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Abstract

Aims and objectives: The present study examined whether phonological awareness reflects a
stable construct or whether it varies by the different languages of bilingual speakers. In particular,
the study tests to what extent language proficiency determines phonological awareness above
and beyond language structural characteristics.

Methodology: Bilingual adult speakers were tested as they afford within-participant comparisons
to address this issue. Specifically, 29 Hebrew (L1)-English (L2) bilinguals were compared to 33
English (L1)-Hebrew (L2) bilinguals on a timed auditory rhyme judgment task including 270 word-
pairs (90 English pairs, 90 Hebrew pairs, and 90 pseudo-Hebrew pairs).

Data and analysis: Reaction times and d' on the rhyme judgment task were compared between
the two bilingual groups to examine the role of language proficiency in predicting phonological
awareness performance. Furthermore, rhyme judgments on Hebrew pairs were correlated with
those on English pairs to provide within-participant index of phonological awareness stability.
Findings: Rhyme judgment performance on the same set of words was affected by the strength
of linguistic representations, as determined by language proficiency profile. English-Hebrew
bilinguals performed better on English pairs, whereas Hebrew-English bilinguals performed better
on Hebrew pairs. Moreover, within-group comparisons revealed that performance in the more
proficient language was not correlated with performance in the less proficient language.
Originality: By testing two groups of bilinguals who differ in their language dominance profile
using the same set of materials (including both L1 and L2 pairs), the results reveal differences in
phonological awareness abilities as a function of language proficiency that cannot be reduced to
structural differences between the examined languages.

Significance: The findings underscore the dynamic nature of phonological awareness abilities
and carry implications for clinical diagnosis of bilingual populations, in that rhyme judgment
performance in one language should not be taken to index expected abilities in the other language
of bilingual speakers.
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An important aspect of cognitive ability is the individuals’ awareness of the sound components that
combine to create words. This phonological awareness allows decoding of the word’s sound com-
ponents, supporting comprehension as well as production and fluent retrieval (James & Burke,
2000; Moriarty & Gillon, 2006; Saiegh-Haddad, 2019). Moreover, phonological awareness has
been shown to be important for reading and writing acquisition (Fowler, 1991; Saiegh-Haddad &
Geva, 2008; Vellutino & Scanlon, 1987; Walley et al., 2003). Specifically, different components of
phonological awareness abilities at preschool are linked to reading proficiency later on (for review,
see Brady & Shankweiler, 1991), and reading difficulties have been suggested to stem from low
ability to manipulate the phonological structure of the language at the spoken level (De Jong & Van
der Leij, 2003; Russak & Saiegh-Haddad, 2011; Saiegh-Haddad, 2019). However, despite its
prominent role in language research, it is still unclear to what extent phonological awareness is a
constant ability, such that a single valid measure is sufficient to predict future performance across
multiple contexts, or whether this is a dynamic skill that is dependent on the strength and/or avail-
ability of the representations over which it is computed. In the current study, this issue is examined
in the context of bilingual speakers. Specifically, we ask whether bilinguals’ phonological aware-
ness is the same in both the first (L1) and the second language (L2).

In the case of bilingual speakers, phonological awareness may be viewed as a single entity, such
that it is independent of the language in question. Such language independent view sees meta-
phonological skills as part of one’s general cognitive resources operating independently of linguis-
tic representations. Phonological awareness can therefore be seen as constrained by working
memory limitations (Leather & Henry, 1994; Oakhill & Kyle, 2000; Rohl & Pratt, 1995) or as
tightly linked to auditory perception (e.g., Janssen et al., 2017). Notably, the single entity view
would predict that bilinguals’ phonological awareness will be highly correlated between their two
languages, because once this metalinguistic ability develops in one language it can be applied to
other languages as well (Durgunoglu et al., 1993). Indeed, there is evidence to suggest that chil-
dren’s phonological awareness in their L1 is predictive of their phonological awareness perfor-
mance in their L2 (Bialystok et al., 2005; Durgunoglu et al., 1993).

In contrast, other theories pose that phonological awareness is not only a domain-general con-
struct, but rather encompasses a linguistic component as well (e.g., the Linguistic Affiliation
Hypothesis, Russak & Saiegh-Haddad, 2011, 2017; Saiegh-Haddad, 2007b). By this alternative,
phonological awareness abilities depend on the strength and availability of linguistic representa-
tions, specifically the phonological representations in long-term memory (for a discussion, see
Saiegh-Haddad, 2019). Under such a theoretical view, phonological awareness may be composed
of multiple entities such that it may change by language (Russak & Saiegh-Haddad, 2011; Saiegh-
Haddad, 2019). These language-dependent, or specific, approaches imply that phonological aware-
ness in one language is not sufficient to explain phonological awareness performance in the other
language. This is not to say that there are no domain-general components to phonological aware-
ness that are independent of language, but rather that at least some components change by
language.

The multiple-entity view of phonological awareness

To the extent that phonological awareness compromises multiple entities, one may expect diver-
gence in bilinguals’ phonological awareness performance in their two languages. In support of this
suggestion, Branum-Martin et al. (2006) exemplified statistical separability of English and Spanish
phonological awareness measures among a large sample of English-Spanish bilingual children
(although considerable overlap was also documented). Similarly, Saiegh-Haddad and Geva (2008)
observed differential performance in a phoneme deletion task in English and Arabic among
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English-Arabic school-aged children, such that performance was better in English than in Arabic.
The direction of this effect may be linked to children’s particular reading experience, but regardless
of the direction and source of this difference, the findings demonstrate differential phonological
awareness abilities in the two languages of bilingual children. Relatedly, Russak and Saiegh-
Haddad (2011) documented better phoneme deletion and isolation in Hebrew than in English
among adult Hebrew-English (HE) bilinguals.

Of relevance, performance of the same individuals in a given task that varies by the language of
the stimuli suggests that phonological awareness performance cannot be explained by a single
entity. One potential factor to contribute to this divergence is the phonological structure of the
languages in question. Thus, the Language Structure view assumes that the phonotactic rules and
phoneme accessibility of the specific language in question determine performance (Russak &
Saiegh-Haddad, 2011; Saiegh-Haddad, 2007b). For example, because in Hebrew typical syllable
structure holds a strong cohesion of the consonant—vowel (CV) unit (a body-coda CV-C structure,
Russak & Saiegh-Haddad, 2017; Saiegh-Haddad, 2007a; Share & Blum, 2005), consonant clusters
are rare, and as a consequence certain phonological awareness tasks such as initial phoneme seg-
mentation or deletion are more difficult to perform (Ben-Dror et al., 1995; Russak & Saiegh-
Haddad, 2017). At the same time, in English there is a strong cohesion of the VC rime unit (an
onset-rime C-VC structure, the Rime-Cohesion Hypothesis, for example, De Cara & Goswami,
2002; Treiman, 1985). Consistent with this difference between Hebrew and English, whereas
native English speakers find it easier to isolate onset phonemes (as the rime is more cohesive),
native Hebrew speakers find it easier to isolate final phonemes (as do native Arabic speakers; for a
review, see Saiegh-Haddad, 2019). Thus, the difference in performance between speakers of each
language is presumably due to cross-linguistic differences in the underlying structure of the sylla-
ble and its distributional properties in the language (see also Russak & Saiegh-Haddad, 2017,
Saiegh-Haddad, 2019).

Of relevance, the psycholinguistic realization of the language structure in question further
depends on the accessibility of the linguistic representations in the speakers’ mind. As emphasized
by the Phonological Representation Hypothesis (Goswami, 2000) and the Distinctness Hypothesis
(Elbro, 1996), the strength of linguistic representations at the phonological and lexical level affects
phonological awareness abilities. According to the Lexical Restructuring Model (Walley et al.,
2003), this ability naturally develops and improves along with vocabulary growth, word familiar-
ity, and the increase of segmental representation. As a result, common words should be associated
with stronger linguistic representations compared to unfamiliar words (see Russak & Saiegh-
Haddad, 2011). Extending this line of thought to the bilingual case, because L1 words are assumed
to be of higher frequency and familiarity for bilingual speakers compared to L2 words (Gollan et
al., 2011; see also Kroll & Gollan, 2014), performance in phonological awareness tasks should be
better on L1 versus L2 or pseudo words (Russak & Saiegh-Haddad, 2011). As a result, under the
multiple-entity view, phonological awareness is expected to be dynamically modulated by speak-
ers’ proficiency.

Thus, according to the multiple-entity view, the availability of phonological representations
within the individuals’ mind, as determined by both the structures of the two languages of the
speaker, and his or her exposure to and proficiency in the language in question affect phonological
awareness abilities. Consistent with this conceptualization, in a recent review of the literature,
Saiegh-Haddad (2019) proposed that phonological awareness in the L2 should be viewed as a dual-
component ability, including a metalinguistic language-independent component and a language-
specific linguistic component. Of relevance, this latter component is influenced by two sources of
variability, namely, the /inguistic distance between the two languages and proficiency in the L2.
Whereas ample evidence has accumulated regarding the role of linguistic distance, as this
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dimension has been shown to constrain the degree of cross-language transfer and the sensitivity of
different phonological awareness tasks to performance in each language (for a review, see Saiegh-
Haddad, 2019), here we focus on the less studied source of L2 proficiency, as explained below.

Linguistic structure of Hebrew and English

The current study focuses on phonological awareness in Hebrew and English. The two languages
in question differ in important ways in their phonological and morphological structure. As alluded
to earlier, whereas in English the VC rime unit is cohesive (e.g., De Cara & Goswami, 2002;
Treiman & Kessler, 1995), in Hebrew (Saiegh-Haddad, 2007a; as well as in Arabic, Saiegh-
Haddad, 2007b, and Russian, Saiegh-Haddad et al., 2010), the core CV unit of the body appears to
be the cohesive unit. This is in part because the CV unit is the most frequent phonological unit in
Hebrew (Ben-David & Bat-El, 2016; Cohen-Gross, 2015; for a discussion, see Russak & Saiegh-
Haddad, 2017; Saiegh-Haddad, 2019). As a result, performance on phonological awareness tasks
that differentially tap these two sub-syllabic structures is expected to differ by language. For
instance, the rhyme judgment task (as utilized in the current study) is especially sensitive to the VC
rime unit as it requires speakers to determine whether word final phonological units overlap across
two instances. Thus, performance should be easier on English than on Hebrew words in this task.
At the same time, morphological differences between Hebrew and English may lead to a different
pattern. Specifically, the VC rime unit may coincide in Hebrew with the word template morpho-
logical unit (vocalic pattern), which are frequent units in the language. Thus, rhyme judgments on
Hebrew words in which a morphological unit appears as the VC unit may be easier than rhyme
judgments on English words.

L2 proficiency

The considerations described above predict phonological awareness performance that is linked to
the structural properties of the language in question. Thus, performance may be better in English
than in Hebrew due to the rime cohesiveness in English or may be better in Hebrew than in English
due to the morphological structure. Critically, if these differences alone determine performance on
the phonological awareness task, then all participants, regardless of their proficiency profile,
should exhibit the same pattern. However, if the psycholinguistic realization of these language
properties affects performance, then participants’ proficiency in the language and the availability
of the representations in each language should modulate performance. Thus, in the current study,
we go beyond these important language properties to test whether performance is influenced by
individuals’ proficiency in the languages in question.

To this end, we test two groups of bilingual speakers who differ in their language proficiency
profile. Specifically, HE bilinguals with Hebrew as their native language and English as their L2
are compared to English-Hebrew (EH) bilinguals, who are native English speakers and learned
Hebrew as an L2. To the extent that language proficiency modulates the availability of phonologi-
cal representations, then the two groups are expected to differ in their performance pattern across
languages with better performance on the more dominant language in which representations are
more available. Specifically, HE bilinguals are expected to perform the rhyme judgment task better
in Hebrew, their dominant language, than in English, whereas the EH bilinguals are expected to
perform better in English, their dominant language, than in Hebrew. By utilizing the same stimuli
set for both groups, the current study sheds light on the relative role of language proficiency, above
and beyond language-specific structural differences.
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Characteristics of the task

The reviewed literature suggests that there is reason to expect phonological awareness perfor-
mance to vary as a function of the characteristics of the languages as well as participants’ profi-
ciency profile. In addition, task characteristics may also affect the observed pattern. Indeed,
different phonological awareness tasks have been used in the literature (Branum-Martin et al.,
2015; Russak & Saiegh-Haddad, 2011), giving rise to differential developmental results (e.g.,
Saiegh-Haddad, 2007a). Here, we opted to use a rhyme judgment task (e.g., Nation & Snowling,
2004; Wagensveld et al., 2013). This task has been used in previous research with children (e.g.,
Nation & Snowling, 1998, 2004), and sensitivity to the presence of a rhyme was more generally
assessed in other paradigms (e.g., rhyme oddity and rhyme detection tasks; for a review, see
Branum-Martin et al., 2012, 2015). These rhyme-based decision tasks are thought to tap epilinguis-
tic, implicit phonological processing (Gombert, 1992), in contrast to “deeper”” phonological aware-
ness tasks that are more dependent on explicit reflective and intentional processes (such as phoneme
isolation; see Saeigh-Haddad, 2007a). Because our focus was on the role of language proficiency
and the way it modulates processing of phonological representations, an implicit, processing-based
task, like the rhyme judgment task, was suitable. Furthermore, because such epilinguistic tasks are
thought to be relatively easy (Adams, 1990; Saiegh-Haddad 2007a), we opted to use a timed vari-
ant of the rhyme judgment task to allow sensitivity to performance of adult speakers, avoiding a
ceiling effect.

The current study

To test the prediction of the multiple-entity view, by which linguistic structure and L2 proficiency
modulate phonological awareness performance, in the current study we utilized a rhyme judgment
task including English, Hebrew, and Pseudo-Hebrew word-pairs and tested two groups of partici-
pants who vary in their language proficiency profile. HE bilinguals with Hebrew as their native
language and English as their L2 (tested in Experiment 1a) were compared to EH bilinguals, who
were native English speakers and learned Hebrew as an L2 (tested in Experiment 1b). If phonologi-
cal awareness is a single entity, then similar performance is expected across the three conditions of
the task (English, Hebrew, Pseudo-Hebrew) within each bilingual group and should correlate
across languages. If, however, a multiple-entity view is accepted, then bilinguals’ rhyme judgment
performance may differ across the languages of the task. Critically, because the targeted languages
Hebrew and English differ in their phonological and morphological structure, performance on the
two languages may differ by virtue of the properties of the language, with better performance in
English than in Hebrew (due to the rime cohesiveness in English) or with better performance in
Hebrew than in English (due to the role of Hebrew morpho-phonological word pattern template).

Of relevance, the linguistic distance component by which differences in phonological structure
across languages affect phonological awareness performance would lead to differences between
Hebrew and English that are stable across the two bilingual groups. Thus, to the extent that the
structural properties of the languages in question (Hebrew vs English) allow for better rhyme judg-
ment performance, then both bilingual groups should pattern in the same way, with better perfor-
mance in English than in Hebrew, or in Hebrew than in English. Furthermore, if L2 proficiency
additionally modulates phonological awareness performance, then performance should pattern
with language dominance. Accordingly, the prediction would be that HE bilinguals would perform
better on Hebrew (L1) pairs compared to English (L2) pairs, whereas EH bilinguals would perform
better on English (L1) pairs compared to Hebrew (L2) pairs.
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Performance on the Pseudo-Hebrew words may resemble that of the Hebrew words, if perfor-
mance is most prominently determined by the morpho-phonological distributional properties of
the language in question. However, if the strength of /exical representations further modifies pho-
nological awareness performance, then pseudo-Hebrew words should result in lower performance
compared to the Hebrew words (Russak & Saiegh-Haddad, 2011). Thus, the findings of the current
study may provide insight into the components contributing to phonological awareness abilities in
bilinguals’ languages.

Method

Experiment |a—HE bilinguals

Participants. Thirty HE bilinguals (9 males; mean age=27.9, SD=1.95) participated in this experi-
ment. They were native Hebrew speakers who grew up and were residing in a Hebrew speaking
environment, and learned English as an L2 in school. Participants were recruited through social
networks, volunteered to participate, and signed an informed consent prior to participation. All
participants had Hebrew as their dominant language, as determined by self-report using a detailed
language history questionnaire (adapted from the Language Experience and Proficiency Question-
naire [LEAP-Q], Marian et al., 2007). Moreover, objective proficiency measures tapping lexical
retrieval abilities in Hebrew and English (semantic fluency tasks in each language) were adminis-
tered to confirm this dominance pattern. One participant did not complete the language history
questionnaire and was therefore excluded from analysis. Background characteristics of the final set
of 29 participants are presented in Table 1 in comparison with those of the EH bilinguals tested in
Experiment 1b.

Materials and procedure. Each participant was tested individually in a quiet room on a laptop
computer with headphones and designated response box (E-prime Chronos; Psychology Software
Tools, Pittsburgh, PA). All communication was carried out naturally in Hebrew with an HE bilin-
gual experimenter. Following a consent form, participants completed the rhyme judgment task
followed by the semantic fluency tasks in Hebrew and English, and the language history question-
naire. The entire protocol lasted about 1 hour.

Rhyme judgment task. Stimuli included 270 word-pairs in one of three language conditions:
English, Hebrew, and pseudo-Hebrew (90 pairs in each, see stimuli list in Appendix 1). All stimuli
were recorded by the same female bilingual speaker of English and Hebrew, who recorded English
words in an English-like pronunciation, and Hebrew and pseudo-Hebrew words in a Hebrew-like
pronunciation. Because bilinguals respond differently to words that share phonological structure
and meaning across languages (i.e., cognates, e.g., Hoshino & Kroll, 2008), stimuli in the English
and Hebrew lists did not include cognates, and concepts were not repeated across languages. Fur-
thermore, stimuli with ambiguous phonology-to-spelling correspondence were avoided. Pseudo-
Hebrew pairs used the Hebrew phonemic repertoire, did not violate Hebrew phonotactic rules, but
were not constructed from specific Hebrew roots, templates, or items. Importantly, they were not
associated with meaning in either Hebrew or English.

Critically, across the three language conditions, half of the pairs included overlapping phono-
logical units in the final syllable requiring a “yes” rhyme decision (see Table 2), whereas the other
half did not include overlapping final syllables, requiring a “no” rhyme decision. Across the three
language conditions, roughly half of the “yes” pairs shared the exact same phonological structure
(e.g., if the first word is a ccve, so was the second one). Of the items requiring a “yes” decision,
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Table I. Participant’s characteristics as a function of language background group.

Measure

Language background

Experiment la

Hebrew-English bilinguals

Experiment |b
English-Hebrew bilinguals

Number of participants

Gender

Age (in years)*

Education (in years)*

SES—maternal education (in years)
English overall proficiency™*

English oral proficiency*

English use™*

Age began learning L2 (in years)*
Hebrew overall proficiency*

Hebrew oral proficiency*

Hebrew use*

Language mixing habits

English semantic fluency (“vehicles”)*
Hebrew semantic fluency (“animals”)*

29
(9 males)
27.90 (1.95)
15.86 (1.47)
16.17 (3.74)
7.04 (1.04)
734 (1.11)
5.87 (1.62)
8.10 (1.78)
9.44 (0.53)
9.41 (0.63)
7.38 (0.97)
4.48 (3.04)
10.21 (2.47)
2421 (5.33)

33
(14 males)
32.27 (8.09)
17.59 (3.00)
17.97 (4.38)
9.88 (0.32)
9.92 (0.22)
7.48 (1.27)
9.79 (8.37)
6.69 (1.38)
7.58 (1.42)
4.61 (1.49)
5.48 (3.01)
12.45 (5.08)
13.68 (6.54)

Note: SDs appear in parentheses. Self-rated proficiency is on a scale of 0—10, with 0 indicating the lowest level of ability
and 10 indicating the highest level of ability. Oral proficiency is computed as the average self-report score of talking and
comprehending. L1 and L2 use is the averaged rated use in speaking, writing, reading, listening to radio, and watching TV
on a scale of 0—10, with 0 indicating the lowest level of use and 10 indicating the highest level of use. Language switching
habits is on a scale of 0—10, with 0 indicating lowest levels of switching to a different language in a conversation with a

proficient bilingual and 10 indicating the highest levels.

*A significant difference between the language background groups at the p <.05 level.

Table 2. Stimulus characteristics.

Word type
Measure English pairs Hebrew pairs Pseudo-Hebrew pairs
Number of pairs 90 90 90
Averaged item frequency* 107.30 (268.90) 30.70 (66.10) N/A
Part of speech (% nouns) 88.90 89.50 N/A
Averaged number of syllables* 1.48 (0.60) 2.21 (0.41) 1.96 (0.67)
Monosyllabic words (%) 63 3 25
Bi-syllabic words (%) 27 74 57
Multiple syllable words (%) 9 23 18
Shared syllabic structure 23 23 24
Basis for “Yes” rhyme decision
Part of syllable 31 14 0
Whole syllable 4 35 6
More than a syllable 15 28 2

Note: SDs appear in parentheses. There were significant differences across word types (at the level of p <.05, marked by *)
in number of syllables and item frequency. Note, however, that Hebrew frequency is based on HebWaC corpus via
Sketch-Engine (see Kilgarriff et al., 2014), whereas English frequency is based on the SUBTLEXUS frequency from
Brysbaert and New (2009). Because frequencies in each language are based on separate and different corpora, the
significant difference between the two-word types should be taken with caution.
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more words in Hebrew shared the entire syllable compared to English (see Table 2 and Appendix
1). This is in line with the difference across the two languages in syllable length, which was statisti-
cally controlled for in the analysis. Of note, if greater phonological overlap facilitates rhyme deci-
sion, all participants, regardless of proficiency profile, should exhibit this tendency. English and
Hebrew items also differed in item frequency, which was similarly controlled for in the analyses.
Finally, 17 Hebrew word-pairs in the “yes” condition adhered to a morphological word-pattern that
could facilitate rhyme decisions because the final syllable was part of this word-pattern (see
Appendix 1). However, because these properties were not targeted in the current design, and were
not manipulated as such, there were not enough items to examine this issue systematically (but see
Russak & Saiegh-Haddad, 2011).

Of the “no” rhyme pairs in English and Hebrew, stimuli were further sub-divided into three pair
types: (1) semantically related pairs (e.g., “purse—bag”); (2) translated rhyme pairs (e.g., “monkey—
drum” translated into Hebrew as a rhyme /kof/-/tof/); and (3) non-related pairs (e.g., “oven—let-
ter””). These sub-types were included to allow examination of how strength of lexical representations
and cross-language activation modulate rhyme judgment performance. Notably, however, prelimi-
nary analysis revealed no influence of this sub-division, and these were therefore collapsed in cur-
rent analyses.

In the rhyme judgment task, participants were instructed in their dominant language to decide
whether each word-pair presented auditorily rhymed or not, by pressing the response box as quickly
and as accurately as possible. No definition of what constitutes a rhyme was given, such that par-
ticipants were free to base their decision on their intuitive understanding of the concept, following
the four practice items given. We return to this issue in the discussion. Each trial began with a fixa-
tion cross at the center of the computer screen, followed by a 1,000-ms silent pause. The first word
of the pair was then auditorily presented, followed by a silent pause of 1,000 ms. The second word
was then auditorily presented, followed by another silent 1,000 ms interval. A question mark then
appeared on the screen, and participants were to press “V/” to indicate a “yes” response or an “X”
to indicate a “no” response, with their dominant hand. Participants’ reaction times (RTs) (in ms,
from the onset of the question mark) and accuracy were recorded by the computer program. No
feedback was given throughout the task. Presentation order was randomized by the computer pro-
gram, and experimental trials were interleaved with an optional short break. Four practice trials
preceded the experimental trials.

Semantic fluency task. Participants performed a semantic fluency task on one category in each
language, “Animals” in Hebrew and “Vehicles” in English (Kavé, 2005). For each category, partic-
ipants were asked to produce as many words as possible within 1 minute, signaled by an animated
hourglass on the screen. Responses were recorded for later coding. As these categories differ in
their density (Animals being a wider category than Vehicles), fluency scores served for between
individual comparisons, as well as to verify participants dominance profile (Hebrew vs English) in
the two groups tested in Experiments 1a and 1b.

Language history questionnaire. Participants’ language background information was collected
using a detailed language-history questionnaire fulfilled with the experimenter (modified from
LEAP-Q, Marian et al., 2007).

Experiment |b—EH bilinguals

In addition to providing a comparison to the HE bilinguals tested in Experiment 1a, the original
goal of Experiment 1b was also to examine whether short-term changes in language context affect
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performance in the rhyme judgment task. Our original reasoning here was that language context
may affect the accessibility of linguistic representations (Degani et al., 2020; Kreiner & Degani,
2015), such that it may dynamically affect participants’ ability to perform the rhyme judgment task
in each language. Thus, participants performed half of the trials (i.e., 135 word-pairs, including
English, Hebrew, and pseudo-Hebrew pairs) before a brief exposure manipulation, including either
watching an English movie or playing a non-linguistic computer game for 10 minutes, and one-half
following this exposure. However, because stimuli lists were unintentionally not properly counter-
balanced before and after exposure, and because there were no reliable brief exposure effects, these
analyses are reported in Appendix 6 and are not discussed further. For the purpose of the current
study, performance in the pre-exposure phase only is considered, consisting of 135 trials. These
pre-exposure trials are compared to the first 135 trials completed by the HE bilinguals tested in
Experiment 1a.

Participants. A total of 60 EH-speaking participants (26 males; mean age=34.7, SD=10.9), who
grew up in an English-speaking country and studied Hebrew as an L2, took part in the experiment.
At the time of testing, participants were residing in Israel, in which the environmental language is
Hebrew. Participants were recruited through social media networks and were paid for their partici-
pation. They had English as their dominant language, as determined by self-report using the
detailed language history questionnaire (adapted from the LEAP-Q, Marian et al., 2007), and veri-
fied using the objective proficiency measure (semantic fluency in each task).

Of these participants, nine were excluded because: they were born in a non-English-speaking
country (two participants); were exposed to Hebrew from birth (four participants); or due to techni-
cal difficulty in task administration (three participants). In addition, of the remaining 51 partici-
pants, there were 8 who reported having a learning disability or attention deficits, 3 who were more
than 3 SD above study mean age, 2 who reported low Hebrew proficiency (subjectively rating their
Hebrew proficiency below 3 on a 0-10 scale), and 5 who experienced distractions during task
administration, including background linguistic exposure. Analyses were conducted with and with-
out these participants and yielded the same patterns. Thus, analysis based on the smaller group
(n=33) is presented here (see Table 1 for background characteristics).

Materials and procedure. Experimental materials and procedure were identical to those used in
Experiment 1a, with two exceptions. First, in Experiment 1b, the rhyme judgment task was divided
into two blocks (each containing 135 pairs, with 45 pairs in each language condition, matched on
syllable length, item frequency, and part-of-speech—see Appendix 2), interleaved with a 10-min-
ute exposure task (watching an English movie or completing a non-linguistic computerized game).
As explained above, only the first of these blocks, which was identical for all participants, is ana-
lyzed here. Second, the semantic fluency task included two categories in each language (“Ani-
mals” and “Professions” in Hebrew, followed by “Fruits and Vegetables” and “Vehicles” in
English). Comparisons across the two bilingual groups focus on the shared categories (Animals
and Vehicles, see Table 1).

Results

Data analysis approach

To examine performance in the rhyme judgment task, d" were computed for each participant to
reveal participants’ sensitivity in each pair type (English, Hebrew, pseudo-Hebrew). This measure
subtracts the normalized false-alarm rate from the normalized hit rate, thus controlling for
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Table 3. Reaction times on correct responses (top) and percentage of errors (bottom) in the rhyme
judgment task, as a function of response, group, and type of item.

Response type

Yes responses No responses

Reaction times (ms) HE bilinguals EH bilinguals HE bilinguals EH bilinguals
English pairs 273 (118) 303 (149) 283 (136) 292 (142)
Hebrew pairs 277 (125) 325 (151) 277 (127) 307 (142)
Pseudo-Hebrew pairs 320 (146) 359 (164) 292 (134) 313 (143)
% Errors

English pairs 0.09 (0.30) 0.12 (0.35) 0.01 (0.13) 0.00 (0.07)

Hebrew pairs 0.02 (0.17) 0.09 (0.29) 0.01 (0.12) 0.05 (0.25)

Pseudo-Hebrew 0.13 (0.37) 0.18 (0.40) 0.01 (0.09) 0.01 (0.14)
pairs

HE: Hebrew-English; EH: English-Hebrew.
SDs appear in parentheses.

participants’ response bias. To examine the within-participant interdependence of sensitivity in the
two languages of bilingual speakers, the correlation between the @’ for Hebrew pairs and the d” for
English pairs within each bilingual group were examined. In addition, RTs were analyzed using
linear mixed-effects models, as these models allow one to simultaneously account for variance
related to participants and to items. For completeness, error rate data are presented in Table 3 and
their analyses reported in Appendix 5. RTs on correct responses were trimmed to remove trials on
which latencies were more than 2.5 SD from the mean of each participant on correct responses
(excluding about 8% of the data). To verify excluded data did not change results, analyses were
conducted with and without these exclusions and yielded the same pattern of results (see Appendix
3 for raw data analysis). Models were fit using the buildmer function in the buildmer package (v.
1.3, Voeten, 2019) in R (version 3.6.1, R Core Team, 2019), which uses the /mer function from the
Ime4 package (v 1.1.-21, Bates, Maechler, et al., 2015). Using backward stepwise elimination, the
buildmer function starts from the most complex model and systematically simplifies the random
structure until the model converges. Once the maximally converging model as supported by the
data has been identified (Bates, Kliegl, et al., 2015), the function calculates p-values for all fixed
effects based on Satterthwaite degrees of freedom using the /merTest package (v. 3.1-0, Kuznetsova
etal., 2017). When necessary, to probe interactions and examine pairwise comparisons, the selected
model was refitted using /mer and followed by the festInteractions function from the phia package
(v. 0.2-1, De & Rosario-Martinez, 2015) with Bonferroni adjustments for multiple comparisons.

The models included the first 135 trials of the HE bilinguals and the pre-exposure block of the
EH bilinguals (see Table 3 for descriptive statistics of performance). The maximal models submit-
ted to the buildmer function included Group (HE vs EH, with EH set as the reference), Type
(English, Hebrew, and pseudo-Hebrew with English set as the reference), and Rhyme Response
(Yes vs No, with No set as the reference) and the interactions among them. Random effects included
by-participant and by-item intercepts, as well as by-participant slopes for Response and Type and
their interaction, and by-item slope for Group.

To account for baseline differences among the pair types in syllable length, this factor was nor-
malized and included as a control variable. To control for frequency differences between the
English and Hebrew items, and because the corpora over which these frequencies were calculated
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Figure |. Estimated d'in the rhyme judgment task as a function of group and pair type (error bars
represent SE).

differ, the frequency counts were normalized within each language and this normalized score was
used as a control variable. Pseudo-Hebrew words were assigned a value of —1 for these calcula-
tions (the minimum normalized score in this sample for Hebrew and English was —0.5). Furthermore,
to control for baseline differences between EH and HE bilinguals, age, education, and socioeco-
nomic status (SES) were normalized and included as control variables. Below we report significant
findings and present the selected models from the Anova function. Full summary of the models and
of the pairwise comparisons with Bonferroni corrections are presented in Appendix 4.

Sensitivity—d'

Comparing HE with EH bilinguals. Because the rhyme judgment task entails a yes/no decision com-
ponent, participants may exhibit a bias in their responses. To account for this, we computed d” for
each participant in each type. Repeated-measures ANOV A with Type as a within-participant factor
and Group as a between-participant factor on d” revealed a main effect of type (£(2,120)=2.81,
MSE=0.97, p=.025, ni =.06), a main effect of group (£(2,60)=12.17, MSE=1.57, p=.001,
nf, =.17), and a significant interaction (F(2,120)=10.63, MSE=0.97, p <.001, ni =.15; see Fig-
ure 1). Follow-up tests within each group, followed by pairwise comparisons with Bonferroni cor-
rections, revealed a significant effect of Type for EH bilinguals (F(2,64)=5.91, MSE=1.13,
p=.004, nf) =.16), such that their sensitivity was significantly higher for English pairs compared
to the other two types, which did not differ from each other. For HE bilinguals, the Type effect was
significant as well (F(2,56)=9.24, MSE=0.79, p <.001, ni =.256), with sensitivity being higher
for Hebrew pairs compared to the other two types, which did not differ from each other.

Correlations between performance in Hebrew versus English. To uncover the degree to which the indi-
vidual’s performance in each language was independent of his or her performance in the other lan-
guage, we examined the correlation between the d”of Hebrew and the d” of English pairs within and
across the bilingual groups. These analyses revealed that across the entire sample (7(62)=.12,
p=.34), as well as in the HE (#(29)=.18, p=.34) and EH (#(33)=.17, p=.34) bilinguals separately,
there was no correlation between the sensitivity to rhymes in English and in Hebrew (see Figure 2).
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Figure 2. Correlation between d' on LI and L2 pairs in the (A) Hebrew-English bilingual group and the
(B) English-Hebrew bilingual group.

Table 4. Selected model summary predicting RT on correct responses.

RTs (ms) on correct responses

Fixed effects MSS Num. df Den. df F-value p-value
(Normalized) Age 145,499 | 62 8.86 .004+*
Type 829,607 2 6,794 50.49 <.00 |
(Normalized) Syllable length 115,673 | 62 7.04 01*
Group 84,802 | 62 5.16 .03*
Response 490,095 | 6,798 29.83 <.00 [ *#*
Type X Response 227,345 2 6,794 13.84 <.00 [ ##*
Group X Response 98,268 | 6,797 5.98 OI1*
Type X Group 64,736 2 6,794 3.94 .02%

RT: reaction time. MSS: Mean Sum of Squares.
*p < .05; % p < .0l; ¥ p <0.001.

Reaction times

Table 3 presents mean performance as a function of Response (yes vs no), Group (EH vs HE) and
Type (English, Hebrew, pseudo-Hebrew). The RT analyses revealed that RTs increased with age
but decreased with average syllable length. Of relevance, there were main effects for Response,
Type, and Group that were qualified by two-way interactions between Response and Type,
Response and Group, and critically Type and Group (see Table 4 and corresponding Appendix 4).

Follow-up tests with Bonferroni corrections for multiple comparisons revealed that RTs
were slower for Yes than for No responses only for pseudo-Hebrew words, and that this
Response effect was significant for EH bilinguals but only marginal for HE bilinguals. Most
critically, collapsing across response type, for EH bilinguals, responses were significantly
faster for English pairs than for Hebrew pairs which in turn were significantly faster than the
pseudo-Hebrew pairs. For HE bilinguals, responses were equally fast for Hebrew and English
pairs, which were both faster than responses to pseudo-Hebrew pairs (see Figure 3 and Appendix
4 for all pairwise comparisons).
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Figure 3. Estimated reaction times on correct responses in the rhyme judgment task as a function of
group and pair type (error bars represent SE calculated for within-participant variables following Morey,
2008).

Discussion

The goal of the present study was to examine whether bilinguals’ phonological awareness reflects
a single entity, or whether it reflects multiple entities such that phonological awareness perfor-
mance varies between the L1 and L2 of bilingual speakers. Comparing two groups of bilinguals
who differ in their proficiency profile, we observed that rhyme judgment performance on the same
set of words was affected by participants’ proficiency profile. In particular, HE bilinguals exhibited
increased sensitivity to Hebrew (L1) pairs compared to English and pseudo-Hebrew pairs, as
reflected in a d"measure, whereas EH bilinguals exhibited increased sensitivity to their L1 (English)
compared to Hebrew and pseudo-Hebrew pairs. Furthermore, EH bilinguals responded signifi-
cantly more quickly to English pairs, compared to Hebrew pairs, which in turn were faster than
pseudo-Hebrew pairs. The advantage in RT for English pairs was not observed in the HE bilingual
group, who responded equally fast to Hebrew and English pairs, which in turn were both faster
than pseudo-Hebrew pairs.

Phonological awareness as a multiple entity

Most prominently, these findings demonstrate that phonological awareness performance varies
between the two languages of bilingual speakers. In both bilingual groups, we observed differential
performance in Hebrew and English, suggesting that phonological awareness in one language is
not fully determined by this ability in the other language. The current findings are in line with
previous results showing differences in bilinguals’ phonological awareness performance in their
two languages (Russak & Saiegh-Haddad, 2011, with adult HE bilinguals) and the suggestion that
phonological awareness is part of one’s language representations (e.g., the Linguistic Affiliation
Hypothesis, Russak & Saiegh-Haddad, 2011, 2017; Saiegh-Haddad, 2007b; Swan & Goswami,
1997; White et al., 2017).

Interestingly, the current study sheds light on the particular components that operate to affect
phonological awareness. Specifically, the structural differences between the languages in question
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would have predicted that all participants would respond better to stimuli in a given language com-
pared to the other language. The same ordered performance was predicted regardless of profi-
ciency profile. If the phonological structure of the language is most critical, then the cohesiveness
of the VC rime unit in English should have led to better performance on English than on Hebrew
pairs. In contrast, if the morpho-phonological structure of Hebrew and the presence of the word
pattern template are crucial, then performance on these Hebrew word-pairs was expected to be
better than on English word-pairs for all participants (though because the presence of word pattern
templates was not systematically manipulated, more work may be revealing here).

Going beyond these predictions, however, the current results revealed modulations by profi-
ciency profile, in that the EH bilinguals processed English pairs better, whereas the HE bilinguals
processed Hebrew pairs better. The results are therefore consistent with the suggestion that the
strength of the linguistic representations in the speakers’ mind affect his or her ability to perform a
phonological awareness task (Walley et al., 2003). Bilinguals across both groups determined the
rhyme status of pairs in their L1 better than pairs in their L2. Presumably, long-term accumulated
language use increased the frequency and availability of linguistic representations in the more
dominant language. This in turn modulated the ease with which different bilingual groups per-
formed the rhyme judgment task in each language.

The current findings underscore the relevance of the availability of linguistic representations as
the basis for phonological awareness performance. Notably, these linguistic representations may
entail both lexical and sub-lexical (phonological) representations, and these may both be at play. In
the current study, the difference in processing of Hebrew versus English word-pairs could be due
to differences in the strength of /exical representations, as words in the L1 and L2 are likely to dif-
fer in their respective frequency and thus availability (e.g., Gollan et al., 2011). At the same time,
frequency of exposure to each language may also affect the availability of and familiarity with
sub-lexical (phonological) representations of each language, such that the strength of phonological
representations may similarly affect bilinguals’ performance in their L1 and L2. The advantage for
phonological awareness performance in the dominant language observed here cannot dissociate
these two sources. However, one aspect of our study supports the unique contribution of lexical
knowledge. Specifically, processing of Hebrew words was superior to that of pseudo-Hebrew
words, in both the d' and RT measures for the HE bilinguals. The same numeric pattern was
observed for EH bilinguals as well. As the critical difference between Hebrew and pseudo-Hebrew
items is the lexical status of their referents, the difference between them provides suggestive evi-
dence that the strength of lexical representations contributes to sub-lexical, phonological, aware-
ness. This suggestion is consistent with the Lexical Restructuring Model (Walley et al., 2003) and
previous studies in which language membership and lexical status were directly manipulated (e.g.,
Russak & Saiegh-Haddad, 2011).

Moreover, in addition to speakers’ exposure to each language, which affects the accessibility of
linguistic representations, cross-language overlap may further affect their availability. For instance,
a rhyme judgment decision may be easier on pairs that include shared phonemes across languages,
than on pairs that include language-specific phonological units (e.g., a vowel contrast that exists in
one language but not the other). Structural differences across languages may constrain the degree
to which lexical and sub-lexical units are shared across languages. Systematically quantifying the
contribution of language exposure and cross-language influences to bilinguals’ phonological
awareness performance is, however, beyond the scope of this study (but see Kuo & Anderson,
2010).

Of relevance, the association between participants’ proficiency and their phonological aware-
ness performance in a given language may reflect reciprocal relations, such that proficiency
improves phonological awareness, and phonological awareness improves proficiency. Such
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bidirectional links have been central to the relation between phonological awareness and literacy
development (Castles & Coltheart, 2004), and evidence indeed suggests that not only phonological
awareness affects reading development (e.g., Tornéus, 1984) but also knowledge of orthographic
representations and learning to read affect the way speakers perceive and operate over phonologi-
cal representations (e.g., Ben-Dror et al., 1995; Goswami et al., 2005). Accordingly, the observed
relation between language proficiency and phonological awareness may reflect not only the fact
that speakers are better able to manipulate the sound components when the strength of linguistic
representations are higher, but also that increased phonological awareness abilities promote speak-
ers’ ability to acquire spoken and written proficiency in the language (see related discussion regard-
ing reading disabled individuals in Russak & Saiegh-Haddad, 2011). Future longitudinal or
intervention studies may reveal the nature of this causal relation.

Independence across the two languages

In the current study, participant’s rhyme judgment sensitivity in one language was not correlated
with his or her sensitivity in the other language. This independence of phonological awareness in
the two languages was observed for both the HE and the EH bilinguals. The finding is at odds with
previous studies documenting correlations between bilingual children’s phonological awareness in
their two languages (Bialystok et al., 2005; Durgunoglu et al., 1993; Geva & Siegel, 2000). This
correlation was interpreted to suggest the reliance of phonological awareness in the L2 on phono-
logical awareness abilities in the L1 (Navarra et al., 2005; Simon et al., 2014). Of note, most of
these studies were conducted with children who are still developing and establishing the compo-
nents of their phonological awareness abilities, whereas the current study examined typical adult
population. It is possible that the reliance on L1 representations in L2 phonological awareness
tasks is diminished for more proficient speakers, as may be the case for adult speakers. Furthermore,
the structural difference between L1 and L2 may similarly constrain the degree to which phono-
logical awareness in the L1 can serve as the basis for phonological awareness in the L2 (Saiegh-
Haddad, 2019). Future studies which directly compare children and adults on the same tasks (Baker
et al., 2008; Simon et al., 2014), and that compare more and less similar languages (Bialystok et
al., 2005), will be informative in this respect.

Furthermore, in the studies that observed correlations across languages, phonological aware-
ness was examined with other tasks that may rely to a different extent on the strength of linguistic
representations. For instance, Durgunoglu et al. (1993) tested phonological awareness with seg-
menting and blending assignments, whereas Bialystok et al. (2005) evaluated phonological aware-
ness by phoneme counting and nonword decoding. Different tasks vary in the extent to which they
highlight cross-linguistic differences in phonological awareness (Branum-Martin et al., 2015) and
may similarly vary in the degree to which they rely on the strength of linguistic representations and
depend on language proficiency. Specifically, the rhyme judgment task utilized here may be con-
sidered an epilinguistic task (Gombert, 1992), which relative to “deeper,” more explicit metalin-
guistic awareness tasks relies more on implicit phonological processing skills. As such, the rhyme
judgment task is likely to be influenced by language-specific experience more than other, more
meta-cognitive tasks such as phoneme segmentation or deletion (Saiegh-Haddad, 2007a). These
considerations raise the possibility that the observed language-dependent effects may be exagger-
ated by the nature of the task used here. Future work in which deeper phonological awareness tasks
are utilized are important in this respect. Relatedly, as the task is designed to test implicit phono-
logical processing, instructions were kept to a minimum, and participants were to base their judg-
ments on their intuitive understanding of the task. This aspect likely increased variability in our
sample. Critically, however, given that a within-participant design was used, participants’
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interpretation of the task likely guided their decisions across all item types. Furthermore, such
rhyme judgment tasks are commonly used in educational and clinical practices, and thus under-
standing the degree to which performance on this task in one language predicts performance in
another is of great practical relevance, as described below.

Implications for the theory of phonological awareness and clinical practice

The current study suggests that phonological awareness of bilingual speakers cannot be explained
by a single entity approach and is influenced by the strength of linguistic representations. This is
evident in three aspects of the findings. First, all bilingual participants exhibited enhanced phono-
logical awareness sensitivity to items in their more dominant compared to their less dominant
language. Second, there was no correlation between participants’ performance in the two lan-
guages. Third, strength of item representations, as reflected by item frequency, predicted perfor-
mance, such that rhyme judgments on more strongly represented items (i.e., more frequent items)
were better than rhyme judgments on weaker represented items.

Thus, extending the extensive line of research documenting the influence of language structure
and linguistic distance on phonological awareness performance (see Janssen et al., 2017; for a
recent review, see Saiegh-Haddad, 2019), the current findings highlight the importance of lan-
guage proficiency as a central component in a multiple-entity view of phonological awareness.
Because responses to the same set of linguistic items (e.g., Hebrew pairs) were consistently modu-
lated by participants’ proficiency profile, the findings lend support to the important role of the
strength of linguistic representations within the speakers’ mind. Phonological awareness abilities
are therefore better conceptualized as dependent, at least to some extent, on participants’ language
proficiency. At the same time, domain-general cognitive or auditory abilities may further contrib-
ute to participants’ performance (see also Saiegh-Haddad, 2019).

Importantly, we did not observe any correlation between performance in the two languages of
the same individuals. This suggests that reliance on speakers’ rhyme judgment in one language as
a proxy for his or her ability in the other language is unwarranted. This is a critical consideration
for clinical and educational practice. The extent to which similar independence is observed beyond
the typical adult population tested here awaits additional research.

Conclusion

The above findings underscore the complex nature of phonological awareness and the strong
impact of language proficiency on this important ability. Two groups of bilingual adults exhibited
better performance in a phonological awareness task in the language they were more proficient in
(i.e., their L1) compared to their less proficient language (L2). The results support the suggestion
that the strength of linguistic representations affect phonological awareness performance above
and beyond the phonological structure of a specific language. Phonological awareness emerges as
a multiple-entity complex ability, heavily influenced by speakers’ strength of linguistic representa-
tions, as indexed by their language proficiency profile. Further research is needed to determine
whether phonological awareness performance can be dynamically modulated by short-term modu-
lations of language accessibility.
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Appendix 3

Analysis on RT data without outlier removal

Long-term modulations—English-Hebrew versus Hebrew-English bilinguals. Raw reaction time (RT)
(without trimming of trials more than 2.5 SDs from each participant’s mean correct response) was
log-transformed prior to analysis to remove skew in the distribution. The analyses of these logRT
revealed that RTs decreased with average syllable length. Of relevance, there were main effects for
Response and Type that were qualified by two-way interactions between Response and Type,
Response and Group, and critically Type and Group (see Table 6 from the Anova function and Table
7 from the summary function of the selected model). RTs were slower for ‘yes’ responses, and this
was more pronounced for pseudo-Hebrew words. Furthermore, the difference was larger for Eng-
lish-Hebrew bilinguals. Most critically, follow-up tests with Bonferroni corrections for multiple
comparisons reveal that in both participant groups, responses were equally fast for Hebrew and
English pairs, which were both faster than responses to pseudo-Hebrew pairs (see Figure 4).

Table 6. Anova summary of the model predicting log RT data.

Log RTs (ms) on correct responses

Fixed effects MSS Num. df Den. df F-value p-value
(normalized) Syll 0.38 I 63 3.99 .050+
Response 2.65 I 136 27.84 <.000%#*
Group 0.13 | 65 1.39 243
Type 1.53 2 24| 16.04 <.000%#*
Type X Response I.10 2 246 11.51 <.0007%#*
Group X Response 0.39 | 74 4.05 .048*
Type X Group 0.32 2 4325 3.31 .037%

RT: reaction time.
+ p <0.1; * p < .05; ¥ p <0.001.

Table 7. Summary of the selected model predicting log RT.

Log RTs (ms) on correct responses

Fixed effects Estimate SE df t-value p-value
(Intercept) 2.38 0.05 74.10 4431 <.001%#*
(normalized) Syll -0.10 0.05 62.66 -2.00 050+
Response (Yes) 0.08 0.02 231.78 3.18 .002+*
Group (HE) 0.17 0.1 64.57 |.64 .106
Type (Hebrew) 0.04 0.02 315.88 1.80 072+
Type (Pseudo) 0.03 0.02 312.96 1.50 135
Type (Hebrew) X Response (Yes) —-0.04 0.03 244.11 -1.27 207
Type (Pseudo) X Response (yes) 0.10 0.03 246.81 3.38 .00 [
Group (HE) X Response (yes) -0.05 0.02 73.80 -2.01 .048%*
Type (Hebrew) X Group (HE) -0.05 0.02 4366.04 -2.57 .010%*
Type (Pseudo) X Group (HE) -0.03 0.02 4174.86 -1.32 .186

(Continued)
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Table 7. (Continued)

Random effects Variance (SD)

Intercept Slope
Participant 0.01 (0.12) 0.004 (0.07)
Item 0.01 (0.07)
Residual 0.10 (0.31)

RT: reaction time; HE: Hebrew-English; EH: English-Hebrew.

Selected Model: buildmer(logRT~(| + Response|Subject) + (1|ltemID) + SyllableLength + (Group + Re-

sponse + Type)?, data=BISRHRT, ddf="Satterthwaite,” REML =FALSE, control =ImerControl(optimizer =“bobyqa”),
calc.anova=TRUE, calc.summary=TRUE).

+ p <0.1; * p < .05; ¥ p < .0l; ¥*p <0.001.
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Figure 4. Estimated reaction times (without cleaning) on correct responses in the rhyme judgment task
as a function of group and pair type (error bars represent SE calculated for within-participant variables
following Morey, 2008).

Appendix 4

Selected model summary predicting RT comparing both groups and multiple comparisons

Table 8. Summary table for the selected model predicting reaction time comparing English-Hebrew to
Hebrew-English (HE).

Clean reaction times (ms) on correct responses

Fixed effects Estimate SE df t-value p-value
(Intercept) 226.61 26.10 65.44 8.68 <.00 [
(normalized) Age 24.14 8.11 62.10 2.98 <.001%*
Type (Hebrew) 15.32 6.36 6,792.56 2.41 .02%
Type (Pseudo) 21.43 6.35 6,792.75 3.37 <.00[*¥F*¥
(normalized) Syllable length -68.32 25.75 62.32 -2.65 .018*

(Continued)
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Table 8. (Continued)

Group (HE) 136.55 52.97 63.47 2.58 O0l1*
Response (yes) 10.08 6.14 6,793.38 1.64 .10
Type (Hebrew) X Response (yes) 598 7.52 6,793.46 0.80 43
Type (Pseudo) X Response (yes) 3791 7.71 6,793.65 4.92 <.00 | *#*
Group (HE) X Response (yes) -15.28 6.25 6,797.42 —-2.45 0l1*
Type (Hebrew) X Group (HE) -20.71 7.52 6,793.92 -2.75 Nl ko
Type (Pseudo) X Group (HE) -6.82 7.68 6,793.90 -0.89 .37
Random effects Variance (SD)

Intercept Slope

Participant
Residual

3,332 (57.72)
16,431 (128.18

Selected Model: buildmer(RT~(I|Subject) + Age + SyllableLength + (Group + Response + Type)?, data=BISRHRT,
ddf="“Satterthwaite,” REML =FALSE, control =ImerControl(optimizer =*“bobyga”), calc.anova=TRUE, calc.sum-

mary =TRUE).
*p < .05; % p < .01; ¥ p <0.001.

Table 9. Pairwise comparisons with Bonferroni corrections for multiple comparisons.

2

Pairwise comparison Fixed level Value df X p-value
No-yes English -2.44 | 0.21 1.00
No-yes Hebrew -8.42 | 2.53 .33
No—yes Pseudo -40.35 | 52.66 <.00 |+
No—yes EH —-24.71 | 31.79 <.00 |+
No-yes HE -9.43 | 4.48 .069 =
EH-HE English -12891 | 5.95 .044*
EH-HE Hebrew -108.19 | 4.19 122
EH-HE Pseudo -122.09 | 5.33 063+
English—-Hebrew EH -18.32 | 12.23 .003**
English—Pseudo EH -40.38 | 56.01 <.00 | #F*
Hebrew—Pseudo EH -22.07 | 16.81 <.00[##*
English—-Hebrew HE 2.40 | 0.20 1.00
English—Pseudo HE -33.57 | 3741 <.00[##*
Hebrew—Pseudo HE -35.97 | 43.61 <.00[##*
English—Hebrew No-EH -15.32 | 5.80 .193
English—Pseudo No—-EH -21.43 I 11.38 .009%*
Hebrew—Pseudo No-EH -6.10 I 091 1.000
English—Hebrew Yes—EH —21.31 I 10.64 013%*
English—Pseudo Yes—EH -59.34 I 73.94 <.00|#¥*
Hebrew—Pseudo Yes—EH -38.03 I 31.14 <.00|#¥*
English—Hebrew No-EH 5.39 | 0.69 1.000
English—Pseudo No-HE -14.61 | 4.99 .305
Hebrew—Pseudo No-HE —-20.00 | 9.32 .027%
English—Hebrew Yes—HE -0.59 I 0.01 1.000
English—Pseudo Yes—HE —52.52 I 58.42 <.00 [ ##*
Hebrew—Pseudo Yes—HE -51.93 I 5891 <.00 [ ##*

HE: Hebrew-English; EH: English-Hebrew.

* p <0.1; * p < .05; ¥ p < .01; ** p <0.001.
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Appendix 5

Error rate analyses comparing both groups

Error rates were analyzed following a binomial distribution (i.e., mixed logistic regression), and model
building strategy was identical to that reported for the RT analyses. The error rate analyses revealed
that correct ‘yes’ responses were significantly more error prone than ‘no’ responses (see Tables 10 and
11). In addition, frequency (normalized within each language) exerted a significant effect, such that
increased frequency was associated with fewer errors. Furthermore, there was a significant interaction
between Type and Group (see Figure 5). Follow-up tests with Bonferroni corrections (see Table 12)
revealed, however, that the differences among the pair types did not reach significance in either group.
Results remained the same when frequency was not controlled for in this analysis.

Table 10. Selected model summary predicting error rates for the first part of the task (135 items).

Error rates

Fixed effects df MSS F-value p-value
Response I 2591 2591 <.00]#¥*
zfrequency I 7.99 7.99 .005%*
Group I 2.73 2.73 .10
Type 2 1.24 1.24 .54
Response X Type 2 3.15 3.15 21
Type X Group 2 6.01 6.01 .05%
+ p <0.1; ¥ p < .01; #¥ p <0.001.
Table Il. Summary table for the selected model predicting error rate comparing English-Hebrew to
Hebrew-English.
Error rate (ms) on correct responses
Fixed effects Estimate SE z-value p-value
(Intercept) -7.75 0.76 -10.26 <.001%#*
Response (yes) 2.43 0.70 3.48 .00 | #F*
zFrequency -0.55 0.33 -1.68 093+
Group (HE) 1.79 0.63 2.86 .004**
Type (Hebrew) 2.01 0.84 2.38 017*
Type (Pseudo) 0.10 0.90 0.11 912
Response (yes) -0.99 0.86 -1.15 .249
Type (Hebrew) X Response (yes) 1.49 0.85 1.75 .080+
Type (Pseudo) X Response (yes) -2.39 0.67 -3.59 <.00 [
Type (Hebrew) X Group (HE) -1.24 0.63 -1.96 050+
Type (Pseudo) X Group (HE) -7.75 0.76 -10.26 <.00 [
Random effects Variance (SD)

Intercept Slope
Participant 1.07 (1.04) 4.78 (2.19)
Item 6.42 (2.55) 2.75 (1.66)

+ p<0.1; % p < 01; % p <0.001.
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Table 12. Pairwise comparisons with Bonferroni corrections for multiple comparisons of the error rate
data.

Pairwise comparison Fixed level Value df x p-value
No-yes English 0.08 | 12.07 .002+*
No-yes Hebrew 0.19 | 4.08 A3
No-yes Pseudo 0.02 | 29.86 <.00 | #¥*
EH-HE English 0.14 | 8.16 .013*
EH-HE Hebrew 0.64 | 1.04 92
EH-HE Pseudo 0.37 | 1.16 .85
English—Hebrew EH 0.18 | 5.06 15
English—Pseudo EH 0.30 | 1.28 1.00
Hebrew—Pseudo EH 0.66 I 0.90 1.00
English—Hebrew HE 0.71 I 3.69 .33
English—Pseudo HE 0.60 | 0.55 1.00
Hebrew—Pseudo HE 0.38 I 0.76 1.00

+ p <0.1; * p < .05; ¥ p < .0I;¥* p <0.001.
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Figure 5. Estimated error rates in the rhyme judgment task as a function of group and pair type (error
bars represent SE calculated for within-participant variables following Morey, 2008).

Appendix 6
Brief exposure effect within the English-Hebrew bilinguals tested in Experiment Ib

These analyses include 33 English-Hebrew bilinguals tested in Experiment 1b, predicting perfor-
mance in the rhyme judgment task as a function of Response (No vs Yes), Pair Type (English,
Hebrew, pseudo-Hebrew), Time (pre- vs post-exposure) and Condition (Control non-linguistic vs
Experimental English movie). The effect of interest was an interaction between Time and Condition,
but the effect of Time and its interaction with Condition did not survive model comparisons.
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Table 13. Summary table for the selected model predicting RT comparing experimental and control
among English-Hebrew bilinguals.

Clean reaction times (ms) on correct responses

Fixed effects Estimate SE df t-value p-value
(Intercept) 33791 17.84 47.97 18.94 <.00 |+
Type (Hebrew) 13.99 10.96 216.26 1.28 203
Type (Pseudo) 20.99 10.92 214.77 1.92 056+
(normalized) Syllable length 19.30 3.56 312.77 5.42 <.00 ¥
Condition (Experimental) —49.43 22.02 33.39 -2.25 .032*
Response (yes) 0.44 11.24 226.46 0.04 969
Type (Hebrew) X Response (yes) 23.89 15.81 227.87 1.51 132
Type (Pseudo) X Response (yes) 76.22 16.03 237.32 4.76 <.00 [ ¢
Random effects Variance (SD)

Intercept Slope
Participant 3,789 (61.56) -
Item 1,596 (39.95) -
Residual 32,903 (181.39) -

Selected Model: buildmer(RT~(1|Subject) + (I|ltem) + Type + SyllableLength + Condition + Response + Type:
Condition, data=BISRHRT, ddf=*“Satterthwaite,” REML =FALSE, control =ImerControl(optimizer =‘“bobyqa”), calc.
anova=TRUE, calc.summary =TRUE).

+ p <0.1; * p < .05; ¥* p <0.001.

Table 14. Pairwise comparisons with Bonferroni corrections for multiple comparisons on the RT data.

Pairwise comparison Fixed level Value df x2 p-value
No—yes English -0.44 I 0.002 1.00
No-yes Hebrew -24.34 | 4.78 .09+
No-yes Pseudo -76.66 | 44.90 <.00 | #F*
English—Hebrew No -13.99 | 1.63 1.00
English—Pseudo No -20.99 | 3.70 33
Hebrew—Pseudo No -7.00 | 0.41 1.00
English-Hebrew Yes -37.88 | 11.04 .005%*
English—Pseudo Yes -97.20 | 68.57 <.00 [
Hebrew—Pseudo Yes -59.32 | 26.33 <.00 | ##*

* p <0.1; ¥* p <0.001.

Table 15. Summary table for the selected model predicting error rate comparing experimental and
control among English-Hebrew bilinguals.

Error Rates

Fixed Effects Estimate SE z-value p-value
(Intercept) -9.15 0.77 -11.95 <.00 |
Response (Yes) 3.70 0.72 5.14 <.00 |#¥*

(Continued)
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Table 15. (Continued)
z-frequency -1.06 0.63 -1.68 092+
Type (Hebrew) 1.59 0.63 2.53 Ol
Type (Pseudo) 1.44 0.84 1.72 086+
Random effects Variance (SD)

Intercept Slope
Participant 1.13 (1.07) 7.58 (2.75)
Item 8.61 (2.93)

Selected Model: buildmer (Error~(| + Response|Subject) + (1|ItemID) + Response + zFreq + Type, data=BISRH2,
family = binomial, df =“Wald,” REML =FALSE, control =glmerControl(optimizer =‘“bobyqa”), calc.anova=TRUE, calc.

summary = TRUE).
+ p <0.1; * p < .05; ¥ p <0.001.

Table 16. Pairwise comparisons with Bonferroni corrections for multiple comparisons on the error rate

data.

Pairwise comparison Value df x2 p-value
English—Hebrew 0.17 I 6.43 .034%
English—Pseudo 0.19 I 2.96 .26
Hebrew—Pseudo 0.54 I 0.05 1.00

*A significant difference between the language background groups at the p <.05 level.



