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a b s t r a c t

Spelling–sound transparency varies across orthographies. This
aspect was found to have implications for the strategy of reading,
but whether reading of different orthographies also relies differ-
ently on cognitive skills is yet unclear. This question was examined
mainly by cross-participant-and-language investigations in which
orthographic variation is hard to isolate. This work examined this
topic using a within-participant-and-language study design.
Hebrew readers in Grades 3 and 4 were longitudinally tested
because in these grades they are engaged in reading three forms
of script, transcribing the same language and varying in spelling–
sound relations, as they gradually progress from reading a trans-
parent orthography to reading an opaque one. Phonological aware-
ness explained a considerable amount of variance in accuracy in
reading all forms of script across these two years. The relations
of morphological awareness with accuracy in reading the three
forms of script were similar; however, the results suggested that
these may be associated with the course of transition. Phonological
awareness and rapid naming were similarly related to fluency in
reading all forms of script when equivalent proficiencies in reading
of these scripts were achieved. At this stage, the relations of vocab-
ulary with fluency in reading and comprehension of the transpar-
ent and opaque forms of script were also much alike.
Phonological memory explained a modest, but significant, amount
of variance in comprehension of the unpointed script alone. These
results suggest that, apart from phonological memory, the
cognitive skills tested in this study serve as a common cognitive
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infrastructure in reading orthographies varying in spelling–sound
transparency.
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Introduction

Alphabetic orthographies vary from shallow orthographies with transparent grapheme–phoneme
correspondence to deep orthographies imposing ambiguity on the mapping between spelling and
sound. According to the orthographic depth hypothesis (Katz & Frost, 1992), while grapheme–
phoneme conversion is efficient in reading scripts with transparent spelling–sound relations, the
application of this strategy alone may be insufficient when these relations are ambiguous. Conse-
quently, this strategy may be more involved in reading of shallow orthographies than in reading of
deep ones, whereas the direct identification of larger orthographic units may be more involved in
reading of the latter. According to the psycholinguistic grain size theory (Ziegler & Goswami, 2005,
2006), however, the mapping of orthography onto phonology is involved in reading of both types of
scripts. At the same time, the nature of spelling–sound relations in different orthographies results
in developmental differences in the grain size of lexical representations and strategies of reading.
Whereas children learning to read consistent orthographies can rely on the ‘‘small’’ psycholinguistic
grain size of the phoneme, children learning to read less consistent orthographies need to rely on rep-
resentations and decoding strategies at more than one grain size.

Substantial support was found for the application of different strategies in reading of orthographies
of varying depths (see reviews by Katz & Frost, 1992; Ziegler & Goswami, 2005). However, whether
more basic cognitive skills are also differently involved in reading of different orthographies is yet un-
clear. Based on Katz and Frost (1992) and Ziegler and Goswami (2006), skills underlying grapheme–
phoneme conversion may be more involved in reading of shallow orthographies than in reading of
deeper ones, whereas skills underlying the direct identification or decoding of larger orthographic
units may be more related to reading of deep orthographies. However, the results so far are mixed.

Phonological awareness was suggested to underlie grapheme–phoneme conversion (Share, 1995).
A considerable number of studies have pointed to a diminishing role of phonological awareness in
reading of shallow orthographies as reading is established (Share, 2008). For example, in a longitudinal
study of readers of Latvian, Sprugevica and Høien (2003) found that early phonemic awareness ex-
plained 27% (p < .01) of the variance in accuracy in reading of words early in Grade 1, 9.3% (p < .05)
of the variance at the end of Grade 1, and no significant variance in Grade 2. This tendency was also
found when phonological awareness was tested later on in elementary school. Müller and Brady
(2001), for instance, found a diminishing contribution of phonological awareness to different mea-
sures of reading (decoding accuracy and speed and comprehension) in a cross-sectional study compar-
ing readers of Finnish in Grades 1 and 4. Similar results can be found in longitudinal studies on reading
of shallow orthographies such as Norwegian and Swedish (Furnes & Samuelsson, 2010), Dutch (de
Jong & van der Leij, 1999), German (Landerl & Wimmer, 2008), and Greek (Nikolopoulos, Goulandris,
Hulme, & Snowling, 2006).

In contrast, longitudinal studies of reading the deep English orthography suggest that the relations
between phonological awareness and different measures of reading (decoding, accuracy, and speed in
word recognition and comprehension) are more persistent, at least until Grade 5 (Deacon & Kirby,
2004; Torgesen, Wagner, Rashotte, Burgess, & Hecht, 1997; Wagner et al., 1997). Yet, some studies
have reported a diminishing role of early phonological awareness as a predictor of later English read-
ing skills (word reading, decoding, and comprehension; see Badian, 1995; Kirby, Parrila, & Pfeiffer,
2003). Furnes and Samuelsson (2011) recently demonstrated no contribution of a latent construct
of Grade 1 phonological awareness to English word reading in Grade 2 when an autoregressor effect
of prior literacy skills was included in the analysis.

However, other studies suggest a strong and universal role of phonological awareness in reading
beyond an early stage of reading acquisition. This was found with regard to word reading across Euro-
pean orthographies over Grade 1 (Caravolas et al., 2012) and Grades 2 and 3 (Spencer & Hanley, 2003).
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