. rox, pot, COH 7. cnor, 610K, (10T 13. OMHT, BUHT, 30HT

2. TeHb, WIeJb, JIE€Hb 8. 6poBb, CPOK, KPOBH 14. mopt, MmapT, cOpT
3. gac, map, xap 9. Opart, rpaa, Mpak 15. BecTh, KOCTH, TOCTH
4. MBI, ITWJI, OWJT 10. opyr, kpyr, Opak 16. 10CK, BOCK, IMOCT

5. o, KOJI, MeJI 11. nBepb, XBOPB, 3BEPH 17. mocT, BOCK, pOCT

6. 1y0, J100, 3y0 12. xyuH, O1UH, CJI0H 18. puck, m1cK, JIUCT
Tect 2 (initial oddity)

Ix3amenaTop: " Tebe ceituac mpousHecy TpH clioBa. J[Ba M3 HUX HAYMHAIOTCS C
OJIHOTO U TOTO € 3BYKa, a TpeThe—HEeT. Thl UX MOCTYIIai U CKaXXH MHE, KaKoe
CJIOBO HAYMHAETCS C APYroro 3Byka. Bot Hanpumep...." (MpaBUIbHBIA OTBET
BBIJICIICH).
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IIpumep u npoda: Moii, Max, Jy4; COK, POT, CbIH

1. nocs, nyK, cag 6. cHer, CBaT, 3BOH

2. TyCh, Map, 0T 7. BHYK, Bpar, ¢or
3. pax, pbICb, JieB 8. cTyn, Opart, cioH
4. cop, AT, CbIH, 9. 3ByK, KJIEH, Kpai
S. map, xup, XKyK 10. xnace, Kpyr, ABOp

Tect 3 (final oddity)

Jx3aMeHaTop: «f Tebe ceifuac mpousHecy Tpu ciioBa. J[Ba N3 HUX KOHYAIOTCS Ha
OJIMH U TOT K€ 3BYK, @ TpeTbe—HeT. Thl UX NOCIyIIail U CKa)KU MHE, KaKOE CII0BO
3aKaH4YMBAETCS Ha ApYyrou 3Byk. Bot Hanpumep....» (IpaBUIIbHBIN OTBET BBIJEIIEH).

IIpumep u npoda: ceiH, naH, AyJa; ObITh, 1aJ1b, MaTh

1. cok, nyK, Bap 6. MOCT, KH3Hb, OQHT
2. 4ac, puc, KOHb 7. LHPK, BOCK, JIECTh
3. OBIT, MEJI, BOII 8. copT, mycK, OMHT
4. not, 3y0, LT 9. OyHT, mapk, TupT
5. neB, poB, AAJb 10. MmapT, puCK, OJIK

Tect 4 (phoneme segmentation)

Jk3aMeHaTop: «5 TeGe celfyac CKkaxy CI0BO, TOJIBKO OHO HE HACTOALIEE, a
npuaymanHoe. Thl ero nociymiai ¥ OCTy4u KapaHAAlloM 10 CTOIY CTOJBKO pas,
CKOJIbKO B 3TOM CJIOBE 3BYKOB. BoT, Harmpmep, eciiv Thl IyMaellb, 4To B ¢JI0BE 3
3BYyKa, IOCTYYH 1O CTONY 3 pasa, a eciu S — 1o 5 pa3. BoT ecnu s Tebe ckaxy
cJI0BO "pyH", Tl IOCTYYHILb 10 CTONY 3 pa3a, IOTOMY YTO B 3TOM CJIOBE 3 3ByKa—
p, vy, H. Hy, naBaii monpoOyem» (1aTh mpoOHOE CIIOBO).
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IIpumep u npoda: Pyn (3 pa3za); kun (Tpu paza)

1. cux 4. kpyH 7. OpuHT 10. wrpym 13. cnpukc
2. MOTb 5. ciom 8. 1IBEpK 11. crpan
3.qad 6. BHaK 9. mconbT 12. Bcionb

Tect 5 (phoneme deletion)

JIx3aMeHaTop: «f Tebe ceifuac ckaxy CIIOBO, TOJIBKO OHO HE HACTOsIIIEe, a
BBIMBIIIJIEHHOE, @ YTOOBI C/IENaTh U3 HETO HACTOSILEE, Thl JOJKEH yOpaTh
orpeiesieHHbIN 3BYK. S Tebe ckaxy, kakoi. Harmpumep, eciiu u3 cnosa "pém”
yopats "p", To monyuutcs "€m'", na? Hy, naBait monpodyem». BHUMAHMUE:
ITpousnocuts 3BykH kak 3BYKU, a He kak OykBel. [Ipu HeoOXxonumocTi
MOBTOPUTH.

IIpumep u npoda: pém (6e3 "p") = éur; nutock (6e3 "m") = 10ch

1. MoH 6e3 "M" 5. 6pok 6e3 "p" 9. nag 6e3 "¢"
2. pym 6e3 "p" 6. TBeHb O€3 "B" 10. TeIM O€3 "M"
3. kauc 6e3 "K" 7. vakc 6e3 "K" 11. ract 6e3 "T"
4. mér 6e3 "m" 8. HOMTbub O3 "B 12. mupk 6e3 "k"

Baok 2: Tectbl Ha [IpoBepky KpaTkocpounoii IlamsaTu

OTOT OJIOK COCTOMT U3 ABYX TECTOB. TE€CTHI NAIOTCsl peOEHKY B TOM MOpPSAKE, B
KaKoM OHH yKazaHbl. [lopsiiok 3aanuii B KaKI0M TecTe (PUKCUPOBAHHBIN.

Tect 1 (HOBTOpPEeHHE BHLIMbBIIIJICHHLIX CJI0B)

Ox3amenatop: " tebe ceifuac Oyay TOBOPUTH CIIOBA, TOJBKO OHU HE HECTOSIIIHE,
a mpuayMaHHble. Thl UX IMOCTapaics IOBTOPUTH Kak MOKHO TouHee. Hanpumep,
€CJIH s CKaxy cJI0BO "MyH", Thl moBTopus "MyH", na? Hy, naBait monmpodyem".
BHUMAHME: [Tponu3HOCUTH ClI0BA YETKO, MOHOTOHHO U CIINTHO C MHTEPBAJIOM B
OJIHYy ceKyHay. He moBTOpsATH HU B KOeM ciryyae!
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1. Tyn
2. cen
3. 6amc
4. rpan
5. XOHT

6. KIHpT

7. py-Out 13.
8. meH-Ten 14.
9. 6an-xon 15.
10. mpuH-107 16.

11. Tadp-nect 17.

12. cma-TieHT 18.

Tect 2 (moBTOpPEeHUE HH(DP)

Oap-ka-30H
OaH-1u-dep
CTH-K3-pUH
CKU-TH-KYJIBT
Kpa-cTe-pep

TJIIN-CTC-PUHK

19.

20.

21

22.

23.

24.

na-Ho-pU-TaH

TU-HY-Pa-30T

. AM-TLTy-Bap-CHHT

9Yep-KIJIN-CTe-pPOHK
($hoH-TpaH-ca-MUCT

KJIOH-3€p-CKa-IOJIBT

Ik3ameHaTop: " tebe ceifuac CKaxy HECKOIBKO ITU(P, a Thl UX MPOCTO MMOBTOPH.
Xopomo? Hanpumep, eciu st cKaxky "TpH, IIATh", Thl IOBTOPULIb "TPH, IATH",
npaBuibHO? Tebe moHATHO, uTo HaAo nenarhk? Hy, naBait mompoOyem.

BHUMAHMUE: IIpou3HOCHTh KaXX1yI0 IU(PPY YE€TKO 1 MOHOTOHHO, C HHTEPBAJIOM
B 1 cexynny. [lopsinok cnenyrouuii: Psin A nonwitka 1, Psin A noneitka 2, Psig b
noneiTKa 1, Psim b mombiTka 2 u Tak ganee. B rpade "lIpaBmibHo/HeT" mocTaBuTh
ILJTIOC, €CJIM OTBET MPABWIbHBIA U MUHYC, €CITM OTBET HEMPABUIIbHBIM.

IIpumep u npoda: 35 (tpu, n4t1e); 256 (ABa, NATH NIECTD)

Psn | Ilonbitka 1 | IlpaBusibHo/Het ITonwiTKa 2 ITaBunsao/HeT
A 43 16

b 792 847

B 5941 7253

r 93872 75396

yi| 152649 216748

K 3745261 4925316

3 82973546 69174253

n 246937185 371625948

Baok 2: Tectsl Ha [IpoBepKy ABTOMaTH4eckoro Jlocrvna

bnok cocrout u3 AByX TecToB. TecThl 1alOTCs peOEHKY B TOM MOPSAKE, B KAKOM

OHH YKa3aHBI.

299




Tect 1 (KAPTUHKHN)

[Tokaxxute peOEHKY KapTHHKH, UCIIOJIb3YEMbIE B 3TOM TecTe, U cpocure, "Kak
Ha3bIBAIOTCS ATH TipeaMeThl?" Eciii peOeHOK MpaBMIIbHO Ha3Bajl BCE MPEIMETHI,
noJjioxkuTe nepea HuM IIpunoskenue 1 ¢ psgamu KAPTUHOK TaK, YTOOBI OH BUJIEI
TOJIBKO TMIEPBBIE ABA psZia U CKaKuTe: "A Tenepb Ha30BU ATH KApTUHKU MOJAPSA KaK
MOKHO ObIcTpee." YOenuBIIUCh, 4TO peOCHOK MMOHUMAET, YTO OT HETro TpedyeTcs,
OTKpPOMTE BCE KAPTUHKU U CKAXKUTE: "A Teneph Ha30BU BCE 3TH KAPTHUHKU C HavaJla
U KaK MOXHO ObIcTpee." 3acekure BpeMs Ha cekyHnomepe. [locie okoHuanus
3aJlaHusl, IPOCTaBbTE BpeMsl BHU3Y B CTpoKe «Bpemsi».

BHUMAHME: Ecnu npenioskeHHbIe peOCHKOM Ha3BaHUS OTIUYAIOTCS OT
Ha3BaHUil B 3TOM TecTe (HanpuMmep, peOCHOK TOBOPHUT "30HTHK" BMECTO "30HT"),
ucnpaBbTe peOeHka. Ha3piBaTh KAPTUHKY Ha JIUCTE CIIEAYET FTOPU3OHTANIBHO, B PAIL.
Jliis sToro tecta ucnonb3yercs Ilpunoxenue 1.

IIpaBWiIbHBIEC HA3BAHUS KAPTHUHOK: CTYJ, KOCTb, TOPT, M54, 30HT

Bpewmst:

Tect 2 (b pbI)

[TokaxwuTte pebeHKy U PHI, UCIIOIb3YEMbIE B 3TOM TECTE, U MOMPOCUTE UX
Ha3BaTh. Eciiu peOeHOK MpaBUIILHO UX HA3Bal, MOJIOKUTE Tiepe HuM [Ipunoxenue
2 ¢ psagamu 1udp Tak, YTOOBI OH BHJIET TOJBKO MEPBBIC /IBA PsAZla U CKaKUTE: "A
Tenepb Ha30BU ATU LUQPHI MOJIPSIT KaK MOXKHO ObIcTpee.” Y OeuBIINCE, YTO
peOCHOK TOHMUMAET, YTO OT HEro TpeOyeTcs, OTKPONTE Bce MUMPHI U CKaXHUTE: "A
Tereph Ha30BH BCE ATH MU(DPHI ¢ HAYaIa U KaKk MOKHO ObicTpee." 3acekuTe Bpems
Ha cexkyHnomepe. [locie okoHYaHUs 3a/1aHus, IPOCTaBbTE BPEMsI BHU3Y B CTPOKE
«Bpemsi».

BHUMAHME: Ecnu npeioskeHHbIE peOEHKOM Ha3BaHUS OTIMYAIOTCS OT
Ha3BaHUU B 3TOM TecTe (Hanmpumep, peOeHOK TOBOpHUT "nBoiika" BMecTo "aBa'"),
ucnpasbTe pedeHka. Ha3piBaTh UG PHI HA TUCTE CIEAYET TOPU3OHTAIBHO, B PSI.
s sToro tecra ucnosb3yercd [Ipunoxenne 2.

IIpaBubHBIE HA3BAHUA HU(P: 1BA, TPH, ITITh, IECTh, CEMb

Bpewmsi:
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Baok 4: UYtenue Cj0B

Jk3ameHaTop: «[Ipountaii MHe, oxainiycra, 3TH ciaoBa. YuTall UX B CTPOUKY, a
HE B CTOJIOUK, M TaK OBICTPO, KaK TOJIBKO MOXKeEITh, HO 0e3 ommbok. Homepa He
IIpou3HOCH.» JlJ1s 3TOro TecTa ucrnob3yrores aUucTsl B [Ipunoxenun 3. Bpems
3aceKaercs U KaKIO0Tro JIMCTa OTAEIbHO. [1opaIoK JINCTOB U CI10B
(buKCUPOBaHHBIN U OTMHAKOBBIN /Ui BeeX. JlaiiTe peOeHKy cHavana OJIuH JIUCT,
3aCEKHUTE BpeMs, a ITOCJIe OKOHYAHUS YTECHUS, IIPOCTaBbTE 3TO BpeMs. IloTom naiite
€My BTOpPOH JIUCT U CHOBA 3acekute Bpems. ClieyeT 3anucarh HENPaBUIbHO
IIPOM3HECEHHBIE CJIOBA TaK, KaK peOCHOK X nmpousHec. [1o BO3MOXKHOCTH OTBETHI
3ammucarh Ha MarHUTO(OH.

Baok 5: UYrenue BoiMbinieHHBIX CJ10B

Ik3ameHaTop: «J[aBait MbI ¢ TOOOI emie mounTaeM. BOT 3/1ech HammucaHsbl CI0Ba,
HO TOJIBKO OHH HE HACTOAIIMUE, a mpuayMaHHbie. [lonpoOyii uX mpodnTaTh.
[TocTapaiicst unTath OBICTPO U aKKypaTHO, 0e3 omuOok. YuTail B CTpOUKYy, 1O
HoMepam. Homepa He mpouszHocu». [[s 3TOro Tecta UCNoiab3yIOTCS JUCTHI B
[Tpunoxenun 4. Bpems 3acekaeTcs 1151 KaXA0ro JIMcTa oTAeNbHO. [Topsiaok
JIMCTOB M CJIOB (PMKCUPOBAHHBIM U OJJMHAKOBBIN 17151 Bcex. [laiite pebeHky cHavana
OJIMH JIUCT, 3aCEKUTE BPEMS, a I10CIIE OKOHYAHUSI YTEHHUSI, IPOCTABBTE ITO BPEMS.
IToToM pmaiiTe emy BTOpOI JIUCT U CHOBA 3acekute Bpems. Cienyer 3anucarthb
HEMPaBUIbHO MPOU3HECEHHBIE CIIOBA TaK, KaKk peOeHoK ux mpousnec. 1o
BO3MO>XHOCTH OTBETHI 3aIMCaTh HA MATHUTO(OH.

BJaok 6: Iounmanue Ipountangoro Ha Cayx

Ik3ameHaTop: «J Tede ceifuac MpOYNTAIO0 HECKOJIBKO paccka3oB. Thl ux
MoCyyIIai, a MoToM s Tebe 3a7aM 0 HUM HECKOJIbKO BorpocoB. IlocTapaiics Ha
HuX oBeTUTh. Xopomo?» BHUMAHME: Ha3zsanusa HE uurtats. [locie kaxmoro
pacckasa 3aJ1aBaTh BOIPOCHI U KOPOTKO 3aIlUChIBaTh OTBETHI. Eciiu oTBET
HETOHATEH, 33/1aTh YTOYHSIOIINE BOMPOCHL. YUTaTh KaX bl paccKka3 OJUH pa3s.

Paccka3s 1: Beaka
MpblI ¢ nanoii ryJisuid B mapke. Bapyr Ha 1Op0KKy BBICKOYHII MMYIIHUCTBINA 3BEPEK.
Oto ObTa pyuHas Oenka. S Opocun et opex. OHa cxBaTHIIa €ro U OBICTPO 3apblia
oz cocHo. Tak Oesrouka aeiajga CBOU 3alrachl.

Bomnpocsl
1. I'me mpowusomen 3TOT ciayyaii?
2. 3auem Oenka 3apbuia opex?
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Paccka3 2: IIMHTrBHHBI
Kto taxue nmuarsnuel? [Inareues! — 310 nruikl. Ho mrumsl ocooeHusie. OHU HE
YMEIOT JieTaTh. [[MHrBUHBI XOpoIIo maBatot. [Tumny oHu 100BIBaIOT B BOJIE, a
OOJIBIITYIO YacTh CYTOK IMPOBOJIST HA CYIIIE.

Bonpocsl
1. Kto Takue NUHIBHHBI?
2. B ueMm 0cOOEHHOCTH PTUX MTHUILL?
3. T'me onm noObiBaroT cede numry?

Paccka3 3: YcTHas peub
Jlrogu cTamu roBOpUTH OYEHb JaBHO. VIM HYXHO ObLTO JOOBIBATh MUIIY, CTPOUTH
xuuiia. Coo01ia 3To aenats npoie. Y mroau 3Banu apyr Ipyra Ha oMoIIb. Tak
I10sIBUJIaCh YCTHaSI peqb.

Bomnpocsl
1. O 4eMm roBopuTCS B 3TOM pacckasze?
2. Kaxk nosiBunach ycTHas peub?
3. [ns gero mroau 3Bajiv APYT Apyra Ha MOMONIb?

Paccka3s 4: Tpu ToBapuma

Buts notepsin 3aBTpak. Ha Gospinoit mepemene Bce pedsta 3aBTpakainu, a Buts
CTOSUI B CTOPOHKE.

- Ilouemy TbI He emb? — cripocu ero Koss.

- Sl 3aBTpak norepsu.

- IInoxo, - ckazan Ko, oTKychIBasi 00JBIIION KyCOK Oesoro xeoa.

- A rne TbI ero norepsn? — cinpocun Muiia.

- He 3Haro, — Tuxo ckazan Buts u orBepHyJics.

- Tl HaBepHOE, B KapMaHe HEC, a HAJ0 B CYMKY KJIACTh, - CKa3ayl Muua.
A Bonoasg mudero He cripocuii. OH nojomen k Bute, pa3nmoMui rmomnosiam Kycok
xJyie0a ¢ MacjaoM U MPOTSHYJ TOBAPHIILY:

- bepu, ems!

Bonpocsl
1. I'me mpowusomen 3TOT ciayyaii?
2. Ilouemy BuTtd cToss1 B CTOPOHKE U HE 3aBTpaKa?
3. CKoOJbKO TOBapHILEN NOJAOLUIN K HEMY?
4. Tlomor nu KTO-HUOYIH U3 HUX Bute?
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Paccka3s S: IIucbmo
Cepéxa nosyuyms nucbMo oT apyra. OH )kuBET B MockBe. AHApEi MUIIET O CBOEM
KJ1acce. Y Hero xopouiue Apy3bs. HegaBHo y Hero ObUT J€Hb POXKACHUS, U €My
MOJIapHIIN KOJUIEKIIUIO MapoK.

Bonpocsl
1. Kro nmomyunn nucsmo ot gpyra?
2. T'nme xxuBétr Anapeit?
3. O 4éM OH IMIIET B NUCHLME?
4. Yto emy noJapuiid Ha I€Hb POXKIACHUA?

Bjaoxk 7: MaTpuubl (HeBepoanbubiii MHTENIEKT)

Jast aToro tecra ucnonb3yercst Cyorect Matpuiiel Tecra KBIT-2 (Kaufman, A., &
Kaufman, N. (2004). Kaufman Brief Intelligence Test (an ed.). Circle Pines, MN:
AGS.).

O0mme npasuiia

1. Tlompocure pebeHKa oOKa3aTh Ha KAPTUHKY, KOTOPYIO OH CYUTAET CaMOM
MOAXOIALICH B KaXXI0M Borpoce. Hukakue mojacka3ku He JOIMyCKaroTCs.

2. Tect npekpaiaercs nocie YeThblpex HeMpaBUIbHBIX OTBETOB MOAPS/I.

3. Ecnm peGeHOK CIHIIIKOM JIONTo JyMaeT Haj BOompocoM, ckaxute: "[Ipocto
BbIOEpH JI00YI0 KAPTUHKY" U UANUTE JajblIIe.

4. OtBeTtbl peOeHKa (JIAaTUHCKUE OYKBBI YKa3aHHBIX KAPTHHOK) yKa3aTh B
OtBerHoM Jlucre B [Ipunoxxennn 5.

IIpaBuia 1Jis1 0TAEJIbHBIX BOIIPOCOB

Sample A: «DT1a kapTUHKA (MOKAXUTE HA MAIIUHY) MOJIXOIUT K OJTHOW M3 ITHX
(mokakute Ha Bech psif). [lokaxku, K Kakoil U3 HUX OHA OOJIBIIE BCETO MOIXOIUT».
Ecnm peGenok nmpaBUiIbHO OTBETHII, IEPEXOUTE K BOMPOCY 1, eciiu HEeT, 00BSICHUTE
crenytomiee: "Oto MamuHa. OHA MOIXOAUT K TPY30BUKY (IIOKa3bIBast). Y 00oux
€CTh KoJIeca | JIIoIM Ha HuX e31aT. Hy, naBaii eme pa3». [loBropute 3TOT *%Ke
BOIIPOC.

Bomnpoc 1: «Dta kapTuHKa (MoKa3bIBasi Ha TY(III0) K KaKOi OO0JIbIIIEe BCETO

noaxoauT?» Ecinu oTBeT HempaBwIIeH, 0OBSICHUTE, MMOYEMY 3Ta KapTUHKA TIOJIXOIUT
K KapTUHKE HOTU—IIIOJIM HOCAT Ty Ha Horax. [ToBTOpuTe 3TOT BOIpOC.
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Bomnpoc 2: «Jta kapTuHKa (IM0OKa3bIBas HA MOHETHI) K KaKOU OOJIBIIIE BCETO
noaxoauT?» [Ipu HEempaBUILHOM OTBETE, OOBSICHUTE, YTO MOHETHI TTOJAXOJIST K
O0aHKHOTaM—U Te U Ipyrue—aeHbru. [loBTopuTe 3TOT BOIpOC.

Bonpocsl 3-9: «Ota kapTUHKa (IIOKa3bIBasi HA BEPXHIOIO) MOJXOIUT OOJIbIIE BCErO
K KaKOW W3 3TUX (TIOKa3bIBas Ha psia)»? 3anummTe oTBeT peoeHka. Hukakux
MO/ICKA30K ¥ 00bSICHEHHUI 3/1eCh He 1aBaTh.

Sample B: «Orta kapTuHka (oKa3bpiBasi HA MOPKOBb) MTOJIXOUT K 3TOH (KPOJIHK),
TaK € KakK U 3Ta (KOCTh) MOJAXOIUT K KaKoi u3 3TUX (HWxkHUM psia)»? [Ipu
HEMpPaBUIILHOM OTBeTe 00bsICHUTE: KpOoJIMK ecT MOPKOBB, a cOOaKa—KOCTb.
[ToBTOpPHUTE BOMIpOC.

Bonpoc 10: «<3Ta xapTuHKa (MamyMHa) TOAXOAMT K 3TOU (JOpOTa) TaK )Ke KaK U 3Ta
(s1XTa) MOAXOIUT K KaKOM U3 3TUX (HWKHUHU psig)»? [Ipu HEnmpaBUiIbHOM OTBETE,
00BSCHHTE, YTO MAIlIMHA €3/IUT T10 JA0POTe, a IXTa—I0 Boje. [loBTOpuTe 3TOT
BOIIPOC.

Bonpoc 11: «Ota kapTuHKa (KPOJIUK) HOAXOAUT K 3TOM (KpOJIMYBH YIIIH), TAK K€
Kak M 3Ta (CJIOH) MOAXOUT K KaKo# u3 3TUX (HWKHUH psaa)»? [Ipu HempaBUIbHOM
0TBETE, OOBSICHUTE, YTO YIITU KPOJIUKA BHITJISAAT TakK (TTOKa3bIBasi HA KAPTUHKY), a
YIIU CJI0OHA—TaK (IMOKa3bIBasi HA KapTUHKY). [loBTOpHTE BOMpOC.

Bonpocsr 12-22: [TokakuTe Ha 3HaK Bompoca u crpocute "Kakas kapTHHKaA Croaa
nmoaxonut?" Hukakux moacka3ok M OObSICHEHUI HE 1aBaTh!

Sample C: «Bce 31 Kycouku (IIOKa)XUTE HA HUKHUHN PsA) UMEIOT OIMHAKOBYIO
dbopmy. Kakoit n3 Hux noaxoaut croaa»? (Ilokaxure Ha 3HaK Borpoca.) [Ipu
HENPaBUIBHOM OTBeTE 00bsCHUTE: B 3TOM psany (BepXHMIA) MAYU TaKue, a B ’TOM
(amxHUN)—Takue. [IoaToMy B 3TOM psity Bce MSYU JTOJDKHBI OBITh TaKHE
(mokakute Ha KApTHHKY QyTOONBHOTO Ma4a). [loBTOpUTE STOT BOIIPOC.

Bonpoc 23: [Tokaxxute Ha 3HaK Bonpoca u cripocute: "Kakas kapTHHKa croaa
noaxoaut?" [Ipu HempaBUILHOM OTBETE 00BsicHUTE: "Bech 3TOT psam (JIeBbIH)—
BEJIOCHUIIEIBI, @ 3TOT (CpeIHUN)—TPy30BHKHU. [109TOMY 3TOT psif TOTKEH OBITH
BO3/YyIIHbIC Aphl" (IMOKa3bIBasi Ha MPaBUIbHBINA OTBET). [loBTOpHTE 3TOT BOIpOC.

Bonpoc 24: [Tokaxxute Ha 3HaK Bompoca u cripocure: "Kakas kapTUHKa Croza
noaxoaut?" Ilpu HempaBmwIbHOM OTBeTe 00bsAcHUTE: "B BepxHeM psny,
BEPTHUKAIbHbBIE JINHUU IIUPOKO PacCTaBIEHbI, a PUTYpbl—TPEyTONbHUK, KBAApPaT U
Kpyr. B cpenHem psiny BepTUKAIbHBIC IMHUU OJIMKE IPYT K APYTY, & GUTYPHI
takue xe. [loaTomy B 3TOM psiny (HY)KHUI) BEPTUKAIBHBIC IMHUU JOJKHBI OBITh
elre OJIMXKe IPYT K APYTY, a B IIEHTPE AODKEH ObITh KBanpar. [loatomy
MPaBWIBHBIA OTBET—ATOT" (MoKakuTe Ha kapTuHKY F. [ToBTOpHuTE BOMpOC.

304



Bonpocsl 25-46: [TokaxxuTe Ha 3HaK Bompoca u crpocute: "Kakas kapTHHKa Croaa
noaxonut?" Hukakux oObsICHEHUI HE 1aBaTh!

Baok 8: CaoBapublii TecT

B stom 651oke ucnonwsiyercs CiioBapusbiii CyOTect Tecta Bekcnepa, pycckuit
BapuaHT (OmwimmMoneHko, 0., u Tumodees, B. (2001). Tecm /[. Bexcaepa:
Jluaenocmuxa cmpykmypul unmeniekma (Oemckuil éapuanm). Memoouueckoe
pykogoocmeo. Cankr-llerepOypr: Umaron, ctp. 30-43.).

Baok 9: Hounmanue IIpouynTanHoro

Ik3amMeHaTop: «JlaBaii MbI C TOOOW HEMHOXKKO MmovynTaeM. Bot 31ech ecTh
KOPOTKHE paccKa3bl, Thl UX YUTAH BCIYX, a sl IOTOM TeOE 3a/1aM MO KaXKIOMY
HECKOJIbKO BOIpocoB. Xopomo?» Pacckassl B [Ipunoxxennn 6. PebeHok untaer
BCayx. Bo Bpems uTeHns He00X0AUMO cpa3y MOMPABIATH HEMPABUIBHO
npounTaHHble cioBa. [locie Hauana yreHus, 3acedb BpeMs; Mociie OKOHYaHUS,
MIPOCTABUTH €r0 B CTPOKE «BpeMsi». [locie uTeHus Kaxa0ro pacckasa, 3aaBaTh
BOIPOCHI (BHU3Y). [10 BO3MOXXHOCTH OTBETHI 3aMMcaTh Ha MarHUTO(OH.

Paccka3s 1: Ilymox
Bpems:

1. O KoM roBOpPHUTCS B 3TOM pacckase?
2. Tlouemy exa npo3Banu [lymkom?

Paccka3s 2: B nerckom cany
Bpems:

1. Yto nenanu pedsita B JETCKOM cany?
2. Ilouemy Jluma He urpan?
3. Tlouemy emy ObUIO CKY4HO?

Paccka3 3: IIpaBaa Bcero qopoxe
Bpems:

1. Yro caenan manbuuk?
2. IlouemMy oH 3aTpsiccs OT cTpaxa Ha BONpOC oTua?
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3. Tlowemy oreln ckazan cnacu6o?

Paccka3s: bapcyk

Bpems:
5. Yro 3actaBmiio 6apcyka 0OpaTUTHCS 3a TOMOIIBIO K YeJIOBEKY?
6. Kak ronoa 6apcyka okaszanach B 6aHke?
7. Kyna mpubesxan 3Bepék?
8. Kak necuuk nmomor 6emusre?

Paccka3s 5: KoaiuOpu u cJjion

Bpems:
1. Kakas ntuuka camasi MajgeHbKas?
2. Kakoro ona pa3zmepa?
3. Kakoil BBICOTBI 1OCTUTAET CJIOH?
4. T'nme ®UBYT Kpollleueasi NTUYKa U OTPOMHBIN CJTOH?
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Ipuaoxenue 2
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Jluer 1

1. nec

3. KpoT

5. THrp

7. nocka

9. AKOpB

11. cepbé3no

13. cmoxoBan
15. noacHeXHUK
17. cnpammuBaet

19. 3a0ayaunach

Jluer 2

1. 6ot
5. KopM

9. rojoc

2. COH

6. mry0a

IIpuaoxenue 3

2. II€Hb

4. BOJIK

6. BecHa

8. umér

10.

12.

14.

16.

18.

20.

Apy3bsi
M03/IpaBHII
MHO>KECTBO
HEU3BECTHO
MPOXKYXoKaIa

OO IAABIBATh

3. IyTh

7. nemno

10. uyBCcTBO
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4. Mmyan

8. ccopa



Jluer 3

1. pa30oitHUK
5. KOpMyIIIKa

9. TOJIOCUCTEIN

Jlucr 4

1. kopuaop

3. IpeBpaTUTh
5. BCTPEBOXKUTH
7. OTEUECTBO

9. NeliCTBUTEIBHO

2. CIPOCOHBS 3. HayBHOM
6. momymryook 7. 6e3nenyIika

10. mouyBcTBOBAN

2. IIaCTUIIVH

4. OTIIBBIPHYI
6. nokanyicra
8. pa3bsipuics

10. BCOOJIOIMMUIIHCE
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4. moMyaics

8. mepeccopuTh



JIner 1

1. coii

3. Kopc

5. ctyp

7. Gammait

9. kucan

11. nennTIO

13. 6e3apé

15. npynaxu
17. myThIiimmc
19. nenepudyn
21. KOHTPANIOHUCT

23. MU (OPBEHT

2.

4,

Ipuaoxenue 4

0oH

CHEM

6. IpoJib

8.

10

12.

14.

16.

18.

20.

22.

24.

KaJieu

. 9Urpa

JIBIITAH
U3Ka0yII
KaJanpaH
OYHUKIUITH
dbuHOpHU3Ep
HEePILUTUCTEPOHK

OJIOHTEpCTAITHHT
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Jluer 2

1. nac

3. KEHb

5. Tyrp

7. aBoII

9. 3aBbI]

11. 3yBUCTB
13. marazon
15. xopyTkuit
17. cupeitancs
19. BonHbIHKE
21. ackanyTop

23. mpenynpenai

2. HaX

4. bUIb

6. crand

8. Bbéra

10. rockpa

12. BcTpoua

14. xougara

16. npoBOCsIK
18. mognparsnyn
20. yauBasach
22. pacKaJsiHHBIN

24. Tpony4eckuit
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Ipuaoxenue 5

[TocraBbte B rpade "OTBeT" OYKBY, COOTBETCTBYIOIIYIO KAPTHHKE, HA KOTOPYIO
ykazan pedeHok. [IpekpaTuth TecT nocie 4 HenmpaBUIbLHBIX OTBETOB NOAPSIAL.

Bompoc IIpaBujabHbBIN OTBET OTtBer pedeHka

Sample A
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Sample C
23

24

25

26

27

28

29

30

31

32

33
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Ipuaoxenue 6

Pacckas 1
B nome y Hac xwuin €xuk. On 0b11 pyunoit. Korpa ero
[JIAIWIIH, OH MPHKUMAJ K CHUHE KOJFOYKH U JENaJCsl COBCEM

MSTKUM. 3a 3TO MbI €ro mpo3Baiu [Iymkom.

Pacckas 2
B nerckoM cany Obl10 MHOTO Hrpyliek. PeOsita urpanu Bce
BMmecte. MM Ob11o Beceno. Tonbko Jluma He urpain. OH coopan
OKOJIO Ce0s ey 0 Kydy UTPYIIIEK U OXPAHST UX OT JETCH.
“Moé€! Moé€!” — kpruan OH, 3aKpbIBast UTPYIIKU pykamMu. Emy

OBLIIO CKYYHO.

Pacckas 3
Map4uk urpai u pa3ouia HeuasHHO JIOporyto Jamky. Hukto

He Bunan. Oren npuien u cnpocui: “Kto pazoun?” Manbuuk
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3aTpsccs oT cTpaxa u ckazai: “S”. Oren ckazan: “Cnacubo,

4yTO mpaBAy ckasai. [IpaBma Bcero mopoxe™.

Pacckas 4
Onnax bl kK n30€ JTeCHUKa U3 JaIy npudexan 6apcyk. Ha
roJIOBE y HEero CTeKJIsTHHAs OaHKa HajeTa, Kak ckadaHp.
CmoTpuT 6apCcyk CKBO3b OaHKY, a CHITh €€ HE MOXET. UTO-TO
BKYCHOE ObLIO B OaHKe, BOT 3BEpEK U Monayics. 3a MOMOIIbIO
OH IpHUOEKa K yeJoBeKy. JIECCHUK akKypaTHO pa30ui1 0aHKY U
ocBoOoAMN OenHATYy. CUACTIUBBIN 0ApCYK OBICTPO CKPBUICS B

CJIbHHUKC.

Paccka3s 5
Camas majeHbkasi nTUYKa — Koauopu. OHa pazMepoM C
0abouky. Camoe 0oJbIIOe KUBOTHOE Ha 3emiie — clioH. OH
JOCTHUTAET BBICOTHI 10 TPEX MeTpoB. Kpoleunas nTuyka u

OTPOMHBIH CJIOH KUBYT B TEIUIBIX CTPAHAX.
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APPENDIX Q

RESIDUALS SCATTERPLOTS FOR DECODING ACCURACY
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Dependent Variable: Decoding Accuracy
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APPENDIX R

RESIDUALS SCATTERPLOTS FOR DECODING RATE

Histogram

Dependent Variable: Decoding Rate
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APPENDIX S

RESIDUALS SCATTERPLOTS FOR READING COMPREHENSION

Histogram

Dependent Variable: Reading Comprehension
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