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Reading in More Than One Language:
Behavior and Brain Perspectives

Anat Prior, Ph.D.

A majority of people in the world today speak more than one language (Edwards
2004), though the contexts of bilingualism vary greatly. Some individuals are raised in
bilingual environments or societies, others are faced with the need to learn the language
of a new environment following immigration, and still others study a foreign or
additional language in a school setting. Bilingual individuals differ in various
dimensions including their proficiency in each of the languages and the age at which
they were acquired, the degree to which they use each language for educational,
recreational and economic purposes, and of most relevance for the present discussion,
the level and trajectory of literacy development and attainment in each of the
languages. Literacy development is a complex process even under the simplest
circumstances of a monolingual individual learning to read in her native language.
Various factors contribute to literacy acquisition and shape its outcomes. As will be
described below, almost all the contributors to first language (L1) literacy are also
involved in second language (L2) literacy, but L2 literacy is uniquely influenced by
aspects of first language literacy and by transfer across languages. Further, there is
much greater variation in the language proficiency and exposure patterns of individuals
acquiring literacy in the L2 than is normally the case for L1 literacy acquisition. Thus,
reaching a full description and understanding L2 literacy is a challenging enterprise.

A recurring theme throughout this chapter will be the interplay of commonalities
and differences in first and second language reading. Some commonalities can be
attributed to universal theories of reading (e.g. Perfetti 2003), because in all
languages writing is mapped to spoken language, and the goal of reading is always
extracting phonology and meaning from print. Other commonalities are most likely
the result of cases where there are specific similarities between the pair of languages
examined in a given study, for example, two alphabetic languages of similar
transparency (e.g. Italian and German, Wartenburger et al. 2004).
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Divergences between first and second language reading can also be a result of
different circumstances. In some cases, these differences will be a manifestation of
inherent differences between the writing systems examined, exemplified by
findings of similar differences between L1 readers of the two languages. However,
in other cases differences will be a true manifestation of the added complexity of
mastering two writing systems, and the unique two-way influence of orthographies
on each other. Additionally, the specific attributes of L2 reading, such as limited
proficiency in the spoken language, may also come into play.

In the first section of the chapter I will briefly describe bilingual language
representation, focusing on the degree to which the two languages of bilinguals
rely on common or distinct cognitive and neural substrates, at different levels of
processing. I chose to include this section in the current review because it is
important to remember that literacy constitutes only one facet of the complex
skill of language knowledge and proficiency. Indeed, the acquisition of literacy
presupposes some level of proficiency in the spoken language. As the goals of
reading are the extraction of phonological and semantic information from print, we
should consider how the phonological and semantic representations in the L2 map
onto those of the L1, and the possible interactions between the two systems.
Further, some of those interested in literacy development in speakers of two
languages are less familiar with the body of research focusing on language
representation more generally in bilinguals. I believe that this literature can have
a positive contribution to research and theorizing about literacy development,
and can inform work in this domain.

In Sect. 2, T will then present cross-linguistic research on reading, investigating
how different orthographies are acquired and processed by native speakers of the
respective languages. I will then rely on these two bodies of knowledge in Sect. 3 to
consider how literacy is acquired in two languages, either simultaneously or
consecutively, and how skilled reading is influenced by the presence of more than
one orthography. Finally, after presenting the current state of knowledge, in Sect. 4
I will offer suggestions as to how differences in orthographic features might play
out in literacy in various L1-L2 pairings.

I Language Representation and Processing in Bilinguals

Research on how two linguistic systems are organized within the brain and
cognitive systems of bilinguals has focused on three main issues. First, the question
of representation, and the independence of each language or to what degree
languages rely on shared resources at different levels — phonetic, lexical, semantic
and grammatical. The second issue relates to language activation and whether
the cognitive system can effectively “switch off” a language that is not task-
relevant at any given moment, in order to allow for uninterrupted use of the
other language. Finally, there is growing interest in the cognitive and brain
mechanisms that control language selection and activation in bilinguals and second
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language learners — whether these are domain general or specific dedicated
functions within the language system, a topic that will receive only brief attention
in this chapter.

1.1 Semantic Representation

Most current models of bilingual language representation distinguish between
lexical and semantic representation, claiming separate mental lexicons for the
two languages, but a shared semantic network (Francis 2005; Van Hell and
DeGroot 1998). The Revised Hierarchical Model proposed by Kroll and Stewart
(1994; for a recent reassessment see Kroll et al. 2010) describes the development of
the bilingual lexicon in second language learners. According to this model, at first
words from the L2 activate their meaning only via words from the first language.
However, with growing proficiency, words in the second language can activate their
meaning directly, without first language mediation. Eventually, words in both
languages have direct conceptual links to semantic representations that are mostly
but not completely shared.

Evidence for shared semantics comes from findings of semantic priming effects
from one of a bilingual’s languages to the other (Basnight-Brown and Altarriba
2008; Keatley et al. 1994; Schoonbaert et al. 2009). Additionally, conceptual
representations of words in the L2 seem to be shaped by L1 semantics (Jiang
2000) and recently is has also been demonstrated that a second language learned
later in life can influence conceptual representations even when they are activated
through the L1 (Degani et al. 2011). However, the degree of overlap in meaning
between words in the two languages of bilingual speakers can be modulated by
different factors, including word type (Van Hell and DeGroot 1998) and ambiguity
in translation (Prior et al. 2007; Tokowicz and Kroll 2007).

1.2 Lexical Activation

As for activation, there is abundant evidence that, perhaps counter-intuitively, both
languages of proficient bilingual speakers are constantly active. Thus, it seems that
the intention to speak in one language is not sufficient to suppress all activation of
the other language (for a recent review see Costa 2005). This might be especially
true in non-balanced bilinguals speaking in the second language (Kroll et al. 2006),
but is not limited to this population. Similarly, lexical candidates become activated
in both languages, even in a monolingual setting, both for auditory (Spivey and
Marian 1999) and, of greater interest in the present context, for visual word recogni-
tion (for a recent review see Dijkstra 2005).

I will first present research on cross-language activation in bilingual visual word
recognition that has been conducted on populations that read two languages that
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share the Roman alphabet, most notably the work of Dijkstra and colleagues on
Dutch-English bilinguals. Findings from several different paradigms have
demonstrated convincingly that under these conditions word recognition and lexical
access are language nonselective, meaning that word candidates in all the languages
that the reader knows become active following exposure to the letter string.

To illustrate, Van Hell and Dijkstra (2002) asked participants to perform a
lexical decision task in Dutch, their native language, and examined the effect of
cognate status — cognates are words the have similar phonology and meaning across
languages (bakker in Dutch and baker in English). All participants were highly
proficient speakers of English, their L2. Participants in one group were also
advanced learners of French, whereas the other group had only limited knowledge
of French. Some of the Dutch words in the experiment had cognates in English and
others had cognates in French, but never in both languages. Importantly,
participants were recruited without any reference to their foreign language knowl-
edge, and at no point during the experiment did they receive information that
knowledge of languages other than Dutch was relevant for task performance.

Results showed significant cognate facilitation, expressed by shorter reaction
times, for Dutch-English cognates by all participants, and for Dutch-French
cognates by the high-proficiency French trilinguals. This means that although
participants were performing a lexical decision task in their native and strongest
language, the stimuli activated lexical information in a task-irrelevant weaker
language. These findings constitute a strong demonstration of nonselective lexical
access in visual word recognition, though a threshold level of proficiency in a
language has to be met before information is automatically activated.

Effects of non-selective lexical access have also been demonstrated for interlin-
gual homographs, words that share orthography but not meaning (and often differ in
phonology as well) across languages. Thus, the word room in Dutch means cream.
Several studies have found that interlingual homographs are processed differently
than words that unambiguously belong to one of the languages (e.g. Beauvillain and
Grainger 1987; Dijkstra et al. 1999). The direction of the effect (facilitation or
inhibition) depends on the specific task parameters introduced in each study, but its
presence is evidence that such stimuli activate representations in both languages.
Finally, cross-language effects have also been demonstrated in experiments exam-
ining orthographic neighborhood (e.g. Van Heuven et al. 1998) and word frequency
effects (Dijkstra et al. 1998).

There are only a few studies that have examined cross language activation in
languages that do not share a script. Generally, semantic facilitation effects are
found for languages that don’t share a script (e.g. Chen and Ng 1989). An interest-
ing study by Gollan et al. (1997) showed cross linguistic masked translation
priming in a lexical decision task, for Hebrew and English, languages that differ
not only in script but in reading direction as well (Hebrew is written from right to
left). Primes in the L1 facilitated the processing of their translations in the L2, for
both Hebrew dominant and English dominant bilinguals. The priming effect was
stronger for cognates than for non-cognates, The authors ascribe this pattern of
results to links between translation equivalents at the lexical level, and claim that
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the phonological form similarity of cognates results in stronger links for these
items, when compared with non-cognates. They further suggest that distinct
orthographies provide a salient cue for language membership of visual words
forms, which can allow for more efficient lexical access, possibly limited to the
relevant lexicon.

1.3 Neural Representation

Studies of brain function and language localization in bilinguals mostly give rise
to results converging with the behavioral studies presented above. Generally
speaking, first and second language processing are overall supported by the
same brain areas, with extensive overlap with language areas identified for
monolinguals. Nonetheless, brain activation patterns in L2 are modulated
both by the proficiency in the language and in some circumstances by age of
acquisition as well.

Studies examining bilingual language production in highly proficient bilinguals,
regardless if they acquired the L2 at an early age or later in life, have found very
similar patterns of activation for both languages. However, bilinguals with lower
proficiency in the L2 recruited more brain tissue when producing words in the
second language, and activation went beyond the classical language areas
(Abutalebi et al. 2005). A study examining multilinguals who spoke four languages
each, found that producing words in less proficient languages lead to wider left
hemisphere activation, especially in prefrontal areas (Briellmann et al. 2004).

Studies of written and spoken language comprehension reveal similar patterns,
at least as far as semantics are concerned — wider and more variable activation
for less proficient languages (e.g. Dehaene et al. 1997), with minimal influence of
age of acquisition. For example, a recent longitudinal study focusing specifically
on single word processing examined native English speaking exchange students
shortly after arriving in Germany and 5 months later, and compared the
activation patterns for reading words in English and in German. Initially, words
in German, the foreign and less proficient language, evoked greater frontal
activations than words in English, the native language. However, several months
later these differences were significantly reduced, due to the participants growing
proficiency and experience in reading German. Thus, lexical-semantic processing
of first and second languages converges onto similar networks when
differences in proficiency diminish, and when both languages are alphabetic
(Stein et al. 2009).

However, a different pattern emerges for syntactic processing. Wartenburger
and colleagues (2004) tested three groups of Italian-German bilinguals: one group
of highly proficient bilinguals who had learned both languages at an early age, and
two groups of late learners — one of highly proficient speakers of German and the
other of less proficient speakers. Participants read sentences in both languages,
and performed two tasks in different experimental blocks. Results showed that
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when participants performed a semantic judgment task, answering the question
“does this sentence make sense?”, activation patterns were highly similar for L1
and L2 for both high proficiency groups, but low proficiency participants
activated wider areas when processing the L2 than when processing the L1,
corroborating previous findings. However, when participants performed a gram-
maticality judgment, answering the question “is this sentence grammatically
correct?,” a different pattern emerged. In this case, the early high-proficiency
bilinguals activated highly overlapping brain areas for grammatical processing in
the two languages, but both of the late learner groups showed significantly larger
activations when processing grammar in the L2, in Broca’s area and in subcortical
structures. This last finding is especially striking, since in terms of their accuracy
on the task, the high proficiency late learners were indistinguishable from the
carly learners. This study demonstrates that different aspects of language processing
are variably sensitive to factors such as proficiency and age of acquisition.

1.4 Bilingual Language Representation — Conclusions

To summarize, behavioral studies show largely parallel and nonselective activation
of the two languages of high-proficiency bilinguals. Thus, for bilinguals whose two
languages share an orthography, it seems that words in any language activate both
lexicons in a search for appropriate candidates. Further, visual word recognition is
influenced by properties of the word in all the languages a person knows, at least
beyond a minimal level of proficiency. For languages that do not share a script, it
seems that lexical and semantic links again provide the means for cross language
activation. Imaging studies demonstrate that L1 and L2 of highly proficient
bilinguals are mostly supported by the same neural tissue. For less proficient
users, processing in the second language recruits additional neural resources that
often extend beyond classical language areas.

The large degree of overlap in language representation and processing for
bilinguals might lead to the prediction that literacy related skills and abilities
acquired in the L1 would be available for reading in the L2 as well, leading to
strong positive transfer effects and commonalities in performance across
languages. At the same time, the language non-selective access demonstrated
for bilinguals could imply strong cross-linguistic interference in reading. Such
effects might be expressed in transfer of non-appropriate strategies and schemas,
and could necessitate bilingual readers to recruit control mechanisms that are not
usually recruited by monolingual readers. A better understanding of how these
issues might play out requires first a consideration of the degree of similarity of
reading in different orthographies, and the possible differences arising from
the unique properties of various writing systems. This issue will be presented
in the next section.
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Reading is a complex skill that relies on several linguistic and cognitive
subcomponents (Vellutino et al. 2007). In acquiring literacy individuals must first
learn to map orthography to phonology, a task that requires visual identification of
letters, the ability to isolate spoken speech sounds or phonological awareness, and
the working memory capacity allowing linking up one to the other. With time and
practice readers acquire fluency in word decoding, allowing them to automatically
map orthography to phonology and allocate attentional resources to the task of high
level text comprehension. At this stage, extracting meaning from print also relies on
syntactic and lexical knowledge of the spoken language, and on general cognitive,
memory and inference skills. The specific roles played by the various
subcomponents can change along the trajectory of literacy acquisition, and are
also influenced by the characteristics of different writing systems. Most of the
research reviewed in this section focuses on the earlier stages of reading, namely
decoding and lexical access, whereas less time is devoted to reading comprehension.

Orthographies can differ in the basic mapping principles of graphemes to phonemes,
and a main distinction is between logographic orthographies which represent phonol-
ogy at the whole word or morphemic level, and alphabetic orthographies which are
used in the majority of modern languages, and that represent smaller phonological units
directly with letters or letter combinations. However, even alphabetic languages differ
in the complexity of the system or orthographic depth (Katz and Frost 1992). Thus,
certain orthographies, such as Spanish or German, are very consistent in the way that
graphemes represent phonemes, whereas in other orthographies, such as Danish or
unpointed Hebrew, the mapping between letters and sounds is less straight forward.
Alphabetic scripts also differ in the level at which they are consistent, or the grain size
of the correspondence between the orthographic and the phonological information
(Ziegler and Goswami 2005). In this section I will review the implications that the
differences outlined above between scripts have for literacy acquisition and skilled
reading on the behavioral level, and for the neural basis of reading.

2.1 Literacy Acquisition

Several studies have compared the progress of literacy acquisition in different
orthographies (e.g. Caravolas et al. 2003; Ellis and Hooper 2001; Seymour et al.
2003). Seymour and colleagues conducted a large-scale study of first grade children in
14 European countries, learning to read in as many different orthographies. Children
learning to read consistent shallow orthographies made rapid progress in literacy
acquisition. For example, children learning to read Finnish, Greek and German,
which all have shallow and consistent orthographies, reached ceiling levels in accu-
rately decoding both words and non words by the end of the first year of instruction.
On the other hand, children learning to read more complex and less consistent
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orthographies, such as French or Danish, displayed relatively high error rates at a
parallel point of instruction. Further, children learning to read in English were signifi-
cantly delayed when compared to children acquiring literacy in other languages, and
had error rates of over 50% even after a full year of instruction. The extreme difficulty
encountered by children learning to read in English can be attributed to the great depth
and opacity of the system, as noted by Share (2008).

It is difficult to directly compare reading acquisition in logographic
orthographies, such as Chinese, to reading in alphabetic languages because of the
inherent differences and the challenge of constructing parallel tests. However,
children learning to read Chinese first receive instruction in Pinyin, an alphabetic
script in which letters from the Roman alphabet represent phonemes in Chinese, in a
highly transparent and consistent manner. Children learn this script rapidly, and
become highly competent in decoding it (Hanley 2005), and continue to use it
throughout elementary school at least, to allow them to pronounce novel characters
independently. These findings can be seen as another example of rapid and suc-
cessful acquisition of a shallow and consistent orthography. As for the development
of competence in reading Chinese characters, children in mainland China are
expected to master approximately 2,400 characters by the end of elementary school.

Besides learning rates and trajectories, the question arises whether literacy acqui-
sition in different orthographies relies on the same underlying cognitive skills, a
question that will receive more attention in Sect. 3, discussing the transfer of literacy
skills between the languages of bilingual readers. Most research has addressed the role
of phonological awareness in literacy acquisition, and the bidirectional influences
between phonological awareness and learning to read. Thus, initial phonological
awareness allows children to begin isolating phonemes and correctly establishing
the mappings between them and the newly acquired graphemes. At the same time,
increasing practice with letters and sounds leads to greater sensitivity to individual
phonemes and an improved ability to manipulate them. Phonological skills, at least at
the phonemic level, seem to have lower predictive value for literacy acquisition in
Chinese, for example, than in alphabetic orthographies (Hanley 2005). Further,
Ziegler and Goswami (2006) argue convincingly that the exact nature of the phonemic
representations most important for effective reading acquisition varies across
languages, as a function of their orthographic properties.

A recent cross-linguistic study investigated the role of phonological awareness,
memory, vocabulary, rapid naming and nonverbal intelligence in predicting the
reading performance of second graders across five orthographies, varying in their
depth from transparent (Finnish) to relatively opaque (French) (Ziegler et al. 2010).
Results demonstrated that phonological awareness was the strongest predictor of
decoding and word reading in all the orthographies examined, followed by rapid
naming that predicted speed of performance in most orthographies, and phonologi-
cal memory and vocabulary that were weaker predictors of performance in some of
the languages. Nonverbal 1Q was not related to reading as measured in this study in
any of the participating countries. More interestingly, however, the strength of the
relation between phonological awareness and single word reading and non-word
decoding was modulated by orthographic depth. Thus, phonological awareness was
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a weaker predictor of performance in transparent than in opaque orthographies. The
conclusion is that the predictors of literacy acquisition and decoding in alphabetic
languages are relatively universal, though the specific weights may differ
depending on the characteristics of specific scripts.

2.2 Skilled Reading

In addition to literacy acquisition, skilled reading also differs across orthographies.
The orthographic depth hypothesis (Frost et al. 1987) and the psychological grain
size theory (Ziegler and Goswami 2005, 2006) both claim that reading in different
orthographies is not identical and that the depth of an orthography, as well as the
structure of a language, can influence skilled reading (Frost 2005). Specifically, it is
argued that readers of shallow orthographies rely mainly on assembled phonology,
namely recovering the phonological representation of the word from print, because
in shallow orthographies this process is relatively easy and simple. Conversely,
readers in deep orthographies rely more on larger phonological units, and/or use an
impoverished and only partly-specified phonological representation to access the
lexicon and retrieve lexical information that in turn guides the composition of a fully
specific phonology and ultimately lexical access (Coltheart et al. 2001; Frost 2005).

A study demonstrating the influence of orthography on skilled reading was
conducted by Ziegler et al. (2001), who compared adult readers of German, a
shallow orthography, and English, a deep orthography, naming the exact same
words and non-words. The English readers exhibited strong effects of body and
rhymes, which are relatively large units. Conversely, the German readers’ naming
performance was affected by the number of letters, or overall length, of both words
and non-words. The authors interpret these results as demonstrating that skilled
readers of different orthographies rely on variously sized units that have proven
themselves effective throughout the reader’s experience with the orthography.
Thus, readers of deep orthographies rely on large-sized units, whereas readers of
shallow orthographies rely on the smallest possible units, namely single phonemes.

Frost (2009) has further argued that lexical access in languages that differ in
morphological structure is qualitatively different, due to different organizing
principles of the lexicon. In a detailed comparison of Hebrew and English, two
alphabetic orthographies that are very different in morphological structure, he
demonstrates striking differences in performance. There are strong effects of
orthographic information facilitating word recognition in English and other Euro-
pean languages, both in masked priming (e.g. Davis and Lupker 2006) and in
parafoveal facilitation (Rayner 1998). However, the effects of morphological
information are not as consistent in these languages in both research methodologies.
In Hebrew, on the other hand, the opposite pattern of effects is observed — robust
facilitation from morphological information in masked priming (Frost et al. 2005)
and parafoveal preview (Deutsch et al. 2000), but no influence of orthographic
information (Frost et al. 2005).
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Finally, orthographic features also influence eye-movements in reading, and
specifically the size and nature of the perceptual span, the space of characters
from which information can be extracted during a specific fixation (Rayner
1998). For readers of English and other European languages, the perceptual span
is asymmetrical, extending only 3—4 characters to the left of the fixated word, but
14-15 characters to the right. In orthographies written from right to left, such as
Hebrew, this asymmetry is reversed. Thus, the perceptual span extends further
towards the direction of reading. Additionally, the perceptual span is significantly
smaller for readers of logographic languages such as Japanese kanji and Chinese,
extending 1-3 characters to the left of the fixated character, and 3—6 characters to
the right. This is most likely because these orthographies are densely packed

visually, so that each character carries more information.

2.3 Imaging Studies

Additional evidence for the claim that orthographies with different characteristics
are not processed identically comes from studies examining brain activation during
reading. A PET study comparing readers of English and Italian (a deep and a
shallow orthography, respectively) showed that overall similar brain areas are
involved in reading. But, readers of Italian showed greater activation of the left
planum temporale, which is involved in sublexical phonology, whereas English
readers had greater activation in the visual word form area when reading non-
words, probably due to heavier reliance on a strategy of analogy to existing words
than Italian readers, who most likely relied more on phonological assembly
(Paulesu et al. 2000). These differences in brain function are driven by the
differences between the orthographies of the two languages which lead skilled
readers to adopt different strategies.

A second study comparing reading in English with reading in Spanish using
fMRI reports similar findings (Meschyan and Hernandez 2006). Namely, when
reading words in Spanish, a highly transparent orthography, the superior temporal
gyrus which is implicated in phonological processing was more highly activated
than when participants read words in English. Reading words in English, on the
other hand, lead to stronger activations in visual processing and word recoding
arcas, at the occipito-parietal border. However, these findings must be interpreted
with caution, because the participants in the study were more proficient in English
than in Spanish, a fact that might have influenced the findings.

Finally, a recent meta-analysis compared brain activity in individuals reading
different scripts, by including fMRI studies of single word reading in alphabetic
European languages, in the two scripts of Japanese (Kanji and Kana) and in Chinese
characters (Bolger et al. 2005). It is important to stress that all studies included
in the meta-analysis recruited native speakers/readers of the relevant language.
The results reveal convergence across these vastly different writing systems, and
identify a network of three brain areas in the left hemisphere that support reading.
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These include the superior posterior temporal gyrus (BA?Z), the. inferior fronFal
gyrus (BA6) and the occipitotemporal region, with foci polh in the posten(’)r
fusiform and in the mid-fusiform gyrus, identified as the visual W(?rd form fireg.
At the same time, there were also areas of divergence across the scnpts.examm? :
The exact localization of peak activation within the broad areas was'dlff'erent‘ (::
logographic scripts (Chinese and Kanji) on the one hand gnd l.he alphdbeu; i‘c;tl:ii
(European languages and Kana) on the other. Without going into .tool'muc hono:
the logographic scripts tended to activate areas more consnstenF wnhf a;ger ;1)0 "
logical units, and those that support the synchronous pro.cess'mg of pl c;lnq fg .
and semantic information. Reading in Chinese lead to acuval'lon:s in right Tn 'enor
occipital and posterior fusiform regions, in addition tq the gctwatlon of th;?e dze'als
in the left hemisphere that was observed for alphabenc scripts (see also .z:nhfa al.
2005). The authors postulate that these activa}nons reﬂ.ect the need of inese
readers to process the complex spatial information of Chinese characters.

2.4 Reading in Different Orthographies — Summary

To summarize this section, there is behavioral and neural evi.dence supporting the
claim that there are aspects of literacy and reading that are universal. How.e\;er, the
specific characteristics of different onhogr.a.phies have also been show‘r:. lt|o :in u?;i
the rate and predictors of literacy acquif;.uon. the performance of skilled readers
substrates involved in reading. .

andAT et"ateziri:\;upt;domance of bilinguals reading .in two languages, the um\;_er.savl
aspect of these findings can lead us to expect behavioral and neural commona mc;:,
and transfer or sharing of literacy related skills across languages. Howc?ve.r.' t‘ e
extent of such commonalities will probably depend on the degree of Sln"llldl"lly
between any two orthographies examined. For example, chlld.ren acq}l‘mng hter_ach);
simultaneously in two orthographies that differ n?a.rkedly in co.nslste?‘cyfT'li_
display different learning rates. Additionally, tl?e utlh.ty and effectw(;:r;es:ho | :rée
ferring literacy strategies from an LltoanL2 w¥ll z'igam be rpodulz}te 1 by . ;h g N
to which the orthographies in question rely on similar mapping principles. The ne !
section will describe studies examining such questions, and suggest a framewor
for conceptualizing reading in more than one language.

3 Bilingual Reading
3.1 Literacy Acquisition in More Than One Language

There is a moderately sized body of research examining chlldre.n acquiring lnt;racy
in more than one language. In many cases, children are native speakers of one
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language, and learning to speak and read the second language. Whereas children
acquiring literacy in their L1 learn to read words and syntactic structures that are
already part of their oral repertoire, learners of a foreign language need to learn the
new alphabet, the meaning of new words and syntactic rules simultaneously as they
learn to accurately recognize the written form of these features (Geva et al. 1997).
In other cases, children are proficient bilingual speakers of two languages, and are
acquiring literacy concurrently in both.

Oral language skills relevant for acquiring orthographic decoding abilities and
fluent word reading, including phonological working memory (e.g. Gholamain and
Geva 1999) and phonological awareness (e.g. Gottardo et al. 2001), are mostly
found to correlate across the two languages of children learning to read in an L2.
Further, a review of the literature reports robust correlations across first and second
language for word and for pseudoword reading (Dressler and Kamil 2006).
Interestingly, correlations are of a similar magnitude for languages that share an
alphabet (e.g. Spanish and English, Durgunoglu et al. 1993) and languages that do
not (e.g. Persian and English, Gholamain and Geva 1999). Another recent large
scale review (Lesaux and Geva 2006) also reported that children acquiring literacy
in English as a less proficient L2 did not differ significantly from native English
speaking children acquiring literacy in their L1 on measures of word reading
accuracy and spelling ability. Additionally, similar factors, including phonological
processing skills, phonological memory and rapid naming predicted reading
performance for all children. However, the specific properties of different
orthographies have been found to influence the amount of exposure necessary for
accurate and efficient decoding.

To illustrate this point, I will describe several studies focusing on word reading
in Hebrew and English, languages that differ in script and in orthographic
transparency — pointed Hebrew (which includes vowel information) is considered
a shallow orthography while English is a relatively deep orthography. Geva et al.
(1997) recruited native English speaking children in the first and second grade,
who were acquiring literacy simultaneously in English, their L1 and in Hebrew,
their less proficient L2. The authors report robust correlations across the two
languages in measures of accuracy and speed in single word reading. At the same
time, the morphosyntactic density of Hebrew influenced the development of
reading skill, and hindered the children’s ability to reach high efficiency in
reading texts in Hebrew. A second study testing a similar population, but
extending up to fifth grade (Geva and Siegel 2000), found that memory
skills  predicted word reading in both languages, but that children read
more accurately in Hebrew, a shallow orthography, than in English, a deep
orthography (see also Gholamain and Geva 1999). Further, the decoding errors
committed in the two orthographies were qualitatively different, due to their
different nature. Schiff and Calif (2007), on the other hand, examined
Hebrew speakers in the initial stages of learning English as a foreign language,
and found a strong correlation between L1 and 1.2 word reading only when there
was a deficiency in Hebrew orthographic-phonological or morphological aware-
ness. Thus, they concluded that high scores on Hebrew orthographic-phonological
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and morphological awareness tasks do not necessarily ensure successful English
word reading. possibly because of the fundamental differences between the two
orthographies.

All three studies, therefore, point to some overlap in basic reading skills across
Hebrew and English, but these are limited by the orthographic differences between
the two writing systems, and by the linguistic differences, specifically at the
morphological level. Additional support for this conclusion comes from another
relevant study that focused on readers of English and Arabic, a Semitic language
with many similarities to Hebrew. Again, participants were children who were
native speakers of English studying Arabic as a second language (Saiegh-Haddad
and Geva 2008). Results showed a significant correlation between phonological
awareness in English and pointed transparent Arabic, but morphological awareness
in the two languages was not correlated

The studies reviewed so far in this section focused on lower level processes
in reading, specifically decoding and fluent word reading, and found mostly
similarities across the two languages of young readers, though these might be
limited by the degree of typological similarity across language and orthographies.
However, when investigating higher level literacy skills, most notably reading
comprehension, somewhat different patterns of results emerge. On the one hand,
in a review of the literature, Dressler and Kamil (2006) report significant transfer of
reading comprehension skills across the languages of biliterate children. Similarly,
Gelderen et al. (2007) demonstrated a relationship between L1 (Dutch) and L2
(English) reading comprehension in adolescents, and a strong effect of
metacognitive knowledge on L2 reading comprehension. At the same time, they
found that language specific knowledge in the L2 significantly influenced reading
comprehension outcomes.

However, in a comparison of reading comprehension achievement of L2
compared with L1 readers, larger gaps are evident than is the case for lower level
reading skills such as single word decoding. Thus, in the same review by Lesaux
and Geva (2006) that found comparable decoding performance for native English
speakers and learners of English as a second language the latter group exhibited
significantly poorer reading comprehension, most likely because of decreased oral
language proficiency and limited vocabulary knowledge.

There is no doubt that a main building block of reading comprehension is the
proficiency level of the language, whether it is a first language or an additional
language. Various facets of proficiency have been identified in this regard, includ-
ing vocabulary knowledge, syntactic awareness (Lesaux et al. 2006) and morpho-
logical awareness (Koda 2007) for both LI (Vellutino et al. 2007) and L2
(Durgunoglu 2002; Lesaux and Kieffer 2010). Gottardo and Mueller (2009)
expanded the Simple View of Reading model (Gough and Tunmer 1986), which
was initially proposed in the context of L1 reading, to encompass reading compre-
hension in the second language, and tested Spanish speaking first and second
graders learning English as a second language. Results demonstrated that listening
comprehension, vocabulary, syntactic knowledge and decoding in L2 were good
predictors of English reading comprehension. Lesaux and Kieffer (2010) found a
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higher rate of poor comprehenders amongst sixth grade English language learners
than among their native speaking classmates, but all poor comprehenders, regard-
less of language background had poor vocabulary skills in English. A study of 4th
grade children comparing native speakers and children learning English as a second
language (Lesaux et al. 2006), again confirmed similar profiles for good and poor
comprehenders, regardless of their language group.

Before moving on to describe research dealing with biliteracy in adult readers, 1
would like to raise the intriguing possibility that simultaneous, or sequential,
acquisition of literacy in two languages might confer advantages and lead to faster
or more efficient learning. Schwartz and colleagues (Schwartz et al. 2005, 2008)
examined the literacy development of Hebrew in the first grade among Russian-
Hebrew bilinguals and Hebrew monolinguals. Importantly, half of the bilinguals
had started acquiring literacy in Russian before beginning schooling in Hebrew, and
were thus biliterate, whereas the others were bilingual speakers of both language,
but were monoliterate in Hebrew. Results showed a clear advantage for the
biliterates over monolingual and bilingual monoliterates in measures of reading
fluency and phonological awareness. The authors ascribe this advantage to their
early exposure to the fully fledged Russian orthography, which enhanced their
ability to distinguish consonants from vowels, a skill that was then transferred to
Hebrew.

Bialystok et al. (2005) addressed a similar question, by comparing four groups
of first grade children in Canada acquiring literacy in English: English
monolinguals, and three bilingual groups: Spanish-English, Hebrew-English and
Cantonese-English. All bilingual groups were highly proficient in their oral use of
the two languages, and were concurrently learning to read in English and in their
other language. The Spanish-English and the Hebrew-English bilingual children
outperformed the Cantonese-English bilinguals and the monolinguals on a pho-
neme counting task, exhibiting stronger phonological awareness skills. These
advantages are most likely due to their exposure to two alphabetic languages,
which enhanced the development of phonological awareness because of its
critical role in decoding alphabetic scripts. Further, even after controlling for
differences in phonological awareness, the Spanish-English and the Hebrew-
English bilinguals outperformed the monolinguals in a decoding task in English,
and the Cantonese-English bilinguals were at an intermediate level. Again, what
is important here is that the similarity between the two orthographies being
acquired modulates the degree of transfer of skills. Learning two alphabetic
languages, even if they do not share the same script (Hebrew and English),
enhanced literacy development and allowed children to generalize their emerging
skills to a greater degree than learning a logographic and an alphabetic script
(Cantonese-English). Further support for this conclusion can be found in the fact
that reading in the two languages was highly correlated for the Spanish-English

and the Hebrew-English bilinguals, who were reading two alphabetic languages,
but was not related at all for the Cantonese-English bilinguals (for similar findings
of divergence between reading skill in English and logographic languages see
Gottardo et al. 2001),

Reading in More Than One Language: Behavior and Brain Perspectives 145
3.2 Second Language Reading in Skilled Adult Readers of an L1

In comparison with research on literacy acquisition in children, less is known about
the development and stabilization of reading skills in adult second language
learners or bilinguals. Still, in this section I will present studies concerned with
visual and phonological processing of L1 and L2 in this population.

Green and Meara (1987) found significant differences in visual search for shapes
and orthographic symbols (Roman and Arab letters and Chinese characters) among
readers of the different languages. Readers of Arabic and Chinese were compzf\red
with readers of English and Spanish, and were found to process symbol strings
differently. Most importantly, even when searching strings of Roman letters, the
Arabic and Chinese native speakers maintained the same search pattern that they
had displayed in their native language, despite being intermediate to advancfed
readers of English as a second language. The authors conclude that word reading
strategies established for reading in the native language are transferred to thg
second language, and seemingly do not change to accommodate the orthographic
specificities of the new script.

Several additional studies provide consistent evidence that features of L1
orthography influence the reliance on different mechanisms and strategies in L.2
reading. Koda (1988, 1990) found that L2 learners of English who had. an z.llphabe.tlc
L1 (Arabic, Spanish) showed superior grapheme to phoneme conversion in English
than did L2 learners who were L1 readers of Japanese, a non-alphabetic language.
The alphabetic L1 readers were also more significantly impaired when confronted
with unpronounceable words in an English text than were the Japanese L1 readers.
Further, Akamatsu (2003) found that readers with a non-alphabetic L1 backgrou_nd
(Chinese and Japanese) were delayed to a greater extent when reading an L2 Erllghsh
text that had been visually modified by using case alternation than readers with an
alphabetic L1 background (Persian). Finally, Wang et al. (2003) com-pared cqllege
aged native readers of Korean (an alphabetic script) and Chinese learning English as
a second language, and found that the former group relied more strongly on
phonological processing, whereas the latter relied less on phopology and more on
orthographic information when reading single words in English. Taken together,
these findings demonstrate that mechanisms and strategies shaped by fea'lu.res of the
L1 orthography are transferred to L2 reading, and continue to exert their mﬁgence
even in fairly advanced readers. Specifically, readers with a non—a!phabeuc L1
background continue to rely on visual information even when processing an alpha-
betic L2, which leads to less efficient word processing.

A recent study by Ehrich and Meuter (2009) found similar effects, but in thf:
reverse direction. Native speakers of Chinese and English were compared on their
ability to learn an artificial logographic orthography. Chinese speak?rs outperformed
the English speakers in a lexical decision task on the newly acqullred sy‘mb(‘)ls,.an
advantage that stems from experience with a logographic script. This h.ndmg
demonstrates transfer of L1 logographic processing that is parallel to the prcwpusly
described transfer of alphabetic processing from an alphabetic L1 to an alphabetic L2.

S ——
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Wade-Woolley (1999) compared the decoding ability of L1 readers of Russian
and Japanese in their L2, English. The Japanese readers were impaired relative to
the Russian readers on a phoneme deletion task, but outperformed them in tasks of
orthographic sensitivity. The two groups did not differ in their English decoding
ability, but seemed to reach these comparable levels of performance in different
manners. The L1 Russian readers relied more extensively on phonological
processing, but the L1 Japanese readers recruited their strength in orthographic
processing. These findings provide further support to the notion of transfer from L1
to the L2, and demonstrate that different linguistic backgrounds can allow for the
transfer of different linguistic component skills, leading to qualitatively different
outcomes despite an overall matched level of performance.

Fewer studies have examined reading comprehension in adult populations, but
the extant evidence again supports the notion of cross-linguistic transfer and the
influence of both L1 and L2 skills on L2 reading comprehension. Koda (1992)
investigated native English speaking college students learning Japanese as a foreign
language, and found that lower level skills, such as letter identification and word
recognition in Japanese significantly predicted reading comprehension. Similarly,
Nassaji and Geva (1999) tested adult native speakers of Farsi, who were advanced
learners of English as an L2. They found that phonological and orthographic
processing contributed significantly to reading comprehension and reading rate,
but only orthographic processing remained a significant predictor after accounting
for effects of syntactic and semantic knowledge of English.

Meschyan and Hernandez (2002) investigated native English speaking college
students, in the first semester of acquiring Spanish as a second language. Decoding
skills in English were found to correlate highly with decoding skills in Spanish.
Further, Spanish decoding skill was found to mediate the ability of English decoding
skill to predict vocabulary acquisition and final course grade in Spanish. These
findings attest to significant transfer of phonological-orthographic ability from the
native language to the second language among college-age adults, albeit across two
alphabetic scripts using the same Roman alphabet. The results further demonstrate
the importance of lower level skills in the L2 for language learning in general.

Several studies focusing on fairly advanced bilingual readers of Hebrew and
English give rise to interesting findings. In one study of college-age readers,
measures of word and pseudoword reading in the two languages were correlated
(Oren and Breznitz 2005), and participants were equally efficient in reading the two
orthographies, despite their differences. A second study again found significant
correlations across the two languages, this time in measures of sentence compre-
hension (Breznitz et al. 2004), but in this case significant advantages emerged for
processing Hebrew, the native language, over English, the L2. Shimron and Sivan
(1994) reported that balanced bilinguals read English texts faster and showed better
comprehension over text presented in unvoweled Hebrew. However, no differences
were found between reading in English and reading in voweled Hebrew. The
authors ascribe these findings to the specific challenge of reading in unvoweled
Hebrew which is characterized by a paucity of phonological information, as well as
the overall morphological density of written Hebrew, in both forms.
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Finally, Velan and Frost (2007) tested the hypothesis that the structural
differences between Hebrew and English, especially in morphological richness,
would lead to different effects in reading the two languages. Balanced Hebrew-
English bilinguals were tested with a letter transposition paradigm. Previous
research in European languages has demonstrated that priming can occur from
words with letter transpositions, such as gadren priming garden, and that reading
text including transposed words does not cause great difficulty for readers in these
languages. Hebrew morphology is based on three-letter consonantal roots, and
many roots share the same consonants but in different order, which might lead to
increased sensitivity to letter position when reading Hebrew. In the study,
participants were rapidly presented with sentences in English and in Hebrew, half
of which included a word whose letters had been transposed. When reading
in English, participants’ ability to repeat the sentence was not impeded by the
presence of a transposed word, and they were at chance level when requ?sl.ed to
report whether a sentence had indeed included such a transposition. Strikingly,
when reading sentences in Hebrew these same participants suffered a 20% decrease
in accuracy in sentence repetition, and were highly accurate in detecting trans-
positions (d" = 2.51).

The correlations found across performance in the two languages of bilingual
readers show that there are common underlying mechanisms that support reading
generally. The importance of low level skills for reading in the L2, even in adults,
has also been stressed. Finally, the research reviewed in this section demonstrates
that the mechanisms of reading orthographies with different features and languages
of different structure can vary even within the same individual. In some cases,
patterns established through the L1 are carried over when processing the L2,
whereas under different circumstances bilingual readers exhibit differential
processing across their two languages. This last point will also become apparent
in the next section, discussing the neural substrates for reading in the two languages
of bilinguals.

3.3 Neural Substrates of Reading in More Than One Language

Several studies have examined the neural substrates involved in reading different
languages, and have focused specifically on bilinguals. In this section 1 will focus
on research examining the brain networks recruited by bilingual readers when
reading alphabetic as opposed to logographic language. Because of the fundamental
difference between these two types of scripts, and previous findings (discussed in
Sect. 2.3) demonstrating that there are indeed differences between native readers of
orthographies of these types, this bilingual population provides a powerful test case
of the degree to which L2 reading relies on patterns established in the L1.

Nakada et al. (2001) examined bilingual and monolingual readers of English and
Japanese, half with English as L1 and half with Japanese as L.1. As might be expected,
activation patterns for native readers in Japanese were different from those observed
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for native readers in English. Both groups showed activation of the left fusiform gyrus,
but Japanese readers additionally showed activation of the left inferior temporal sulcus
that was lacking from the English readers, whereas the English readers had significant
activation in the lingual gyrus bilaterally, that was mostly absent from Japanese
readers. More importantly, when reading in the L2 the bilingual participants, who
were highly literate in both languages, showed activation patterns that were virtually
identical to those displayed when they read in the L1. Thus, English natives reading in
Japanese showed activation patterns similar to the ones they exhibited when reading in
English, and the same was true for Japanese natives — their activation patterns were
indistinguishable whether they were reading in L1 Japanese or L2 English. These
findings are reminiscent of the behavioral findings presented in the previous section,
regarding transfer of visual (Green and Meara 1987) and decoding mechanisms
(Wade-Woolley 1999) from L1 to L2 reading.

A second study examining reading in Japanese English bilinguals (Buchweitz
et al. 2009) made use of the fact that Japanese can be written using two distinct
writing systems — Kana (syllabic) and Kanji (logographic). Kanji showed more
activation than Kana in right-hemisphere occipito-temporal areas associated with
visuospatial processing, because of the increased visual complexity of the logo-
graphic script. Reading sentences in Kana lead to greater activation in areas of the
brain associated with phonological processing. When participants read sentences in
English, an alphabetic language and their less-proficient L2, greater activation was
found in the inferior frontal gyrus, medial frontal gyrus, and angular gyrus as
compared to reading in Japanese. This additional activation is most likely associated
with increased phonological processing of an alphabetic script and greater demands
on verbal working memory, due to reduced proficiency in the language.

Perfetti and colleagues have studied different groups of readers of Chinese and
English. Using event related potentials and source localization, Liu and Perfetti
(2003) studied Chinese English bilinguals in a delayed naming task for Chinese
characters and English words. Early components peaked earlier for Chinese, the
more proficient language, than for English, the second language, and word
frequency effects extended for a longer time window in English than in Chinese.
Bilateral occipital areas were involved in processing Chinese characters, whereas
the processing of high-frequency English words was limited to left occipital cortex.
Chinese character reading also lead to strong right prefrontal activations, but
English words activated more medial frontal areas.

In a training study, native English speakers with no knowledge of Chinese were
taught 60 Chinese characters (Liu et al. 2007). Following training, passive viewing
of the studied characters showed activation in the bilateral middle frontal area, and
right occipital and fusiform cortex. These regions partially overlap with regions found
in studies of skilled reading of Chinese but not of alphabetic languages (Bolger et al.
2005). A further study compared the brain activation of reading Chinese and English
in two groups of participants: native English speakers studying Chinese in college, and
proficient Chinese-English bilinguals (Nelson et al. 2009). Replicating the previous
findings, native English readers displayed different patterns of activation when
reading Chinese and English, and specifically recruited right fusiform areas for
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Chinese but not for English. Thus, their activation patterns for Chinese were similar to
those exhibited by native readers of the language. The proficient Chinese-English
bilinguals displayed a different pattern of results — these readers activated fusiform
areas bilaterally regardless of whether they were reading English or Chinese.

The native English speakers in both studies displayed accommodation of the
brain’s reading network to the specific features of the acquired writing system, in
this case the visual complexity of Chinese characters. However, the native Chinese
readers in the second study show assimilation, because they were reading their L2
using the same network that had developed for reading their L1 (see also Nakada
etal. 2001). Nelson and colleagues (2009) suggest that this pattern of assimilation is
due to the fact that the reading network established for L1 Chinese includes
procedures sufficient for the graphic demands of L2 English without major change.

Recently, Tan et al. (2011), using fMRI, examined reading in L1 Chinese and L2
English in 10 year old children, who had been studying English for approximately
4 years. The results show overall similarities in brain activation patterns when
children performed lexical decision in the two languages, including bilateral
activations in fusiform areas, the inferior frontal gyrus and occipital areas. Activa-
tion patterns were also correlated with reading performance in both languages
measured immediately before the scanning session and again | year later. Activa-
tion rates in the left fusiform gyrus during performance of the lexical decision task
in English were significantly correlated with concurrent reading performance and
significantly predicted gains in reading a year later. Moderate and non-significant
correlations between fusiform activity and Chinese concurrent and future reading
were also found. Most interestingly, however, left caudate nucleus activation was
highly correlated with reading and reading gains in English, the L2, but not in
Chinese, the L1. This last finding is related to the role of the caudate nucleus in
inhibiting interference from the non-relevant language in bilinguals. This
underlines the fact that skilled performance in the L2 necessitates successfully
overcoming parallel activation of competing L1 forms, as discussed in Sect. 1.

The studies reviewed in this section reveal a complex pattern. The brain
networks recruited for reading in first and second language clearly overlap and
again reveal certain universals. However, the degree of accommodation necessary
for reading a newly acquired L2 orthography that differs markedly from that of
the L1 is determined by the specific properties of the two orthographies. Further,
there are cases where readers of an L2 rely on brain networks that are distinct from
those used by native readers of the same orthography, by virtue of the brain’s
reading network being shaped by the specific properties of the L1 orthography.

4 Summary and Conclusions

In this chapter, I reviewed research demonstrating that semantic representations are
mostly shared across the two languages of bilinguals, that lexical access is language
non-selective, at least when the two languages share the same script, and that



150 A. Prior

the neural representation of first and second language is influenced by proficiency
and age of acquisition. I have discussed how the trajectory and predictors of
acquiring literacy in different languages are influenced by features of the language
and the orthography, such as orthographic depth, morphological complexity and
visual density of the script. Further, these same features have been shown to
influence the performance of skilled readers of various orthographies, and to be
expressed in the areas of the brain supporting reading. Finally, a review of the
research of individuals who are literate in more than one language reveals a
complex interaction between the nature of the scripts involved and the
characteristics of the individual. Due to these complexities and as yet only partial
coverage of research for different language pairings and different bilingual
populations, there are certain inconsistencies in results that at this point in time
still hinder our ability to reach a complete understanding of this multifaceted
phenomenon. Most importantly, we have not yet reached a full picture of the
reciprocal influences existing between first and second language reading, nor of
the specific conditions under which native language reading strategies and
mechanisms are transferred to L2 reading as opposed to conditions more conducive
to the development of more independent L2 reading mechanisms.

Although further research focusing on specific L1-L2 pairings that vary in the
degree of overlap in orthographic principles and features is called for, nonetheless
the extant literature allows me to suggest several guiding principles. For pairs of
languages that share the same character set, such as European languages using the
Roman alphabet, the initial stages of L2 reading are facilitated (e.g. Kempe and
MacWhinney 1996). However, skilled readers of such language pairs might suffer
increased interference from the two lexicons, due to the lack of orthographic cues
that might assist in limiting activation to the currently-relevant language.

More generally, from the reviewed research I wish to identify three relevant
dimensions along which a given pair of orthographies can be judged as similar or
more distinct: (1) Writing system, i.e. alphabetic or logographic; (2) Orthographic
depth, or grain size; (3) Linguistic or typological similarity of the oral languages.

I hypothesize that greater similarity across these dimensions will result in greater
transfer of literacy skills across languages in bilingual readers. Thus, a native reader
of an alphabetic and orthographically shallow script can quite easily utilize
decoding processes developed in the context of the L1 when attaining literacy
and then reading fluently in a similarly shallow alphabetic orthography of the L2.
However, increasing dissimilarity between the L1 and the L2 along these
dimensions might lead to transfer of L1 literacy skills being less than optimal for
L2 reading, or at the minimum will lead to differences in processing for L2 readers
of varying L1 backgrounds, as reviewed above.

A central question in this regard is how much flexibility and plasticity exists in
the cognitive and neural systems for developing L2 specific reading mechanisms.
As is the case for second language in general, the answer to this question most likely
depends both on the degree of oral and written proficiency in the L2 and on the
reader’s age and the entrenchment of L1 reading mechanisms (MacWhinney 2005).
From the literature reviewed above, a likely possibility is that as in spoken
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language, beyond a certain point in development, L1 literacy is bound to leave an
“accent” on L2 reading (Koda 2007). In this regard it is important to stress Cook’s
(2003) multi-competence framework, claiming that native speaker performance
should not be the yardstick against which bilingual performance is measured.
In this regard, acquiring literacy in more than one language often broadens a
person’s horizons and is a worthy goal, even if the L2 is processed in a manner
that is qualitatively different, both cognitively and neurologically, from that
common in L1 readers of the same language.
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