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Interaction of phonology and orthography
in spoken and spoken-sign language bilinguals

This review compares the core features of mono- and bimodal bilingualism, e.g. the use of
spoken and sign language. Behavioral and brain correlates of the possible interactions of pho-
nology and orthography in deaf people are discussed from the aspect of reading acquisition and
development. The possible role of phonology in deaf children and its contribution to reading is
discussed in relation to language proficiency, age, hearing status and bilingual balance. Corres-
ponding as well as contradicting results of linguistic, psycholinguistic and neuroscientific in-
vestigations are discussed from the point of view of bimodal bilingualism.

Introduction

The development of reading and writing in young children is primarily influenced by word-
level skills including direct word recognition and spelling both depending on similar skills,
e.g. phonological and orthographic processing. While phonological skills include proce-
dural knowledge in service of reading, spelling is different in a sense as both phonological
and orthographical skills contribute to its development on a distinct way as compared to
reading. The phonological processing is assumed to enable spellers to segment the so-
unds in words and this contributes to reading acquisition in children. However, this
approach corresponds to the traditional view on sound segmentation of words thought
to be the prerequisite of reading. This view is in contradiction with the data published on
several studies showing that access to sounds in words is the consequence and not the
prerequisite of reading contrary to syllabic segmentation that emerges earlier than the
phonological awareness on phonemic level (Vaessen et al, 2010; Blomert and Csépe, 2012).

As it was suggested by Gombert (1992, 1994) development of the phonological aware-
ness undergoes two stages and can be assessed at two distinct levels: (1) epiphonological
awareness and (2) metaphonological awareness. Unfortunately, this distinction is not
used broadly enough in the literature although their relationship with reading develop-
ment is rather different. While the epiphonological awareness refers to an implicit aware-
ness of or sensitivity to the constituent sounds in words, metaphonological awareness
refers to a more explicit ability to manipulate and identify the constituent linguistic units
in words, a consequence of exposure to reading and spelling. Typical tasks to measure
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epiphonological awareness are the syllable tapping, rhyme judgment and oddity tasks.
Metaphonological tasks include phoneme blending, phoneme change or deletion. While
both epi- and metaphonological awareness are usually assessed orally with hearing child-
ren, tasks specifically designed for deaf children typically measure epiphonological aware-
ness using a picture-based format. Therefore, the reliability of phoneme-level awareness
in deaf subjects is questionable or at least problematic when used for comparisons with
hearing ones. The epiphonological awareness measures address a very important proces-
sing level contributing to spelling. Spelling, contrary to reading, always needs an active
access to grapheme sequences easy to acquire or challenged by perceptual inconsisten-
cies or contrasts of ambivalent perception of suboptimal features of spoken utterances
such as vowel duration, geminates or liquid assimilations.

There is a broad consensus in the literature that orthographic processing skills rep-
resent the “ability to form, store, and access the orthographic representations’” of words
or meaningful parts of words (Stanovich and West, 1989, p. 404). These skills allow ad-
vanced readers to read familiar words by sight and have a fast access to meaning associa-
ted with the representation of proper sequences of letters in memory. While most of the
models on spelling agree on these skills are presumably acquired through reading expe-
rience as children develop extensive letter-to-sound knowledge, the individual differen-
ces in orthographic skills are discussed as not completely explained by reading experience.
One of the first explanations was that of Frith (1985) who argued that differences in
orthographic skills might also result from differences in the degree to which children
adopt a reading strategy whereby they analyzed or processed all the letters in words.
However, this model may not be valid for several non-English languages. Share (1995, p
151) for example stated, that “phonological recoding, by virtue of its self-teaching func-
tion, is regarded as critical to successful reading acquisition”. Our study on five European
orthographies revealed, that the factor load of the different core components of
orthographic development were not the same as in English and showed different deve-
lopmental trajectories (Ziegler et al, 2010).

Several cross-linguistic comparisons were performed in the last decade to assess
whether the models describing the use of phonological and orthographic skills developed
for anglophone children apply to other alphabetic scripts. It is well known that alphabetic
scripts are not all alike as they differ, among other things, in the consistency how letters
are mapped into phonology of the language. Orthographies where graphemes consis-
tently represent the same phonemes and speech sounds are consistently represented by
the same letters are labelled as shallow or transparent. In contrast, English is characteri-
zed by complex and inconsistent correspondences between phonemes and their graphe-
mic representations producing an orthographic system which is polyphonic and poly-
graphic. Polyphonic because its orthography includes graphemes that can represent
more than one phoneme (e.g., i in mint vs. pint; ea in heal vs. health), and polygraphic
because itincludes some phonemes that can be represented by different graphemes (e.g.,
[f] in fish vs. philosophy; /c/ in cat vs. kit). Orthographies such as English are labelled as
deep or opaque. Therefore, the question arises whether complexity variations in the
grapheme-to-phoneme mappings influence how phonological and orthographic skills
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contribute to reading and spelling. As research on cross-linguistic differences is growing
the interaction of orthography and phonology gets in the focus considering two factors
as important, complexity and consistency.

Role of phonology in orthographic development

The recognition of written words is based on the matching of script to lexical representa-
tions, which can be achieved through two mechanisms. On the one hand, the letter
strings can be mapped to the lexical-semantic representations through orthographic
coding, this is called direct or lexical access. Accordingly, reading models that place emp-
hasis on the orthographic system (Seidenberg, 1985) assume a separate orthographic le-
xicon exists and consider the semantic system lexically accessible attributing only a post-
lexical role to phonology. On the other hand, the correspondence of orthographic and
phonological code contributes to the emergence of lexical-semantic representation
enabling an indirect or sub-lexical access. Most of the reading models that place emphasis
on the phonological system (see Ramus et al, 2003) consider this mechanism exclusive
where phonology mediates the access to the semantic system. In addition, there are mo-
dels (Harm et al, 2004; Perry et al 2010; Plaut et al., 1996) that consider the two matching
mechanisms as complementary considering their relative importance or function that
may change. Less is known about the role of phonology in deaf children and its contribu-
tion to reading.

One of the influential studies on deaf students revealed that the majority reads at
grade 4 level or below (Qi and Mitchell, 2012). However, this does not necessarily mean
that deafness is an insurmountable obstacle to the acquisition of reading. Approximately
10% of the deaf college students investigated could read at an age-appropriate level (Qi &
Mitchell, 2012). Although the most obvious explanation of the reading problems is the
difficulty or total lack of phonological access, we have to consider that deafness does not
affect the phonological access only as it has a measurable impact on language acquisition,
including vocabulary growth and differentiation. A closer analysis of the core compo-
nents of reading may give a more sophisticated picture on the real nature of reading and
reading difficulties in general and especially in deaf children.

Studies focusing on the phonological factors of reading examined phonological
spelling, awareness, and transcoding. Moreover, most of the spelling studies focused on
spelling errors only and produced contradictory results (Olson and Caramazza, 2004; Har-
ris and Moreno, 2006; Hayes et al 2011; Roy et al, 2015). For example, in the study of Han-
son, Shankweiler and Fischer (1983) deaf participants showed an elevated sensitivity to
the orthographic rules contradicting to their main result found hearing participants
where the errors were phonological in nature. However, as the data of Olson and Cara-
mazza (2004) revealed, while 75% of the spelling errors of hearing participants was pho-
nological in nature, 80% of the errors of deaf participants was not. Phonological transpar-
ency had no effect on the performance of deaf participants contrary to a strong effect
found in hearing participants.
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Several studies have reported that deaf participants underperformed the hearing
ones in phonological awareness tests (Koo et al, 2008; Sterne & Goswami, 2000), though
better results were found than expected, e.g. scores higher than in random guessing
(Kyle and Harris, 2006, 2010; Narr, 2008). The conclusion drawn by all the authors cited
was that a certain level of phonological awareness was reached by the deaf. However,
whether phonology or a similar processing may play any role in reading development of
deaf subjects depends on how we define phonology. According to the traditional view
phonology is a systematic organization of sounds in spoken languages. However, the
principles of phonological analysis can also be seen as a general analytical tool and be
applied for sign languages in spite of the fact that the sub-lexical units are not instantiated
as speech sounds. As Brentari, Fenlon and Cormier (2018, p 1) suggest this definition of
phonology “helps us see that the term covers all phenomena organized by constituents
such as the syllable, the phonological word, and the higher-level prosodic units, as well as
the structural primitives such as features, timing units, and autosegmental tiers, and it
does not matter if the content is vocal or manual.” However, in the phonology of spoken
languages there are phonological processes or rules referred to a whole class of pho-
nemes in terms of a property or set of properties that they share. Although sign langua-
ges do not provide us with abundant evidence of this sort, the concept of an abstract,
modality-independent phonology may influence our approach in investigating how rea-
ding develops in deaf subjects (see Brentari, 2019).

A broad consensus exists in the reading literature about the importance of phonolo-
gical awareness that correlates with reading acquisition in hearing subjects though to a
different extent according to orthographic transparency (see Ziegler et al, 2010). On the
contrary, results published on the performance of deaf participants are far from consis-
tent. While some studies have found a relationship between phonological awareness and
word reading (Dominguez et al, 2014; Dyer et al., 2003; Koo et al., 2008), others have fai-
led to confirm any (lzzo, 2002; Kyle and Harris, 2006, 2010; McQuarrie and Parrila, 2009;
Narr, 2008). We may explain these differences by the age of the participants, since the
studies that found a relationship included adolescents and young adults, e.g. university
students (Dominguez et al., 2014; Dyer et al, 2003; Harris and Beech, 1998; Koo et al.,
2008). However, if phonological awareness played an important role in reading acquisi-
tion of the deaf children, correlations should have been found between phonological
awareness and reading scores. This, however, was not the case in many studies (Izzo,
2002; Kyle and Harris, 2006, 2010; Narr, 2008). Moreover, the results of Kyle and Harris
(2010) showed that in deaf children lipreading and vocabulary had a predictive power on
literacy development and only an earlier reading ability was related to later phonological
awareness skills. The authors followed the development of reading ability in a group of
29 deaf children over a 3-year period (first assessment at the age of 7-8 years) and literacy,
cognitive and language tasks were performed at every 12th month. However, the partici-
pants were either deaf or hard of hearing, and this might contribute to the variation of
the results as children who had the most age-appropriate reading skills tended to have
less severe hearing losses, earlier diagnoses and preferred to communicate through spe-

54



INTERACTION OF PHONOLOGY AND ORTHOGRAPHY IN SPOKEN AND SPOKEN-SIGN LANGUAGE BILINGUALS

ech. Although the authors emphasize the role for speechreading, vocabulary and phono-
logical awareness, no valid conclusions can be drawn on the literacy development of deaf
children because of extremely heterogeneity of the participants.

The disparity of skills reported by Kyle and Harris (2006, 2010, 2011) might be labeled
as predictors of reading and spelling in deaf children, although those investigated in the
cited studies showed a high variation, especially in the one published in 2011. While all
children had a severe or profound prelingual sensory-neural hearing loss with a mean of
100 dB (75-120 dB) across four frequencies, they visited different schools including speci-
alist schools for the deaf and hearing-impaired units attached to mainstream schools
using very different teaching methods (spoken English only, Cued Speech, English Sign
Language). Moreover, on third of the children were fitted with cochlear implants at dif-
ferent age (2.5 to 5 years) and two third wore digital hearing aids. The language and com-
munication background of the children also varied to a large extent and only one third
was taught by sign language and 2 of the 24 were bilingual. Therefore, the authors’
conclusion “on the relationship between reading and phonological skills in deaf children
is mediated by speechreading until the underlying phonological representations are
strong enough to support reading” needs a cautious consideration as how phonology
should be understood is not defined.

As it was mentioned above the development of spelling relies on epiphonological
awareness. Unfortunately, the literature on deaf children’s spelling development is even
sparser than that for reading. Moreover, most of the studies available in the literature are
cross-sectional so that the conclusions to draw are limited because of the high variation
in hearing status and use of sign language. However, the main findings have been that
deaf children’s spelling ability was somewhat less affected by their hearing than their rea-
ding ability (Aaron et al, 1998; Burden and Campbell, 1994; Harris and Moreno, 2004). Mo-
ores and Sweet (1990) for example reported on a group of deaf adolescents of 16- to 17-
years who had a reading comprehension age of 11-12 years and a spelling age of 13-14
years. Other studies have observed higher level spelling performance in deaf children
than predicted from their reading ability (Burden and Campbell, 1994; Harris and Moreno,
2004).

Interaction of phonology and orthography in spoken language bilinguals

We may assume that phonology and orthography of the two languages used by bilinguals
interact in reading and spelling. Indeed, several studies have shown cross-linguistic
orthographic interferences in perception, comprehension and acquisition (Grainger and
Dijkstra, 1992; Van Heuven et al, Jared and Kroll, 2001; Sunderman and Kroll) An influential
model that supported these findings was the Dijkstra and van Heuven’s (2002) Bilingual
Interactive Activation Plus (BIA+) model of visual word recognition in bilinguals suggest-
ing that bilingual visual word recognition includes sub-lexical, lexical, and semantic units
as well as language nodes representing language membership information. The model
predicted that orthographic, phonological and semantic representations were decoded
in the initial phase of processing and an integrated outcome called ‘task schema’ served
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the final lexical decision. The model assumed that orthographic and phonological infor-
mation of both languages underwent simultaneous activation before lexical decision and
resulted in competition. Studies examining these effects (Jared and Kroll, 2001; Sunder-
man and Kroll, 2006) claimed that proficiency in each language had a great impact on the
result and showed a cross-language influence modulated by increasing proficiency in the
second language (L2).

Similar, though slightly different results were published by Kroff, Tamargo and Crus-
sias (2018) who used visual world paradigm and eye tracking to investigate the interfe-
rence of orthographic and phonological mappings with spoken language comprehension
in bilinguals. According to their data second language acquisition might influence the do-
minant L1 as native speakers of Spanish showed a clear effect of orthographic mappings
of their less dominant L2 English, providing new insight into the nature of the interaction
between orthography and phonology in bilingual speakers. In bilinguals a cross-linguistic
activation of lexical items with similar phonology and orthography resulted in a cross-
language competition, and both phonological and orthographic features competed for
selection, even if their representations were asymmetrical across languages.

The majority of research on the interaction between phonology and orthography in
bilinguals used words only, either in behavioral tasks such as lexical decision and naming,
or in experiments using eye-tracking, event-related potentials (ERPs), and various brain
imaging techniques. Most of the studies have shown that various factors might influence
the extent of cross-linguistic interference, such as similarity of orthographic structure
such as the linguistic neighbors, interlingual homographs, homophones, or phonological,
orthographic and semantic overlaps (cognates, such as the French-English words plante
and plant). As Schwartz, Kroll, and Diaz (2007) showed varying degrees of the
orthographic and phonological similarity resulted in distinct effects of cross-linguistic inf-
luence. The authors investigated English—Spanish bilinguals in Spanish-only and English-
only word naming tasks. Spanish stimuli were also paired with their English translations
and separate measures of orthographic and phonological similarity were performed for
each pair. The results showed a significantly slower naming for orthographically more si-
milar and phonologically distinct cognates than for those with higher level phonological
similarity. The authors interpreted this result as the consequence of feed-forward acti-
vation from orthography to phonology across languages accompanied by a less strong
feed-back activation.

The role of competing orthographic information and its mapping relationship to pho-
nology in bilinguals does not belong to the main line of bilingual studies. However, this is
especially interesting in light of the second language acquisition (SLA) studies which
showed that the assumed interaction of L1 and L2 orthography either facilitated or hin-
dered the lexical acquisitionin L2. Moreover, Erdener and Burnham (2005), who investiga-
ted the effect of different L1 orthographic systems on L2 speech perception and pro-
duction with focus on orthographic depth found intriguing differences. Participants inc-
luded a group of Turkish L1 (transparent orthography) speakers and a group of Australian
English L1 (opaque orthography) speakers, tested on the production of nonwords using
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Irish (opaque) or Spanish (transparent) orthographic conventions. In each condition, par-
ticipants were given varying combinations of auditory, visual, and orthographic informa-
tion. Results showed that in the conditions where orthography was not provided, the
Turkish L1 participants consistently outperformed their Australian English L1 counterparts.
However, in orthographic conditions, a general pattern emerged. With Spanish stimuli, a
facilitation effect was shown by the Turkish L1 speakers, whereas with Irish stimuli, this
effect was attenuated. The authors concluded that while the Turkish L1 speakers relied
more on orthography, the Australian English L1 speakers used alternative visual cues,
seen as a consequence of experience with grapheme-phoneme correspondence in-
consistency in their L1 system. The authors suggested that the orthographic system of L1
might modulate the L2 orthography-based speech perception and production. The suc-
cess of this integration was suggested to depend on the corresponding nature of the L2.

Escudero, Simon and Mulak (2014) investigated how incongruency between
orthographic mappings influenced acquisition in Spanish L1 speakers with prior experi-
ence with L2 Dutch. They used minimal pairs of Dutch pseudowords different in vowel
only. (e.g., ‘pag’- ‘puug’): The stimuli were presented with line drawings of non-objects
representing each pseudoword. AS there is a clear difference in the orthographic rep-
resentation of vowels in Spanish and Dutch, minimal pairs of perceptually easy or percep-
tually difficult for Spanish learners could be produced. The different groups receive audit-
ory stimuli only or auditory plus orthographic stimuli. The results revealed that the extra
orthographic information had a negative effect on the participants performance when
the grapheme-phoneme correspondence was incongruent across languages and a po-
sitive effect when it was congruent. These results are in line with the previous studies
showing that perception (Escudero and Wanrooij, 2010) and word learning (Hayes-Harb
et al, 2010; Escudero et al, 2014) are under the influence of orthographic mapping that
contributes to lexical competition in bilinguals.

Orthography and phonology in spoken-sign language bilinguals

Research on spoken language sign language bilingualism addresses the same linguistic,
psychological and educational issues as the broader field of bilingualism does. However,
a solid understanding of this special bilingualism requires familiarity with the relevant
issues in each of these domains of bilingualism in general. However, it is of prime im-
portance to understand the variables that distinguish sign language-spoken language bi-
lingualism from spoken one. Whereas spoken languages are communicated through the
auditory-vocal modality, sign languages are communicated through the visual-spatial mo-
dality. When both sign language and spoken language are acquired, the two distinct mo-
dalities allow extraordinary options for language mixing. The use of spoken and sign
language allows the combination of two languages not only sequentially, as in spoken
language mixing, but both sequentially and simultaneously.

Studies on spoken language bilingualism aim at explaining the language mixing phe-
nomena by identifying universal linguistic principles that constrain this language mixing
(see Bhatia & Ritchie, 1996). However, this type of studies on spoken language (SPL)- sign
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language (SL) bilingualism are practically non-existent. This has many reasons. First, there
are very few SPL-SL bilinguals within the deaf community. These persons have generally
had severely restricted access to spoken language input in the auditory-visual modality
substituted. Thus, unlike hearing bilinguals, deaf and hard of hearing bilinguals are chal-
lenged in their attainment of sign language as well as that of spoken language for which
they should have been exposed according to their hearing status. However, the educati-
onal practice in Hungary avoided sign language teaching and forced oral education in deaf
children. With this practice Hungary as many other countries in Europe and the USA fol-
lowed the resolutions of the Second International Conference of Deaf Educators (in prac-
tice the first one) held in Milan in 1880, commonly known as "the Milan Convention" (see
Gallaudet, 1881). It was declared that oral education (oralism) was superior to manual
education and passed a resolution banning the use of sign language in schools. As a
consequence, schools switched to using speech therapy without sign language as a
method of education for the deaf. A formal apology was made by the board at the 21st
International Congress on Education of the Deaf in 2010 referring to this practice as
discrimination and violation of human and constitutional rights. As a result of limited sign
language teaching at schools for decades, spoken language - sign language bilingualism
is rare.

Hearing persons have access to both modalities and are not disadvantaged on the
basis of their hearing status. However, as with spoken language bilinguals, the bilingual
competencies of both deaf and hearing SL-SPL bilinguals are influenced by sensitive pe-
riod effects. With respect to the acquisition of ASL as an L1, Lillo-Martin (1999) summari-
zed the existing body of research on the acquisition of ASL by deaf children of deaf
parents who used ASL (only 5-10% of deaf children). From this body of research, Lillo-
Martin concluded that deaf children acquired ASL in much the same way as hearing child-
ren acquired spoken languages. Deaf children followed the same acquisitional sequences
at roughly the same ages as hearing children. However, the vast majority of deaf children
could not acquire sign language for decades. and this was valid for many countries. The
American Sign Language (ASL) knowledge as L1 versus L2 ASL yielded several differences
(see Fischer, 1998). L2 ASL is often difficult to define because non-native but early learners
(ages 5—10) of ASL often attain native-like knowledge of ASL, as compared to late learners
e.g. those acquiring ASL after puberty. Despite these differences, the accessibility of the
visual-spatial modality establishes ASL as the primary language of many deaf persons.

Already the early studies on deaf children's acquisition of English have shown that
restricted access to the audio-visual modality had consequences for the attainment of
English knowledge (Quigley and King, 1980). They reported that, on average, the English
knowledge of 18-year-old deaf students was less developed than that of 8-year-old he-
aring students. The possible reason of this lower level performance was that English as
the first or only language deaf children was exposed providing a restricted access to the
audio-visual modality resulted in English knowledge that simulated L2 knowledge named
by Berent (1988, 1996) as "L1.5 acquisition". Therefore, the L1 and L2 labels used in the
bilingualism literature is often difficult to apply. On modality grounds alone, ASL is someti-
mes regarded by members of the deaf community and proponents of bilingual models of
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deaf education as the L1 and the spoken language as the L2 of deaf persons, despite the
age of exposure or levels of competency in the two languages.

Role of modality in bimodal bilingualism

Sign language-spoken language bilingualism is by definition bimodal bilingualism. The
term bimodal is used as the communication is spoken languages use the auditory-oral and
in sign language the visual-gestural modality. Although both modalities are anatomically
pre-wired to enable the access to brain networks in service of the language faculty, the
modality-specific properties contribute to different constrains in the otherwise similar
language systems. However, the linguistic approach is that in spite of the fact that the
two languages, e.g. spoken and sign rely on specific mechanisms available within their
respective modalities, they are fundamentally similar. Therefore, the linguistic, psycho-
logical and neuroscientific investigation of language development bimodal bilingualism
would be of high importance. However, studies on bimodal bilingualism are rare and one
of the reasons is that the number of sign languages are rather limited as compared to
that of spoken languages (Padden, 2011).

There are several different aspects of bimodal bilingualism that should be considered
when compared with those of unimodal bilingualism. The bimodality of sign-spoken
language bilingualism includes both deaf and hearing individuals, and it is obvious to as-
sume that their hearing status and associated factors play an important role on the basis
of relative access to representation in the different modalities (see Ann, 2001; Berent,
2006). Whereas a hearing person has access to linguistic communication within both mo-
dalities, deaf person may rely only on the visual-gestural modality. Depending on the ex-
tent of hearing loss (Stach, 2008), a bimodal bilingual may have little or no natural access
to the auditory component of spoken language communication. As a consequence, bimo-
dal bilingualism research has to pay attention to these differences. For deaf bimodal bi-
linguals for example, many variables influence the acquisition, such as the onset of
deafness, degree of hearing loss, age of acquisition of spoken and sign language, access
to spoken only or compensatory visual input, type and quality of early education, tra-
jectory of literacy development and reading level (Berent, 1996, 2009; Emmorey et al,
1995). Consequently, all of these factors have an impact on the development of spoken
language and sign language phonology representing one with routes in speech and anot-
her one more abstract in nature (see above) respectively. However, how phonology as-
sumed as similar on the abstract level for spoken and sign language and different in rea-
lization contributes to reading development, is not clear yet. While we may assume, that
spoken and sign language phonologies are fundamentally the same, the orthographic
development is different in spite of the fact that bimodal bilinguals have to acquire one
reading system only and not two as unimodal bilinguals. Therefore, it is of high im-
portance to learn more about the orthographic development of those children who rep-
resent a 5-10 % of children with balanced bimodal bilingualism.

59



VALERIA CSEPE

Neural consequences of bimodal bilingualism

The language-learning aptitude defined as innate and fixed talent for learning languages
(Neufeld, 1979) became an outdated concept due to epigenetic and neuroscientific data
collected in the last twenty years. It is broadly accepted by the bilingualism research com-
munity that several biological factors, and not only aptitude, as well as many other as-
pects of L2 acquisition contribute to the bilingual development such as age of acquisition,
time spent using the L2, quality of input in the L2, as well as the impact of socioeconomic
status. All these constructs, among others, contribute to the ultimate attainment of L2
proficiency (D6rnyei and Skehan, 2003; Ross et al, 2002). Moreover, it is worth to make
clear about that aptitude and proficiency are two distinct constrains as aptitude refers to
the ability to develop a skill and proficiency to the degree of competence acquired. Howe-
ver, the concepts are related as individuals with high levels L2 proficiency show high sco-
res in the language aptitude tests. Although proficiency and aptitude measures target
similar though only overlapping and fully identical processes, the recent approach used
in several bilingualism studies is to assess the L1-L2 proficiency difference and classify the
bilingual participants as balanced or unbalance according to the discrepancy found.

The early neuroscientific studies provided more similar data on the bilingual brain
than the recent ones (for review see Csépe, 2017). The contradiction available between
the recent findings is related to the complexity of the bilingual language use as well as on
the variety and reliability of behavioral measures used for selecting bilinguals. There are
several problematic factors including aptitude, proficiency, age of acquisition. All neu-
roscientific measures, structural or functional, provide data influenced by biological fac-
tors such as maturation, anatomical constrains, individual experience, education. Archila-
Suerte and his coworkers (2018) investigated bilingual children classified as balanced or
unbalanced with magnetic resonance imaging (MRI). The behavioral measures used for
classification were standardized language assessments tests receptive and expressive
knowledge of the L1 and L2 and not the broadly applied aptitude tests using traditional
metacognitive tasks such as phonological working memory or analytical reasoning (Kiss
and Nikolov, 2005; Paradis, 2011). They also used a measure of L2 accent in order to vali-
date the balanced vs. unbalanced classification. Although the Spanish-English bilingual
children (6-13 years old) investigated were comparable for age, age of acquisition, years
of education, parental education, L1and L2 use, and L1 proficiency, they were significantly
different in L2 proficiency. That is, while balanced bilinguals were highly proficient in both
languages, unbalanced bilinguals were only proficient in the L1but significantly less profi-
cient in the L2. Generally, children in the balanced group were considered to be more bi-
lingual than children in the unbalanced group. Balanced bilingual did not necessarily high
proficiency in both languages.

Archila-Suerte and his coworkers (2018) identified intriguing neuroanatomical diffe-
rences between children with balanced vs. unbalanced bilingualism. Balanced bilinguals
had thinner cortices of the left transverse superior temporal gyrus, the inferior and
middle frontal gyri as compared to unbalanced bilinguals. Moreover, for children with un-
balanced bilingualism, a more expressed foreign accent in the L2 negatively correlated
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with cortical surface area of the middle frontal gyrus and the superior central sulcus. The
cortical thickness, changing with age, was significantly different between the groups after
controlling for age so that cortical thinning can be attributed to increased proficiency in
both languages. This could suggest that bilingualism is influencing brain development.
This, however, contradicts to a previous study showing significant thickening with higher
L2 proficiency (Martensson et al., 2012). One of the main differences is that Martensson
and his coworkers (2012) investigated adult bilinguals highly trained as interpreters and
examined L2 proficiency only, whereas Archila-Suerte et al (2018) investigated young
children with less developed language skills and examined overall proficiency within each
language. Their results also showed that only one aspect of proficiency e.g. the degree of
accent is associated with cortical surface area. However, as previous studies revealed
cortical thickness of the superior temporal gyrus is linked to sound perception in both
speech (Wong et al, 2008) and music (Wengenroth et al, 2014). Moreover, the morpho-
logical variability of this cortical region is heritable (Cai et al., 2014; Thompson et al., 2001),
suggesting the biological predisposition for the degree of how successfully children may
acquire phonology of the L2.

One of the evergreen questions of the brain studies on bilingualism is whether the
neural systems that support language processing in each language are separate or over-
lapping. There is a general consensus that the two languages spoken by bilinguals share
the same brain regions, so that a high degree of neural convergence can be found, par-
ticularly for proficient and early bilinguals (for review see Buchweitz and Prat, 2013). Mo-
reover, lesion studies and neuroimaging measures support the view that the neural net-
work of signed and spoken language processing is the same to a large extent (for review
see MacSweeney et al, 2008; Emmorey, 2002). In both spoken and signed language
comprehension is associated with activation of the superior temporal cortices, including
regions responsible for auditory processing and production with that of the left-laterali-
zed fronto-temporal network. Although most of the studies compared deaf native sig-
ners and hearing monolingual speakers, similarities between them and hearing bimodal
bilinguals could also be shown (MacSweeney et al, 2002). However, there are serious con-
cerns about the reliability of these results because bimodal bilingualism is qualitatively
different from deaf signing. Moreover, conclusions of the linguistic studies on a general,
modality-independent representation are not fully supported by the recent neuroscienti-
fic investigations. There are new data showing that the neural representation of spoken
and sign languages differ (Corina et al, 2013). Moreover, studies on direct contrasts bet-
ween speech and sign in bimodal bilinguals reveal striking differences between the sen-
sory-motor neural resources required to produce and comprehend languages in different
modalities (Emmorey et al, 2014). It seems that the bimodal bilingual brain differs from
the unimodal bilingual brain in the extent of neural overlap of the two languages, e.g. less
extended for bimodal bilinguals than for unimodal ones. It makes sense as language
comprehension of sign language relies on visual-spatial coding and for that the parieto-
occipital cortices are engaged to a greater extent as compared to speech comprehension
(Emmorey et al, 2014).

61



VALERIA CSEPE

Zou et al (2012) suggested that bimodal bilinguals may develop and control more
complex neural networks than unimodal bilinguals. However, to our best knowledge no
neuroscientific study has been performed to compare language switching of bimodal and
unimodal bilinguals. unimodal bilinguals exhibit increased grey matter density in the left
inferior parietal lobe (Mechelli et al, 2004), two further studies comparing hearing bimo-
dal bilinguals with monolingual speakers failed to detect differences in grey matter vo-
lume of the same brain region (Olulade et al, 2014; Zou et al, 2012). A possible explanation
for the differences found that unimodal bilinguals acquire two phonological systems
within the same modality, so that the left inferior parietal lobe supporting phonological
working memory is much more engaged in unimodal than in hearing bimodal bilinguals.
Because phonology plays an important role in reading acquisition it is of high importance
to investigate the similarities differences of the two phonological systems e.g. that of the
signed and spoken languages. As it is clear from the literature on bimodal bilingualism the
spoken and sign language phonology show non-overlapping features and it is not clear
either how mouthing e.g. words often produced with signs (e.g., Boyes Braem and Sut-
ton-Spence, 2001) contributes to sign language phonology.

Finally, we have to note there are even more open questions about the neural
systems that underlie bimodal bilingual language processing than in the linguistic or
psycholinguistic approach on bimodal bilingual language acquisition in both deaf and he-
aring children or L2 acquisition. The neuroscientific studies on bimodal bilinguals illustrate
how dynamic neural changes support the emerging links between spoken and sign langu-
ages at different processing levels, and the correspondence of spoken and sign phono-
logy, mental lexicon and semantics should be revisited. However, one conclusion is clear,
the resolutions of the Milan Convention should be forgotten and bilingual education of
the deaf and hard of hearing children is the only right solution. At the same time, further
studies are needed to shed light on the nature of difficulties deaf children face in reading
acquisition.

ACKNOWLEDGEMENT

This work by supported by the OTKA NKFIH project

REFERENCES

Aaron, P. G., Keetay, V., Boyd, M., Palmatier, S., & Wacks, J. (1998) Spelling without phonology :
A study of deaf and hearing children. Reading and Writing: An Interdisciplinary Journal 10 pp 1-22.

Ann, J. (2001) Bilingualism and language contact. In Ceil Lucas (ed.), The sociolinguistics of sign lan-
guages. Cambridge, UK: Cambridge University Press. pp 33-60.

Archila-Suerte, P., Woods, E.A., Chiarello, C., & Hernandez, A.E. (2018) Brain morphology of children
with balanced and unbalanced bilingualism. Developmental Science 21: e12654.

Berent, G. P. (1988) An assessment of syntactic capabilities. In M. Strong (Ed.), Language Learning
and Deafness. Cambridge, UK: Cambridge University Press. pp. 133-161

62



INTERACTION OF PHONOLOGY AND ORTHOGRAPHY IN SPOKEN AND SPOKEN-SIGN LANGUAGE BILINGUALS

Berent, G. P. (1996) The acquisition of English syntax by deaf learners. In W. Ritchie & T. Bhatia (Eds.),
Handbook of Second Language Acquisition. San Diego, CA: Academic Press. pp. 469-506.

Berent, G.P. (2006) Sign language-spoken language bilingualism: Code-mixing and mode-mixing by
ASL-English bilinguals. In: T. K. Bhatia & W.C. Ritchie (eds.), The handbook of bilingualism, Malden,
MA: Blackwell. pp 312-335.

Berent, G. P. (2009) The interlanguage development of deaf and hearing learners of L2 English: Par-
allelism via minimalism. In W. C. Ritchie & T. K. Bhatia (eds.), The new handbook of second lan-
guage acquisition. Bingley, UK: Emerald Group Publishing. pp 523-543

Blomert, L., Csépe V. (2012) Az olvasdstanulas és -mérés pszicholdgiai alapjai. In: Csapd, B. és Csépe,
V. (szerk.): Tartalmi keretek az olvasas diagnosztikus értékeléséhez. Nemzeti Tankonyvkiado,
Budapest. pp 17-86.

Brentari, D. (2019) Sign Language Phonology (Key Topics in Phonology). Cambridge: Cambridge Uni-
versity Press, p 334

Brentari, D., Fenlon, J. and Cormier, K. (2018) Sign Language Phonology, Oxford Research Encyclope-
dias /Linguistics, pp 1-22.

Boyes Braem, P., Sutton-Spence, R. (eds.) (2001) The hands are the head of the mouth. Hamburg,
Germany, Signum Press. p 291

Buchweitz, A., Prat, C. (2013) The bilingual brain: Flexibility and control in the human cortex. Physics
of Life Reviews 10 pp 428-443.

Burden, V., Campbell, R. (1994) The development of word coding skills in the born deaf: An experi-
mental study of deaf school leavers. British Journal of Developmental Psychology 12, pp 331-349.

Cai, D.C., Fonteijn, H., Guadalupe, T., Zwiers, M., Wittfeld, K., Teumer, A,, ... Buitelaar, J. (2014) A
genome-wide search for quantitative trait loci affecting the cortical surface area and thickness
of Heschl’s gyrus. Genes, Brain and Behavior, 13, pp 675-685.

Corina, D. P., Lawyer, L. A., Cates, D. (2013). Cross-linguistic differences in the neural representation
of human language: Evidence from users of signed languages. Frontiers in Psychology 3, p 587.

Csépe V. (2017) The Multilingual Brain — Implications for the Future. In: Pfenninger, S. E., Navracsics J.
(eds) Future Research Directions for Applied Linguistics. Multilingual Matters Ltd., Bristol, pp. 33—
51.

Dijkstra, T., van Heuven, W. J. B. (2002) The Architecture of the Bilingual Word Recognition System:
From Identification to Decision. Bilingualism: Language and Cognition, 5, 175-197.

Dérnyei, Z., Skehan, P. (2003) Individual differences in second language learning. In C.J. Doughty &
M.H. Long (Eds.), The handbook of second language acquisition Oxford: Blackwell. pp. 589-630.

Dyer, A., MacSweeney, M., Szczerbinski, M., Green, L., Campbell, R. (2003) Predictors of Reading
Delay in Deaf Adolescents: The Relative Contributions of Rapid Automatized Naming Speed and
Phonological Awareness and Decoding. Journal of Deaf Studies and Deaf Education 8/3 215-229.

Frith, U. (1985). Beneath the surface of developmental dyslexia. In K. Patterson, J. Marshall, & M.
Coltheart (Eds.), Surface dyslexia: Neurological and cognitive studies of phonological reading. Hills-
dale, NJ: Lawrence Erlbaum. pp. 301- 330.

Dominguez, A. B., Carrillo, M.-S., Pérez, M. D. M., Alegria, J. (2014). Analysis of reading strategies in
deaf adults as a function of their language and meta-phonological skills. Research in Developmen-
tal Disabilities 35/7 pp 1439-1456.

Erdener, V.D. & Burnham, D.K. (2005) The role of audiovisual speech and orthographic information
in nonnative speech production. Language Learning 55. pp 191-228.

Escudero, P., Simon, E. Mulak, K.E. (2014) Learning words in a new language: Orthography doesn’t
always help. Bilingualism: Language and Cognition, 17. pp 384-395.

Escudero, P. Wanrooij, K. (2010) The effect of L1 orthography on non-native vowel perception. Lan-
guage and Speech,53. pp 343-365.

63



VALERIA CSEPE

Emmorey, K. (2002). Language, cognition and the brain: Insights from sign language research. Mahwah,
NJ: Lawrence Erlbaum Associates. p 383

Emmorey, K., Bellugi, U., Friederici, A. Horn, P. (1995) Effects of age of acquisition on grammatical
sensitivity: Evidence from on-line and off-line tasks. Applied Psycholinguistics 16. pp 1-23.

Emmorey, K., McCullough, S., Mehta, S., Grabowski, T. J. (2014) How sensory-motor systems impact
the neural organization for language: Direct contrasts between spoken and signed language.
Frontiers in Psychology, 5. 484.

Fischer, S. D. (1998) Critical periods for language acquisition: Consequences for deaf education. In:
A. Weisel (Ed.), Issues unresolved: New perspectives on language and deaf education Washington,
DC: Gallaudet University Press. pp 9-26.

Gallaudet, E.M. (1881) The Milan Convention, American Annals of the Dedf, 16/1 pp 1-16.

Gombert, J.E. (1992) Metalinguistic Development, University of Chicago Press, Chicago, p 192

Gombert, J.E. (1994) Development of meta-abilities and regulatory mechanisms in use of linguistic
structures in children. In: A. Vyt, H. Bloch & M.H. Bornstein (eds.), Early Child Development in the
French Tradition, Lawrence Erlbaum Associates, Hillsdale NJ, pp 227-239.

Grainger, J., Dijkstra, T. (1992) On the representation and use of language information in bilinguals.
Advances in Psychology, 83. pp 207-220.

Hayes-Harb, R., Nicol, J., Barker, J. (2010) Learning the phonological forms of new words: Effects of
orthographic and auditory input. Language and Speech, 53. pp 367-381.

Hanson, V. L., Shankweiler, D., Fischer, W. (1983) Determinants of spelling ability in deaf and hearing
adults: Access to linguistic structure. Cognition, 14. pp 323-344.

Harm, M. W., Seidenberg, M. S., Macdonald, M., Thornton, R., Zevin, J. (2004). Computing the Mean-
ings of Words in Reading : Cooperative Division of Labor Between Visual and Phonological Pro-
cesses. Psychological Review, 111/ 3 pp 662-720.

Harris, M., Beech, J. (1998) Implicit Phonological Awareness and Early Reading Development in Pre-
lingually Deaf Children. Journal of Deaf Studies and Deaf Education, 3/3 pp 205-16.

Harris, M., Moreno, C. (2006) Speech reading and learning to read: A comparison of 8-year-old pro-
foundly deaf children with good and poor reading ability. Journal of Deaf Studies and Deaf Educa-
tion, 11/2 pp 189-201.

Hayes, H., Kessler, B., & Treiman, R. (2011).Spelling of Deaf Children Who Use Cochlear Implants.
Scientific Studies of Reading, 15/6 pp 522-540.

Izzo, A. (2002). Phonemic Awareness and Reading Ability: An Investigation with Young Readers who
are Deaf. American Annals of the Deaf, 147/4 pp 18-28.

Jared, D., Kroll, J.F. (2001) Do bilinguals activate phonological representations in one or both of their
languages when naming words? Journal of Memory and Language, 44. pp 2-31.

Kiss C., Nikolov M. (2005). Developing, piloting, and validating an instrument to measure young
learners’ aptitude. Language Learning, 55. pp 99-150.

Koo, D., Crain, K., Lasasso, C., Eden, G. F. (2008). Phonological Awareness and Short-term Memory
in Hearing and Deaf Individuals of Different Communication Backgrounds. Annals of the New
York Academy of Sciences, 1145. pp 83-99.

Kroff, J. R. V., Tamargo, R. E. G., Dussias, P.E. (2018) Experimental contributions of eye-tracking to
the understanding of comprehension processes while hearing and reading code-switches. Lin-
guistic Approaches to Bilingualism, 8/1 pp 98 - 133.

Kyle, F. E., Harris, M. (2006) Concurrent Correlates and Predictors of Reading and Spelling Achieve-
ment in Deaf and Hearing School Children. Journal of Deaf Studies and Deaf Education, 11/3 pp
273-288.

Kyle, F. E., Harris, M. (2010) Predictors of Reading Development in Deaf Children: A 3-year Longitudi-
nal Study. Journal of Experimental Child Psychology, 107/3 pp 229-243.

64



INTERACTION OF PHONOLOGY AND ORTHOGRAPHY IN SPOKEN AND SPOKEN-SIGN LANGUAGE BILINGUALS

Kyle, F. E., Harris, M. (2011) Longitudinal Patterns of Emerging Literacy in Beginning Deaf and Hearing
Readers. Journal of Deaf Studies and Deaf Education, 16/3 pp 289-304.

Lillo-Martin, D. (1999). Modality effects and modularity in language acquisition: The acquisition of
American Sign Language. In T. K. Bhatia & W. C. Ritchie (Eds.) Handbook of child language acqui-
sition San Diego, CA: Academic Press. pp 531-567.

MacSweeney, M., Capek, C. M., Campbell, R., Woll, B. (2008). The signing brain: The neurobiology
of sign language. Trends in Cognitive Sciences, 12. pp 432-440.

MacSweeney, M., Woll, B., Campbell, R., McGuire, P. K., David, A. S., Williams, S. C., Suckling, J.,
Calvert, G.A., Brammer, M. J. (2002). Neural systems underlying British Sign Language and audio-
visual English processing in native users. Brain, 125. pp 1583-1593.

Martensson, J., Eriksson, J., Bodammer, N.C., Lindgren, M., Johansson, M., Nyberg, L., Lévdén, M.
(2012) Growth of language-related brain areas after foreign language learning. Neurolmage, 63.
pp 240-244.

Mechelli, A., Crinion, J. T., Noppeney, U., O’'Doherty, J., Ashburner, J., Frackowiak, R. S., Price, C. J.
(2004) Neurolinguistics: structural plasticity in the bilingual brain. Nature, 431. 757

Moores, D. F., Sweet, C. (1990). Factors predictive of school achievement. In D. F. Moores & K. P.
Meadow-Orlans (Eds.), Educational and developmental aspects of deafness (pp. 154-201). Wash-
ington, DC: Gallaudet University Press.

McQuarrie, L., Parrila, R. (2009) Phonological representations in deaf children: Rethinking the “Func-
tional equivalence” hypothesis. Journal of Deaf Studies and Deaf Education, 14/2 pp 137-154.
Narr, R. F. (2008) Phonological Awareness and Decoding in Deaf/Hard-of-Hearing Students who Use

Visual Phonics. Journal of Deaf Studies and Deaf Education, 13/3 pp 405—416.

Neufeld, G.G. (1979). Towards a theory of language learning ability. Language Learning, 29. pp 227—
241.

Olson, A. C., Caramazza, A. (2004). Orthographic structure and deaf spelling errors: syllables, letter
frequency, and speech. The Quarterly Journal of Experimental Psychology A: Human Experimental
Psychology, 57/3 pp 385-417.

Olulade, O. A., Koo, D. S., LaSasso, C. J., Eden, G. F. (2014). Neuroanatomical profiles of deafness in
the context of native language experience. The Journal of Neuroscience, 34, pp 5613-5620.

Padden, C. A. (2011) Sign language geography. In: Gaurav Mathur & Donna Jo Napoli (eds.), Deaf
around the world: The impact of language, New York, NY: Oxford University Press. pp 19-37.

Paradis, J. (2011) Individual differences in child English second language acquisition: Comparing child-
internal and child-external factors. Linguistic Approaches to Bilingualism. pp, 213-237.

Perry, C., Ziegler, J. C., Zorzi, M. (2010) Beyond single syllables: Large-scale modeling of reading aloud
with the Connectionist Dual Process (CDP++) model. Cognitive Psychology, 61/2 pp 106-151.

Plaut, D. C., McClelland, J. L., Seidenberg, M. S., Patterson, K. (1996) Understanding normal and im-
paired word reading: computational principles in quasi-regular domains. Psychological Review,
103/1 pp 56-115.

Qi, S., Mitchell, R. E. (2012) Large-scale Academic Achievement Testing of Deaf and Hard-of-Hearing
Students: Past, Present, and Future. Journal of Deaf Studies and Deaf Education, 17/1 pp 1-18.
Quigley, S. P., King, C. M. (1980) Syntactic performance of hearing impaired and normal hearing in-

dividuals. Applied Psycholinguistics, 1. pp 329-356.

Ramus, F., Pidgeon, E., Frith, U. (2003). The relationship between motor control and phonology in
dyslexic children. Journal of Child Psychology and Psychiatry and Allied Disciplines, 44/5 pp 712—722.

Ritchie, W.C., Bhatia, T. K. (1996) Handbook of second language acquisition. San Diego: Academic
Press, p 758

65



VALERIA CSEPE

Ross, S., Yoshinaga, N. Sasaki, M. (2002) Aptitude-exposure interaction effects on Wh-movement
violation detection by pre-and-post-critical period Japanese bilinguals. In P. Robinson (Ed.), Indi-
vidual differences and instructed language learning (Language learning and language teaching
2Amsterdam: John Benjamins. pp 267-299.

Roy, P., Shergold, Z., Kyle, F. E., Herman, R. (2015). Spelling in oral deaf and hearing dyslexic children:
A comparison of phonologically plausible errors. Research in Developmental Disabilities, 36. pp
277-290.

Seidenberg, M. S. (1985). The time course of phonological code activation in two writing systems.
Cognition, 19/1 pp 1-30.

Schwartz, A.l., Kroll, J.F., Diaz, M. (2007) Reading words in Spanish and English: Mapping orthogra-
phy to phonology in two languages. Language and Cognitive Processes 22. pp 106-129.

Share, D. L. (1995). Phonological recoding and self-teaching: sine qua non of reading acquisition. Cog-
nition 55/2 151-218.

Stach, B. A. (2008) Clinical audiology: An introduction (2nd edition). Clifton Park, NY: Cengage Learn-
ing. p 816

Stanovich, K. E., West, R. (1989) Exposure to print and orthographic processing. Reading and Re-
search Quarterly 24. pp 402-429.

Sterne, A., Goswami, U. (2000). Phonological awareness of syllables, rhymes, and phonemes in deaf
children. Journal of Child Psychology and Psychiatry and Allied Disciplines 41. pp 609-625.

Sunderman, G., Kroll, J.F. (2006) First language activation during second language lexical processing:
An investigation of lexical form, meaning, and grammatical class. Studies on Second Language
Acquisition 28. pp 387-422.

Thompson, P.M., Cannon, T.D., Narr, K.L., Van Erp, T., Poutanen, V.-P., Huttunen, M., ... Khaledy, M.
(2001). Genetic influences on brain structure. Nature Neuroscience, 4. pp 1253-1258.

Vaessen, A., Bertrand, D., T6th D., Csépe V., Faisca, L., Reis, A., Blomert, L. (2010). Cognitive devel-
opment of fluent word reading does not qualitatively differ between transparent and opaque
orthographies. Journal of Educational Psychology, 102/4 pp 827-842.

Van Heuven, W.J., Dijkstra, T. Grainger, J. (1998) Orthographic neighborhood effects in bilingual
word recognition. Journal of Memory and Language,39. pp 458-483.

Wengenroth, M., Blatow, M., Heinecke, A., Reinhardt, J., Stippich, C., Hofmann, E., ... Schneider, P.
(2014) Increased volume and function of right auditory cortex as a marker for absolute pitch.
Cerebral Cortex 24. pp 1127-1137.

Wong, P.C., Warrier, C.M., Penhune, V.B., Roy, A.K., Sadehh, A, Parrish, T.B., Zatorre, R.J. (2008).
Volume of left Heschl’s gyrus and linguistic pitch learning. Cerebral Cortex 18. pp 828-836.

Zou, L., Ding, G., Abutalebi, J., Shu, H., Peng, D. (2012) Structural plasticity of the left caudate in bi-
modal bilinguals. Cortex 48. pp 1197-1206.

66



