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Abstract

To isolate cross-lingual phonological effects during visual-word recognition, Arabic—Hebrew
bilinguals who are native speakers of Spoken Arabic (SA) and proficient readers of both Literary
Arabic (LA) and Hebrew, were asked to perform a visual lexical-decision task (LDT) in either
LA (Experiment |) or Hebrew (Experiments 2 and 3). The critical stimuli were non-words in
the target language that either sounded like real words in the non-target language (pseudo-
homophones) or did not sound like real words. In Experiment |, phonological effects were
obtained from SA to LA (two forms of the same language), but not from Hebrew to LA (two
different languages that do not share the same script). However, cross-lingual phonological
effects were obtained when participants performed the LDT in their second language, Hebrew
(Experiments 2 and 3). Interestingly, while the within-language effect (from SA to LA) was
inhibitory, the between-language effect (from SA to Hebrew) was facilitatory. These findings are
explained within the Bilingual Interactive Activation plus (BIA+) model which postulates a fully
interconnected identification system that provides output to a task/decision system.
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I Introduction

Substantial research on bilingual visual-word recognition demonstrates that when bilin-
guals identify words in one language, lexical representations of both languages (the tar-
get language and the non-target language) are activated (e.g. Brysbaert et al., 1999;
Dijkstra et al., 1999). Such findings are commonly explained within the Bilingual
Interactive Activation Plus (BIA+) model (Dijkstra and van Heuven, 2002), which pos-
tulates a fully interconnected identification system in which orthographic (spelling),
phonological (sound) and semantic (meaning) representations are accessed in a language
nonselective way. Yet, although this model allows for cross-lingual interactions at differ-
ent processing levels (sub-lexical and lexical) and among different codes (orthographic,
phonological and semantic), most research on this issue focused on cross-lingual interac-
tions at the orthographic level with same-script bilinguals (e.g. Caramazza and Brones,
1979; De Groot et al., 2000). The present study therefore aimed to investigate whether
cross-lingual interactions during visual-word recognition can occur via phonological
rather than orthographic representations.

To distinguish between orthographic and phonological effects, several studies have
manipulated the degree of phonological overlap between words in two different lan-
guages that share the same script (e.g. Brysbaert et al., 1999; Dijkstra et al., 1999; Duyck,
2005; Lemhofer and Dijkstra, 2004; van Wijnendacle and Brysbaert, 2002). The results
show that the degree of phonological overlap modulated the cross-lingual effect.
However, although degree of orthographic relatedness was carefully controlled (e.g.
Duyck, 2005), because the shared phonological representations were also orthographi-
cally similar to some degree, the cross-lingual phonological effects reported in these
studies were never completely independent of orthography.

To completely rule out orthographic effects, the present study focused on different-
script bilinguals. Specifically, the participants were Arabic speakers living in Israel,
whose social-linguistic setting requires them to become proficient in Spoken Arabic
(SA), Literary Arabic (LA), and Hebrew. SA is a colloquial dialect, used for daily infor-
mal communication, and is the native language of all Arabic speakers (L1). LA is encoun-
tered later in life, and is used for formal communication, reading and writing (diglossia;
e.g. Abu-Rabia et al., 2003; Saiegh-Haddad, 2005).! In the current population, Hebrew is
encountered even later in life, and is learned formally in school (L2). Importantly, inter-
actions between SA, LA and Hebrew can only occur via shared phonological or semantic
codes, because LA and Hebrew do not share the same script, and SA does not involve
orthographic representations because it is only a spoken dialect.

Previous studies that examined different-script bilinguals typically compared the pro-
cessing of cognates (translation equivalents that are also phonologically similar) and
non-cognates (translation equivalents that are not phonologically similar) using the
masked translation-priming paradigm (Gollan et al., 1997; Kim and Davis, 2003;
Nakayama et al., 2013; and for a different paradigm, see Miwa et al., 2014). These stud-
ies indicate that cross-lingual phonological interactions can occur even in the absence of
orthographic overlap. In particular, their results show that (1) L2 words are recognized
faster when preceded by their L1 translations than by unrelated words; (2) These auto-
matic cross-lingual semantic effects are stronger in the case of cognates than in the case



Peleg et al. 3

of non-cognates. Nevertheless, because cognates are not only phonologically similar, but
also semantically similar, these phonological effects may be semantically mediated. That
is, phonology may be activated after semantic representations have been accessed, and
or phonology may be strengthened by semantic feedback. Thus, the main aim of the
present study was to investigate whether cross-lingual interactions during bilingual vis-
ual-word recognition, can occur in the absence of both orthographic and semantic over-
lap, only via shared phonological representations.

To dissociate phonological effects from semantic effects, some previous studies uti-
lized non-translation stimuli with different script bilinguals, such that any cross-lingual
effects can only be phonologically mediated (Dimitropoulou et al., 2011; Kim and Davis,
2003; Nakayama et al., 2012; Voga and Grainger, 2007; Zhou et al., 2010). In these stud-
ies, bilinguals performed a lexical-decision task on L2 targets that were briefly preceded
by phonologically related or unrelated L1 primes. Results revealed cross-script masked
phonological priming, indicating non-selective phonological activation during bilingual
visual-word recognition. Nevertheless, because these studies involved cross-script prim-
ing, orthographic lexical representations of the non-target language were directly acti-
vated via the briefly presented prime. This raises the question of whether cross-lingual
phonological effects can be obtained even without pre-activation of the non-target repre-
sentation. Thus, to dissociate phonological effects from semantic effects in a paradigm
that does not involve the pre-activation of orthographic representations in the non-target
language, the present study focused on non-lexical orthographic representations. In par-
ticular, we asked whether non-lexical orthographic representations in one language can
activate phonological representations in a different language, even when the two lan-
guages do not share the same script.

To accomplish this aim, SA-LA-Hebrew speakers were asked to perform a lexical-
decision task in either LA (Experiment 1) or Hebrew (Experiments 2 and 3). Thus, a sin-
gle-language lexical-decision task was employed. In the LA experiment, all stimuli were
presented in Arabic script and participants were asked to decide whether the target is a
real word in LA or not. In the Hebrew experiments, all stimuli were presented in Hebrew
script, and participants were asked to perform a lexical-decision task in Hebrew. In both
experiments, words corresponded to unique forms in each language (e.g. the concept
BALCONY is associated with /furfa/ <4i,4> in LA, /beerenda/ in SA, and /mirpeset/
nooan in Hebrew), such that we did not include any cognates across target and non-target
languages. To isolate phonological effects two non-word conditions were compared: A
pseudo-homophone condition in which non-cognates were written phonetically with a
different script (see Bentin and Ibrahim, 1996; Tzelgov et al., 1996), and a non-pseudo-
homophone condition. For example, in the pseudo-homophone condition, the SA word
/baeraenda/ which exists only in its phonological form was written phonetically in LA
letters (Experiment 1, 33 .) or in Hebrew letters (Experiments 2 and 3, 77172). In the
non-pseudo-homophone condition, a letter string which did not correspond to any lexi-
cal representation in the multi-lingual lexicon, was presented in LA or in Hebrew letters
across experiments. Differences between these two conditions indicate pure phonologi-
cal effects. This is because orthographic effects are not possible as LA and Hebrew do
not share the same script and SA does not have orthographic representations. In addition,
semantic effects are not possible because we did not include cognates and importantly
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the critical stimuli were non-words that could only be processed via the sub-lexical pho-
nological pathway (from orthography to phonology to semantics).

Moreover, because it is assumed that SA is more similar to LA than to Hebrew (e.g.
Saiegh-Haddad and Spolsky, 2014), and Arabic speakers leaving in Israel are typically
more proficient in Arabic (both SA and LA) than in Hebrew, the current study also exam-
ined the contribution of language proficiency (e.g. Basnight-Brown and Altarriba, 2007;
Gollan et al., 1997), and degree of similarity between the two forms/languages (e.g. De
Groot et al., 1994; Norman et al., 2016a, 2016b; van Heuven et al., 2011) to cross-lingual
phonological effects.

Il Experiment |

In a previous study, Bentin and Ibrahim (1996) utilized the diglossic situation in Arabic
to examine pure phonological effects in visual-word recognition. In their study (Bentin
and Ibrahim, 1996; Experiment 2), participants who were native Arabic speakers living
in Israel were asked to perform a lexical-decision task in LA. The stimuli were (1) LA
real words that do not exist in SA (2) LA non-words that were phonetic transliterations
of words that exist only in SA (SA pseudo-homophones), and (3) LA non-words that did
not sound like real words in SA or LA (non-pseudo-homophones). Similar to the mono-
lingual pseudo-homophone effect (e.g. English non-words (BRANE) that sound like real
words (brain); (e.g. Rubenstein et al., 1971; van Orden, 1987; Ziegler et al., 2001),
Bentin and Ibrahim observed that SA pseudo-homophones were more difficult to reject
(slower reaction times) than non-pseudo-homophones. Thus, orthographic representa-
tions in LA automatically activated phonological representations that exist only in SA,
even when the task was restricted to LA. These results suggest that phonological influ-
ences in visual-word recognition can be obtained even without orthographic or semantic
overlap.

Nevertheless, given that LA and SA are considered two forms of the same language,
a question arises as to whether such ‘pure’ phonological effects can also be found between
two different languages (e.g. LA and Hebrew). Although a cross-lingual pseudo-homo-
phone interference effect has already been demonstrated by Nas (1983), this cross-lin-
gual phonological effect was obtained with Dutch- English bilinguals whose two
languages share the same script. Thus, the aim of our first experiment was to both repli-
cate and expand these results by focusing on languages that do not share the same script.
In particular, we aimed to extend Bentin and Ibrahim’s study by including not only pho-
netic transliteration of SA words that do not exist in LA, but also phonetic transliteration
of Hebrew words that do not exist in LA. As mentioned above, the sociolinguistic setting
of Arabic speakers in Israel leads native speakers of SA to become proficient LA—Hebrew
readers. If bidirectional orthographic-phonological interactivity manifests itself not only
within a single language (e.g. Rubenstein et al., 1971), between two different variants of
the same language (Bentin and Ibrahim, 1996), or between two languages that share the
same script (Nas, 1983), but also between two orthographically distinct languages, then
LA non-words that sound like Hebrew should be processed differently than LA non-
words that do not sound like real words. In addition, if these phonological effects are
modulated by language proficiency (e.g. Basnight-Brown and Altarriba, 2007), and
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degree of similarity between the languages (e.g. De Groot et al., 1994; Norman et al.,
2016a, 2016b), then stronger effects are expected for SA pseudo-homophones than for
Hebrew-pseudo-homophones. This is because SA is the participants’ L1 and it is also
more similar to LA than Hebrew (e.g. Russak and Fragman, 2014). Thus, we expect dif-
ferences between the three types of non-words (SA pseudo-homophones; Hebrew
pseudo-homophones; non-pseudo-homophones).

| Method

a Participants. Participants were 20 SA-LA—Hebrew speakers (10 males) who were
native Arabic speakers living in Israel. They have learned Hebrew in school, and were
relatively proficient in Hebrew. In this and the following experiments, at the time of test-
ing, all participants were university students in which all academic work is conducted in
Hebrew. Further, all participants were moderately proficient in English, as is typical of
the population in Israel. One participant was excluded because he has been exposed to
another language from childhood. Details regarding the final set of 19 participants are
presented in Table 1.

b Stimuli. Stimuli consisted of 160 LA letter strings written in the partially voweled
script system? which convey full phonological information. Of these, 80 were real words
in LA and 80 were non-words in LA. Importantly, a quarter of the non-words sounded
like real SA words (‘SA pseudo-homophones’, n = 20), a quarter sounded like real
Hebrew words (‘Hebrew pseudo-homophones’, » = 20) and half did not sound like any
other word (‘non-pseudo-homophones’, n = 40). Stimuli were selected following a
series of norming studies, as detailed below (for a complete list of experimental stimuli,
see Appendix 1).

First, an initial list of LA letter strings (half real words and half non-words, which
either sound or do not sound like real words in SA or Hebrew) was created by an SA—
LA-Hebrew proficient speaker (author NT), such that it did not include any cognates
across target and non-target languages. Moreover, non-words were all pronounceable,
and SA/Hebrew pseudo-homophones were all words that could be expressed in LA let-
ters. To verify this initial selection, 10 native Arabic speakers from a similar background
who did not participate in the experimental task received this list and were asked to make
three decisions regarding each item:

1. make an LA lexical decision (i.e. is this a real word in LA?);

2. rate the items marked as real words for familiarity on a scale of 1 to 7, with 1
indicating an ‘extremely rare word’ and 7 indicating a ‘very familiar word’.
Familiarity was defined to participants as ‘the degree to which you come in con-
tact with or think about the word in your daily life’;

3. make a general phonological lexical-decision task on the items marked as real
words (i.e. identifying cognates: does this letter string sound like a familiar word
in any language other than LA?), and on the items marked as non-words (i.e.
identifying pseudo-homophones: does this letter string sound like a familiar word
in any language you are familiar with?).
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Based on these procedures, real LA words were selected if they received an average
familiarity of above 5, and if all participants agreed that they did not sound like a word
in SA, Hebrew, or any other language they know. Non-pseudo-homophones were
selected if all participants agreed that they did not sound like a real word in any language
they know. Conversely, Hebrew pseudo-homophones and SA pseudo-homophones were
selected if all participants agreed that they sound like a real word in Hebrew or in SA,
respectively. Regarding Hebrew pseudo-homophones and SA pseudo-homophones (all
non-words in LA), the same participants were asked to (1) rate how familiar is the SA or
Hebrew word on a scale of 1-7, with 1 indicating ‘an extremely rare word’ and 7 indicat-
ing ‘a very familiar word’; and (2) provide the meaning of the SA/Hebrew word in LA.
Items that received a familiarity score of above 5 and the same meaning was given by all
participants were selected as the final Hebrew or SA pseudo-homophones.

Following these series of norms, the final set of items was selected with 80 real LA
words which are non-cognates with SA or Hebrew, and are relatively familiar; 40 non-
pseudo-homophones which do not sound like a real word in Hebrew, in SA or in LA; 20
SA pseudo-homophones which do not sound like a real word in Hebrew or in LA, but do
sound like a familiar word in SA; and 20 Hebrew pseudo-homophones which do not
sound like a real word in SA or in LA, but do sound like a familiar word in Hebrew. All
items were 2 to 7 letters long, and were matched on length across conditions, as well as
on subjective familiarity (see Table 2). In addition, mean bigram and trigram ortho-
graphic frequencies, as well as orthographic neighborhood size were calculated based on
a corpus of 10 million words (a collection of articles from the LA newspaper Al-Watan).
Finally, morphological regularity scores (0, 1 or 2) were computed by examining whether
each non-word stimuli includes a real root and a real word pattern in LA: 0 = a letter
string with no familiar root and no familiar word pattern; 1 = a letter string with either a
familiar root or a familiar word pattern; 2 = a letter string with both a familiar root and
a familiar word pattern. Details regarding the different non-word types are presented in
Table 2. When comparisons across non-word types revealed significant differences,
these were taken into account in the analysis of the results.

¢ Procedure. Each participant completed the task individually in a quiet room, in a ses-
sion that lasted approximately 40 minutes. The entire experiment was conducted in Ara-
bic. Each trial in the lexical-decision task began with a fixation cross for 500 ms followed
by the target letter string for LA lexical decision. The target remained on the screen until
the participant made a yes/no decision by pressing the corresponding key on the response
box. Participants were instructed to respond as quickly and accurately as possible
whether the target stimulus was a real word in LA or not, and response times and accu-
racy were recorded by the computer program (E-Prime software; Psychology Software
Tools, Pittsburgh, PA). Each participant saw all 160 letter strings (80 real words, 40 non-
pseudo-homophones, 20 SA pseudo-homophones, and 20 Hebrew pseudo-homophones)
in a randomized order, presented in 8 blocks interleaved with short breaks. Ten practice
trials preceded the experimental trials. To ensure that the intended phonological repre-
sentations was indeed extracted from the sub-lexical orthographic representation, a
post-test was included in which participants were asked to name the stimuli out-loud
and their responses were recorded. Finally, participants completed an Arabic version of
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a language-history questionnaire in which they rated their proficiency and use in each
language (adapted from LEAP-Q; Marian et al., 2007).

2 Results

Reaction time (RT) data and accuracy data were analysed using a linear mixed effects
(LME) model (Baayen et al., 2008) as implemented in the Ime4 library in R (version
3.3.3, R Core Team, 2017). This computation allows the testing of hypotheses while tak-
ing into account the variance due to participants and to items simultaneously. Our major
hypothesis relates to the difference in response times between LA non-words that sound
like SA / Hebrew words, and LA non-words that do not sound like familiar words. Thus,
the main model was constructed with the effect of Nonword Type (SA pseudo-homo-
phone, Hebrew pseudo-homophone, or Non-pseudo-homophone) as a fixed factor, and
the effects of Participants and Items as random factors. In addition, the effects of Bigram
Frequency, Trigram Frequency, Orthographic Neighborhood Size, and Morphological
Regularity, were taken into account as fixed effects.

a Reaction time data. Reaction time data were calculated on correct responses only.
Reaction times that were less than 300 ms or more than 5,000 ms were excluded as cut-
offs, and those that were more than 2.5 standard deviations from the mean for each par-
ticipant on correct responses were trimmed as outliers (less than 4% of the data).

First, as is typical of lexical-decision tasks, a preliminary model with the effect of
Lexicality (word vs. non-word) as a fixed factor and the effects of Participants and Items
as random factors, revealed a main effect for lexicality F(1, 143.4) = 98.7, p < .001,
indicating that words were responded to more quickly (M = 992.8; SE = 85.1) than non-
words (M = 1225.4; SE = 85.2). To examine cross-lingual interaction, additional analy-
ses were conducted only on the data from the non-word condition. First, a baseline model
was constructed with the effects of Bigram Frequency, Trigram Frequency, Orthographic
Neighborhood Size, and Morphological Regularity as fixed effects, and the effects of
Participants and Items as random factors. Within this model, no main effects were found
(all Fs < 1), indicating that none of these control variables correlated with RT. Thus,
these variables were not included in the main model which was constructed with the
effect of Nonword Type (SA pseudo-homophone, Hebrew pseudo-homophone, or non-
pseudo-homophone) as a fixed factor and the effects of Participants and Items as random
factors.

Within this model, the effect of Non-word Type was significant, (2, 75.9) = 12.01, p
< .001. Testing the simple effects with Bonferroni corrections revealed that SA pseudo-
homophones were significantly slower (M = 1389.4; SE = 107.8) than non-pseudo-hom-
ophones (M = 1203.3; SE = 103.7), X*> (1) = 169, p < .001; and Hebrew
pseudo-homophones (M = 1150.9; SE = 106.5), X> (1) = 21.65, p < .001; but that the
latter two non-word types did not differ from each other, X? (1) = 1.55, NS (see Figure 1).

b Accuracy data. The same analyses were done on accuracy data, using the binomial
distribution. First, as is typical of lexical-decision tasks, words were responded to signifi-
cantly more accurately (M = .99) than non-words (M = .96), p < .001. Second, within



10 Second Language Research 00(0)

2,000 * *

)

=
[
=]
=]

1,600
1,400
1,200 ]:
1,000
800
600

400
200

RT on Correct Responses (ms

non pseudo- SA pseudo- Hebrew pseudo-
homophones homophones homophones

Non-word Type

Figure |. Reaction time (RT) on correct responses to non-words as a function of non-word
type in a Literary Arabic (LA) lexical-decision task (Experiment I).
Notes. Error bars represent the 95% confidence intervals. * Significant at p < 0.05. SA = Spoken Arabic.

the baseline model, the effect of Morphological Regularity was marginally significant
(B=-39,SE=.22,Z=-1.8,p = 0.07) and was therefore retained, creating a baseline
model with just this variable. This baseline model was then compared with a model that
included not only the effect of Morphological Regularity, but also the effect of Non-word
Type. Importantly, a comparison between these two models revealed that the model that
included the effect of non-word type resulted in a better fit for the data (X2 (2) = 60.84,
p < 0.001), and was therefore selected for further analysis. Testing the simple effects of
the significant Non-word Type with Bonferroni corrections revealed that SA pseudo-
homophones were significantly less accurate (M = 0.76) than non-pseudo-homophones
(M = 0.97), X2 (1) = 60.5, p < .001; and Hebrew pseudo-homophones (M = 0.98),
X2 (1) = 50.8, p < .001; but that the latter two non-word types did not differ from each
other, X2 (1) = 0.78, NS (see Figure 2).

3 Discussion

The findings of Experiment 1 are consistent with the findings reported by Bentin and
Ibrahim (1996), demonstrating pure phonological influences in visual-word recognition.
Specifically, LA non-words that sounded like real words in SA were more difficult to
reject in comparison to LA non-words that did not sound like real words, suggesting that
competition from SA may hinder LA processing (see also Saiegh-Haddad et al., 2011).
In particular, these results can provide an explanation for the finding that native Arabic
speakers have more difficulty processing structures that are not identical in SA and LA
(e.g. Saiegh-Haddad and Schiff, 2016).
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Figure 2. Accuracy on non-words as a function of non-word type in a Literary Arabic (LA)
lexical-decision task (Experiment I).
Notes. Error bars represent the 95% confidence intervals. * Significant at p < 0.05. SA = Spoken Arabic.

Interestingly, cross-lingual phonological effects (from Hebrew to LA) were not
obtained, as LA non-words that sounded like real words in Hebrew (L2) were processed
similarly to LA non-words that did not sound like real words. A possible interpretation
for these patterns may be related to the degree of similarity between LA and SA or
Hebrew. As mentioned above, LA and SA are considered two forms of the same language
and are therefore more similar than LA and Hebrew (for a detailed description of the
relation between SA and LA, and between Hebrew and SA and LA, see Ibrahim, 2006;
Saiegh-Haddad and Henkin-Roitfarb, 2014; Saiegh-Haddad and Spolsky, 2014).
Moreover, while SA does not have orthographic representations, LA and Hebrew have
distinct orthographies, which may result a much larger distance between them. Thus, it
could be the case that cross-lingual phonological effects require a high degree of similar-
ity, which does not exist for LA and Hebrew. In other words, it is possible that in the case
of different-script bilinguals, sub-lexical phonological activation during visual word rec-
ognition is language specific.

Alternatively, the above findings of influences from SA (L1) to LA, but not from
Hebrew (L2) to LA may reflect the psychological status of the different languages for
these speakers. Indeed, previous research with masked translation-priming suggests
stronger cross-lingual effects from the dominant L1 than from the less-dominant lan-
guage (e.g. Gollan et al., 1997, for review, see Basnight-Brown and Altarriba, 2007), and
specifically stronger effects from SA to LA (Ibrahim and Aharon-Peretz, 2005). To
examine these interpretations further we conducted Experiment 2, in which we examined
Arabic—Hebrew phonological interactions from the opposite direction. Namely,
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SA-LA-Hebrew speakers were asked to perform a visual lexical-decision task in Hebrew
(L2), in which non-words either sounded like real words in SA (L1) or did not sound like
a real word in any language known to participants. In this scenario, the psychological
status of the pseudo-homophones is strong, because SA is the dominant language,
whereas the distance between the two languages (SA and Hebrew) remains large. Thus,
if pure cross-lingual phonological effects can occur between orthographically distinct
languages then SA effects are expected during visual lexical decisions in Hebrew.

111 Experiment 2
| Method

a Participants. Participants were 27 SA-LA—Hebrew speakers (8 males) and 26 native
Hebrew control participants with no knowledge in Arabic (8 males).? Six participants (3
SA—Hebrew bilinguals and 3 Hebrew speakers) were excluded because they have been
exposed to another language from childhood. Details regarding the final set of 47 partici-
pants are presented in Table 1.

b Stimuli. Stimuli consisted of 200 Hebrew letter strings written in the voweled script
system, which convey full phonological information. Of these, 100 were real Hebrew
words and 100 were non-words in Hebrew. Importantly, half of the non-words sounded
like real SA words (‘SA pseudo-homophones’), and half did not (‘non-pseudo-homo-
phones’). Stimuli were selected following a series of norming studies, as detailed below
(for a complete list of experimental stimuli, see Appendix 1).

First, an initial list of Hebrew letter strings (half real words and half non-words, which
either sound or do not sound like real words in SA) was created by an SA—-LA—Hebrew
proficient speaker (author MR), such that it did not include any cognates across target
and non-target languages. Moreover, non-words were all pronounceable, and SA pseudo-
homophones could be expressed by Hebrew letters. To verify this initial selection, in the
first phase, 10 native Hebrew speakers who did not participate in the experimental task
and do not know Arabic received this list of Hebrew letter strings and were asked to
make four decisions regarding each item:

make a Hebrew lexical decision;

rate the items marked as real words for familiarity on a scale of 1 to 7;

make a general phonological lexical-decision task on the items marked as words;
make a general phonological lexical-decision task on the items marked as
non-words.

BN =

Based on these procedures, real words were selected if they received an average
familiarity of above 5, and did not sound like a word in any other language these partici-
pants may have knowledge of (e.g. English). Non-words were selected if they did not
sound like a real word in Hebrew or in any other language known to participants.

In the second phase, 10 SA-LA—Hebrew speakers who did not participate in the main
experiment were asked to similarly make a Hebrew lexical-decision on these items and
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judge the familiarity of the real words on a 1-7 scale. Further, they were asked to judge
whether the real Hebrew words sound like a familiar word in any other language they
know. Following these procedures, real Hebrew words were selected if they received a
familiarity score of above 5 and did not sound like a word in any other language (i.e. are
not cognates). Regarding the items that were marked as non-words, participants were
asked to make a general phonological lexical-decision task. Based on these procedures
non-pseudo-homophones were selected if all participants agreed that they did not sound
like a real word in any language they know. SA pseudo-homophones were selected if all
participants agreed that they sound like a real word in SA. Regarding SA pseudo-homo-
phones, the same 10 participants rated how familiar is the SA word on a scale of 1-7, and
provided the meaning of the SA word in Hebrew. Items that received a familiarity score
of above 5 and the same Hebrew meaning across participants were selected as SA
pseudo-homophones.

Following these norming procedures, the final set of items was selected with 100 real
Hebrew words which are non-cognates with any other language known to participants,
and are relatively familiar; 50 non-pseudo-homophones which do not sound like a real
word in any other language known to participants; and 50 SA pseudo-homophones
which do not sound like a real word in Hebrew, but do sound like a familiar word in SA.
All items were 3 to 6 letters long, and were matched on length across conditions (see
Table 2) In addition, mean bigram and trigram orthographic frequencies, as well as
orthographic neighborhood size were calculated based on a corpus of 12 million words
(a collection of articles from the Hebrew newspaper Haaretz).? Further, morphological
regularity was computed as in Experiment 1. Details regarding the different non-word
types are presented in Table 2, and any observed differences were taken into account in
the analysis of the results.

¢ Procedure. The procedure was identical to that of Experiment 1, with three excep-
tions. (1) The entire experiment, including instructions and language-history question-
naire (LHQ) was conducted in Hebrew. (2) Participants were instructed to respond
whether the target stimulus was a real word in Hebrew or not. (3) There were 200 letter
strings (100 real words, 50 non-pseudo-homophones and 50 SA pseudo-homophones).

2 Results

RTs and accuracy data from Experiment 2 were similarly analysed using a linear mixed
effects (LME) model (Baayen et al., 2008) as implemented in the Ime4 library in R (ver-
sion 3.3.3, R Core Team, 2017). Our major hypothesis relates to the difference (in terms
of RTs and accuracy rates) between Hebrew non-words that sound like SA words, and
Hebrew non-words that do not sound like familiar words in the SA-L A—Hebrew group.
Thus, the main model was constructed with the effect of Non-word Type (SA pseudo-
homophone or non-pseudo-homophone) and Language Group (SA—LA—Hebrew vs.
native Hebrew) as fixed factors, and the effects of Participants and Items as random
factors. In addition, the effects of Bigram Frequency, Trigram Frequency, Orthographic
Neighborhood Size, and Morphological Regularity, were taken into account as fixed
effects.
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a Reaction time data. As in Experiment 1, reaction time data were calculated on correct
responses only, and identical trimming procedures were applied (resulting in exclusion
of less than 4% of the data). The analysis of RT revealed that a preliminary model with
the fixed factors Lexical Status (word vs. non-word) and Language Group (SA-LA—
Hebrew vs. native Hebrew) in a two-way interaction, and the random factors of Partici-
pants and Items, resulted in the best fit for the data, X2 (1) = 191. 7, p < .001, relative to
the model that included only the main effects. Within this model, as is typical of lexical-
decision tasks, a main effect for lexical status was found, F' (1, 191.8) = 132.5, p < .001,
indicating that words were responded to more quickly (M = 871.4; SE = 49.4) than
non-words (M = 1043.3; SE = 49.5). In addition, the main effect for Language Group
was significant, F (1, 45) = 26.49, p < .001, indicating that native Hebrew speakers
responded more quickly (M = 708; SE = 69.5) than SA-LA-Hebrew speakers
(M = 1206.7; SE = 68.1). Finally, the interaction between Lexical Status and Language
Group was significant, F (1, 8524.3) = 193.8, p < .001. To follow up on this two-way
interaction, we analysed the effect of Lexical Status in each Language Group, using the
Bonferroni adjustment. This analysis showed that the Lexical Status effect was more
pronounced for SA—-LA—Hebrew speakers (M = 1069.6 for words vs. M = 1343.8 for
non-words) than for native Hebrew speakers (M = 673.2 for words vs. M = 742.9 for
non-words), but was significant in both groups, for SA-LA—Hebrew speakers, X? (1) =
270.6, p < .001 and for native Hebrew speakers, X2 (1) = 17.6, p < .001.

To examine cross-lingual interaction, additional analyses were conducted only on the
data from the non-word condition. First, a baseline model was constructed with the
effects of Bigram Frequency, Trigram Frequency, Orthographic Neighborhood Size, and
Morphological Regularity as fixed effects, and the effects of Participants and Items as
random factors. Within this model, the main effect of Orthographic Neighborhood Size
was marginally significant F' (1, 92.6) = 3.6, p = .06, and was therefore taken into
account in the main model which was constructed to examine the effects of Non-word
Type and Language Group. Specifically, three models were compared: The first model
included the fixed main effects of Orthographic Neighborhood Size, Non-word Type and
Language Group and the random effects of Participants and Items. The second model
included in addition the two-way interaction between Non-word Type and Language
Group, and the third model included in addition the three-way interaction between
Orthographic Neighborhood Size, Non-word Type and Language Group.

Comparisons across these three models revealed that the second model — including
the fixed main effects of Orthographic Neighborhood Size, Non-word Type and
Language Group, the interaction between Non-word Type and Language Group, and the
random effects of Participants and Items — results in the best fit for the data X2 (1) =
45.9, p < .001. Within this model, there was a significant main effect of Orthographic
Neighborhood Size, B = 26.93, SE = 9.78, F (1, 93.5) = 7.6, p = .01; a significant main
effect of Non-word Type, F (1, 44.9) = 27, p < .001; and a significant main effect of
Language group, F'(1,92) = 15.6, p < .001. Importantly, the two-way interaction between
Non-word Type and Language Group was significant, /' (1,4173.6) = 46.1, p < .001.

In order to follow up on this two-way interaction, we analysed the effect of Non-word
Type in each Language Group, using the Bonferroni adjustments. This analysis revealed that
whereas SA-LA—Hebrew speakers responded more quickly to SA pseudo-homophones
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Figure 3. Reaction time (RT) on correct responses to non-words as a function of language
group and non-word type in a Hebrew lexical-decision task (Experiment 2).

Notes. Error bars represent the 95% confidence intervals. * Significant at p < 0.05. SA = Spoken Arabic;
LA = Literary Arabic.

(M = 1273.1; SE = 82.6) than to non-pseudo-homophones (M = 1421.9; SE = 82.7),
X2 (1) = 44. 8, p < .001, there was no significant difference between the two non-word
types for native Hebrew speakers (M = 739.7; SE 84.3 vs. M = 744.8; SE = 84.3 for
SA pseudo-homophones and non-pseudo-homophones, respectively), X2 (1) = 0.05, NS
(see Figure 3).

b Accuracy data. The same analyses were conducted on the accuracy data, using the
binomial distribution. First, a preliminary model with the fixed factors Lexical Status
(word vs. non-word) and Language Group (SA—LA—Hebrew vs. native Hebrew) in a
two-way interaction, and the random factors of Participants and Items, did not result a
better fit for the data, X2 (1) = 1. 4, NS, relative to the model that included only the main
effects. Within the selected additive model, the effect of Language Group was signifi-
cant, indicating that native Hebrew speakers responded more accurately (M = .99) than
SA-LA-Hebrew speakers (M = .98), p < 0.001. However, the effect of Lexical Status
was not significant (p = .12), possibly due to a ceiling effect.

To examine cross-lingual interaction, additional analyses were conducted only on the
data from the non-word condition. A baseline model revealed that the effects of all of the
control variables were significant (all ps < 0.05). This baseline model was then com-
pared with a model that also includes the effects of Non-word Type and Language Group
as fixed effects, which resulted in a better fit for the data (X2 (2) = 60.84, p < 0.001).
Notably, introducing the two- way interaction between Non-word Type and Language
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Figure 4. Accuracy on non-words as a function of non-word type in a Hebrew lexical-decision
task (Experiment 2).
Notes. Error bars represent the 95% confidence intervals. SA = Spoken Arabic; LA = Literary Arabic.

Group into the model with all control variables resulted in a convergence failure. Further,
excluding the control variables, the interactive model did not improve the fit over the
model including only the main effects of Non-word Type and Language Group (X2 (1) =
0.28, p = 0.60). Thus, the model that included the main effects of Non-word Type and
Language Group, in addition to the control variables, was selected for further analysis.

Within this model, the effects of Trigram frequency (g = —.52, SE = 21, Z = 2.5,
p = 0.01), Orthographic Neighborhood Size ( = —.58, SE = .14,Z = -4.2, p < 0.001)
and Morphological Regularity (B = —.35, SE = .14, Z = 2.4, p = 0.02) were signifi-
cant. In addition, the effect of Language Group was significant (3 = 1.53, SE = .35,
Z =4.37,p <0.001), indicating that native Hebrew speakers responded more accurately
(M = .99) than SA—-LA—Hebrew speakers (M = .98). However, the effect of Non-word
Type did not reach significance (ps > 0.12) (see Figure 4).

3 Discussion

Whereas Hebrew speakers with no knowledge of Arabic did not distinguish between
the two types of Hebrew non-words, SA—-LA—Hebrew speakers rejected Hebrew non-
words that sounded like SA words (SA pseudo-homophones) significantly faster than
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Hebrew non-words that did not sound like a real word (non-pseudo-homophones).
This interaction between the type of non-word and the linguistic status of the partici-
pant demonstrate pure cross-lingual phonological effects. Specifically, sub-lexical
orthographic representations in Hebrew automatically activated their corresponding
SA phonological representations, even though the two languages do not share the same
script. Furthermore, the fact that lexical decisions on visually presented Hebrew letter-
strings were affected by these SA phonological activations suggest that (1) visual-word
recognition is affected by phonological feedback (e.g. Grainger and Holcomb, 2009;
Peleg and Eviatar, 2009; Seidenberg and McClelland, 1989), and (2) this bidirectional
interactivity manifests itself also between two languages with distinct orthographies
(Dijkstra and van Heuven, 2002).

Although our results clearly demonstrate pure cross-lingual phonological effects in
visual-word recognition, even between languages that do not share the same orthogra-
phy, the direction of the effect was surprising. In particular, in this experiment, Hebrew
non-words that sounded like SA words were easier to reject. As mentioned above, previ-
ous studies, that utilized the same paradigm to investigate orthographic-phonological
connections within a particular language (e.g. Rubenstein et al., 1971), between two
forms of the same language (Bentin and Ibrahim, 1996; see also Experiment 1), or
between two different languages that share the same script (Nas, 1983), reported interfer-
ence rather than facilitation effects.

Because this is the first experiment to examine pseudo-homophone effect between
two languages that do not share orthography, it is unclear whether the facilitation effect
is incidental. Thus, to increase the confidence in this finding, (i.e. to examine whether the
cross-lingual pseudo-homophone effect is indeed facilitatory in different script bilin-
guals), we conducted an additional experiment with different participants and with dif-
ferent stimuli, Moreover, to enhance comparability across experiments, in Experiment 3
both SA and LA pseudo-homophones were included.

IV Experiment 3
| Method

a Participants. Participants were 27 SA—-LA—Hebrew speakers (3 males) and 35 native
Hebrew control participants with no knowledge in Arabic (9 males). Seventeen partici-
pants (4 SA-LA—Hebrew speakers and 13 Hebrew speakers) were excluded because
they have been exposed to another language from childhood (4 SA-LA-Hebrew speak-
ers and 5 native Hebrew speakers), or because the control participants indicated some
proficiency in Arabic (8 Hebrew speakers). Details regarding the final set of 45 partici-
pants are presented in Table 1.

b Stimuli. Stimuli consisted of 160 Hebrew letter strings written in the voweled script
system, which convey full phonological information. Of these, 80 were real Hebrew
words and 80 were non-words in Hebrew. Importantly, a quarter of the non-words
sounded like real SA words (‘SA pseudo-homophones’); a quarter sounded like real LA
words (‘LA pseudo-homophones’), and half did not sound like a real word in either SA



18 Second Language Research 00(0)

or in LA (‘non-pseudo-homophones’). The stimuli in the ‘SA pseudo-homophone’ (n =
20) and in ‘non-pseudo-homophone’ (n = 40) conditions were new stimuli not used in
Experiments 1 or 2, and were selected following the same norming procedures described
in Experiment 2 (second phase with native Arabic speakers). The 80 real words were
selected from the set used in Experiment 2, and the 20 ‘LA pseudo-homophones’ were
taken from Experiment 1, and transliterated into Hebrew letters (for a complete list of
experimental stimuli, see Appendix 1).

The final set of items included 80 real Hebrew words which are non-cognates with
any other language known to participants, and are relatively familiar; 40 non-pseudo-
homophones which do not sound like a real word in any other language known to
participants; 20 SA pseudo-homophones which do not sound like a real word in
Hebrew or in LA, but do sound like a familiar word in SA; and 20 LA pseudo-homo-
phones which do not sound like a real word in Hebrew or SA, but do sound like a
familiar word in LA. All items were 3 to 6 letters long, and were matched on length
and subjective familiarity across conditions. In addition, as in Experiment 2, mean
bigram and trigram orthographic frequencies, orthographic neighborhood size and
morphological regularity were calculated. Details regarding the different non-word
types are presented in Table 2, and observed differences were taken into account in
the analyses of the results.

¢ Procedure. The procedure was identical to that administered in Experiment 2, with
the exception that each participant now saw 160 letter strings (80 real words, 40 non-
pseudo-homophones, 20 SA pseudo-homophones, and 20 LA pseudo-homophones) in
randomized order, presented in 10 blocks interleaved with short breaks.

2 Results

RTs and accuracy data were again analysed using a linear mixed effects (LME) model
(Baayen et al., 2008) as implemented in the Ime4 library in R (version 3.3.3, R Core
Team, 2017). As in Experiment 2, our major hypothesis relates to the difference (in terms
of RTs and accuracy rates) between Hebrew non-words that sound like SA / LA words,
and Hebrew non-words that do not sound like familiar words, in the SA-LA-Hebrew
group. Thus, the main model was constructed with the effect of Non-word Type (SA
pseudo-homophone, Hebrew pseudo-homophone, or non-pseudo-homophone) and
Language Group (SA-LA—Hebrew vs. native Hebrew) as fixed factors, and the effects
of Participants and Items as random factors. In addition, the effects of Bigram Frequency,
Trigram Frequency, Orthographic Neighborhood Size, and Morphological Regularity,
were taken into account as fixed effects.

Prior to analyses, two items were excluded from the LA pseudo-homophone condition
because of extremely low accuracy for both groups (M = .40), likely because they dif-
fered from a real Hebrew word only by slight diacritic change. Nonetheless, items in the
three non-word types were still well matched on length (F < 1), bigram (/' < 1) and
trigram (F (3,154) = 2.32, MSE = .000, p = .077) frequency, as well as on orthographic
neighborhood (¥ < 1) and morphological regularity (¥ < 1). Further, LA pseudo-homo-
phones did not differ from SA pseudo-homophones on subjective familiarity (¢ < 1).
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a Reaction time data. As in Experiment 1, reaction time data were calculated on correct
responses only, and identical trimming procedures were applied (resulting in exclusion
of less than 4% of the data).

The analysis of RT revealed that a preliminary model with the fixed factors Lexical
Status (word vs. non-word) and Language Group (SA—LA—Hebrew vs. native Hebrew)
in a two-way interaction, with random factors of Participants and Items, resulted in the
best fit for the data, X> (1) = 441. 2, p < .001, relative to the model that includes only the
main effects. Within this interactive model, as is typical of lexical-decision tasks, a main
effect for lexical status was found, F (1, 155.1) = 234, p < .001, indicating that words
were responded to more quickly (M = 833.1; SE = 42.8) than non-words (M = 1107.7;
SE = 42.9). In addition, the main effect for Language Group was significant, F' (1, 42.9)
= 66.9, p < .001, indicating that native Hebrew speakers responded more quickly
(M = 633.4; SE = 59.4) than SA-LA-Hebrew speakers (M = 1307.4; SE = 58.1).
Finally, the interaction between Lexical Status and Language Group was significant,
F (1, 6341) = 456.8, p < .001. In order to follow up on this two-way interaction, we
analysed the effect of Lexical Status in each Language Group, using the Bonferroni
adjustment. This analysis showed that the Lexical Status effect was more pronounced for
SA-LA-Hebrew speakers (M = 1063.8 for words vs. M = 1551 for non-words) than for
native Hebrew speakers (M = 602.4 for words vs. M = 664.4 for non-words), but was
significant in both groups, for SA-LA—Hebrew speakers, X? (1) = 556.3, p < .001 and
for native Hebrew speakers, X2 (1) = 9.2416, p = .005.

To examine cross-lingual interactions, additional analyses were conducted only on
the data from the non-word condition. First, a baseline model was constructed with the
effects of Bigram Frequency, Trigram Frequency, Orthographic Neighborhood Size, and
Morphological Regularity as fixed effects, and the effects of Participants and Items as
random factors. Within this model, only the effect of Morphological Regularity was sig-
nificant F' (1, 72.2) = 4.2, p = .05, and was therefore taken into account in the models
constructed to examine the effects of Non-word Type and Language Group. Model com-
parisons revealed that the model including the interaction between Non-word Type and
Language Group, in addition to the main effects of Non-Word Type, Language Group
and Morphological Regularity as fixed factors, with participants and items as random
factors, resulted in a better fit than the additive model including only the main effects X2
(2) = 16.9, p < .001. Allowing Morphological Regularity to interact with Language
Group did not improve the fit X2 (1) = 0.22, p = .66.

Within the interactive model, there was a significant main effect of Morphological
Regularity, B = 27, SE = 12, F (1, 75.5) = 5.1, p = .03; a significant main effect of
Non-word Type, F (2, 73.2) = 3.8, p = .03; and a significant main effect of Language
group, F'(1,42.9) = 59.5, p < .001. Importantly, the two-way interaction between Non-
word Type and Language Group was significant, F' (2, 2994.6) = 8.5, p < .001.

In order to follow up on this two-way interaction, we analysed the effect of Non-word
Type in each Language Group, using the Bonferroni adjustments. These analyses
revealed that whereas the effect was not significant for native Hebrew speakers
(SA pseudo-homophones: M = 663.7; SE = 85. 2; Hebrew pseudo-homophones:
M = 654.8; SE = 85.7; and non-pseudo-homophones: M = 667.5; SE = 82.9; all P’s
NS), SA-LA-Hebrew speakers responded more quickly to SA pseudo-homophones
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Figure 5. Reaction time (RT) on correct responses to non-words as a function of language
group and non-word type in a Hebrew lexical-decision task (Experiment 3).

Notes. Error bars represent the 95% confidence intervals. * Significant at p < 0.05. SA = Spoken Arabic; LA
= Literary Arabic.

(M = 1445.6; SE = 83.8) than to non-pseudo-homophones (M = 1599.8; SE = 81.4),
X2 (1) = 19. 4, p < .001, or LA pseudo-homophones (M = 1576.6; SE = 84.2),
X2 (1) = 10. 2, p = .008; with no significant difference between the latter two types, X?
(1) = 0.42, NS (see Figure 5).

b Accuracy data. The same analyses were done on the accuracy data, using the binomial
distribution. First, a preliminary model with the fixed factors Lexical Status (word vs.
non-word) and Language Group (SA-LA-Hebrew vs. native Hebrew) in a two-way
interaction, and the random factors of Participants and Items, resulted in a better fit to the
data, X2 (1) = 12. 3, p < .001, relative to the model including only the main effects.
Within this model, as is typical of lexical-decision tasks, a main effect for lexical status
was found, indicating that words were responded to more accurately (M = .98) than non-
words (M = .97), p < 0.001. In addition, the main effect of Language Group was signifi-
cant, indicating that native Hebrew speakers responded more accurately (M = .99) than
SA-LA—-Hebrew speakers (M = .95), p < 0.001. Finally, the interaction between Lexical
Status and Language Group was significant, p < 0.001. In order to follow up this two-
way interaction, we analysed the effect of Lexical Status in each Language Group, using
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the Bonferroni adjustments. This analysis revealed that the effect of Lexical Status was
significant in the case of SA-LA-Hebrew speakers, X? (1) = 29.1, p < .001; but not in
the case of native Hebrew speakers, X? (1) = 0.01, NS (probably due to a ceiling effect).

To examine cross-lingual interactions, additional analyses were conducted only on
the data from the non-word condition. In analyses of the baseline model with the control
variables, only the effect of Morphological Regularity was significant, and thus this vari-
able was taken into account in the main model constructed to examine the effects of
Non-word Type and Language Group. Model comparisons revealed that the model
including the interaction between Non-word Type and Language Group, in addition to
the main effects of Non-Word Type, Language Group and Morphological Regularity as
fixed factors, with Participants and Items as random factors, resulted in a better fit than
the additive model including only the main effects X2 (2) = 40.61, p < .001. Allowing
Morphological Regularity to interact with Language Group resulted in convergence
failure.

Within this interactive model, the effect of Morphological Regularity (B = —.45,
SE = 11, Z = -4.2, p < .001) was significant. In addition, the effect of Language
Group was significant (p < .001), indicating that native Hebrew speakers responded
more accurately (M = .99) than SA-LA—Hebrew speakers (M = .93). Finally, the two-
way interaction between Non-word Type and Language Group was also significant
(p = .03). In order to follow up on this two-way interaction, we analysed the effect of
Non-word Type in each Language Group, using the Bonferroni adjustment. These anal-
yses revealed that, in both groups, the effect of Non-word Type was not significant (all
P’s NS) (see Figure 6).

3 Discussion

The results of Experiment 3 replicate the critical findings observed in Experiment 2,
where the cross-lingual pseudo-homophone effect was facilitatory rather than inhibitory.
In particular, SA-LA—Hebrew speakers responded more quickly to non-word Hebrew
letter strings that sounded like a real word in their native language (SA) in comparison to
non-words that did not sound like any real word.

Critically, both Experiments 2 and 3 demonstrate that in different-script bilinguals,
cross-lingual pseudo-homophone facilitates rather than interferes with lexical-decision
performance. We discuss possible interpretation of the difference between our findings
and previous studies showing interference effects (e.g. Bentin and Ibrahim, 1996; Nas,
1983; Rubenstein et al., 1971) in Section V.

V General discussion

The aim of the present study was to investigate cross-lingual phonological effects during
bilingual visual-word recognition in the absence of either orthographic or semantic over-
lap. To isolate cross-lingual phonological effects, we focused on SA—-LA—Hebrew speak-
ers, who are native speakers of SA and proficient readers of both LA and Hebrew. In
particular, we investigated whether non-lexical orthographic representations (non-words)
in one language (Arabic or Hebrew) activate phonological lexical representations in the
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Figure 6. Accuracy on non-words as a function of language group and non-word type in a
Hebrew lexical-decision task (Experiment 3).
Notes. Error bars represent the 95% confidence intervals. SA = Spoken Arabic; LA = Literary Arabic.

non-target language. Because non-words do not activate semantic representations, and
because there is no orthographic overlap between SA, LA, and Hebrew, cross-lingual
activation can only be mediated via phonological connections.

In three experiments, SA—-LA—Hebrew speakers were asked to perform a lexical-deci-
sion task either in LA (Experiment 1) or in Hebrew (Experiments 2 and 3). The critical
stimuli were non-words in the target language that either sounded like words in the non-
target language (cross-lingual pseudo-homophones) or did not sound like a real word
(non-pseudo-homophones). In Experiment 1, phonological effects were obtained across
the two Arabic forms (LA and SA), but not between the two languages (LA and Hebrew).
Specifically, LA non-words that sounded like SA words were more difficult to reject than
LA non-words that did not sound like familiar words, whereas there was no significant
difference between the latter condition and LA non-words that sounded like Hebrew
words. In contrast to the LA experiment (Experiment 1), in the Hebrew Experiments
(Experiments 2 and 3), cross-lingual phonological effects were obtained: In both experi-
ments, Hebrew non-words that sounded like SA words were easier to reject than Hebrew
non-words that did not sound like a real word (see Appendix 2).

In what follows, we discuss three major findings that emerge from these experiments.
(1) evidence for pure cross-lingual phonological effects in bilingual visual-word
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recognition, even in the case of two languages (Arabic and Hebrew) that do not share the
same script; (2) potential modulations of cross-lingual phonological effects at the word
identification system, by language dominance; and (3) potential modulations of the
cross-lingual phonological effects at the task decision system by the degree of similarity
between the two languages in question.

First, the major finding of the present study is that cross-lingual pseudo-homophone
effects can be obtained even between languages that do not share the same script (Arabic
and Hebrew, Experiments 2 and 3). In particular, in the two Hebrew lexical-decision
experiments, SA—LA—Hebrew speakers rejected SA pseudo-homophones more easily
than non-pseudo-homophones, whereas Hebrew speakers, with no knowledge of Arabic,
did not distinguish between the different non-word types. The fact that native Hebrew
speakers with no knowledge of Arabic showed no difference between the different non-
word types, provides strong evidence that the locus of the non-word type effect (observed
with SA—-LA—Hebrew speakers) cannot be reduced to orthographic markedness (van
Kesteren et al., 2012), and can only be mediated via cross-lingual phonological activa-
tion. Moreover, to further overcome the confounding effect of orthographic factors,
important stimuli characteristics — bigram frequency, trigram frequency, orthographic
neighborhood size, and morphological regularity — were taken into account in the analy-
ses of the results. Importantly, phonological effects (i.e. differences between non-word
types), and more specifically the two-way interaction between Non-word Type (cross-
lingual pseudo-homophones vs. non-pseudo-homophones) and Language Group
(Arabic—Hebrew vs. Hebrew speakers with no knowledge of Arabic) remained signifi-
cant even after these control variables were taken into account. Thus, consistent with
interactive models of multilingual visual-word recognition (Dijkstra and van Heuven,
2002), the cross-lingual pseudo-homophone effects indicate that orthographic represen-
tations in one of the participants’ languages (Hebrew) automatically and non-selectively
activate phonological representations in the participants’ other language (SA).
Importantly, this cross-lingual phonological effect was obtained even between two lan-
guages with distinct orthographies (Arabic and Hebrew), thus extending previous studies
with same-script bilinguals (e.g. Nas, 1983). Further, these findings are consistent with
the notion proposed by the BIA+ model (Dijkstra and van Heuven, 2002), by which the
multilingual system includes forward-only links from sub-lexical and lexical representa-
tions to the language nodes. Language membership representations likely receive activa-
tion from both lexical and sub-lexical orthographic representations in different script
bilinguals (see Degani et al., 2018), but critically do not operate on the lexical identifica-
tion system. As a result, despite clear orthographic cues to language membership, the
current study provides strong evidence for cross-lingual phonological effects.

Second, cross-lingual phonological effects are non-symmetric, as cross-lingual pseudo-
homophone effects were observed when participants (SA—LA—Hebrew speakers) were
making a lexical-decision task in their L2 (Hebrew) but not in their L1 (Arabic). Specifically,
in the LA lexical-decision task (Experiment 1), phonological effects were observed across
the two Arabic forms (i.e. with L1 SA pseudo-homophones), but not when the pseudo-
homophones corresponded to Hebrew (L2) words. In contrast, as mentioned above, in the
Hebrew (L2) lexical-decision experiments, cross-lingual phonological effects were
observed, as SA pseudo-homophones (Hebrew non-words that sound like real L1 SA
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words) were easier to reject than non-pseudo-homophones (Hebrew non-words that do not
sound like real words). This asymmetry is consistent with previous studies showing
stronger cross-lingual effects from the dominant L1 than from the less-dominant language
(e.g. Gollan et al., 1997; for review, see Basnight-Brown and Altarriba, 2007).

Third, and most interestingly, the cross-lingual pseudo-homophone effect obtained in
the present study (from Arabic to Hebrew) was facilitatory rather than inhibitory. That is,
in contrast to the ‘pseudo-homophone interference effect’ reported in studies conducted
with monolingual speakers (e.g. Rubenstein et al., 1971; van Orden, 1987; Ziegler et al.,
2001), diglossic speakers (e.g. SA and LA, see Bentin and Ibrahim, 1996, as well as
Experiment 1), and same-script bilinguals (Nas, 1983), the results of the current study,
with different script bilinguals, demonstrate a ‘pseudo-homophone facilitation effect’.

In particular, in the current study, SA pseudo-homophones were examined in both a
within-language condition (in the LA lexical-decision experiment), and a between-lan-
guage condition (in the Hebrew lexical-decision experiments). In accordance with previ-
ous findings (e.g. Bentin and Ibrahim, 1996; Nas, 1983; Rubenstein et al., 1971), a
pseudo-homophone interference effect was observed in the within-language condition
(i.e. involving the two forms of Arabic: SA and LA). Specifically, LA non-words that
sounded like real words in SA were harder to reject compared to LA non-words that did
not sound like real words. Interestingly, and in contrast to previous studies, in the between-
language condition (i.e. involving Arabic and Hebrew), the effect was facilitatory rather
than inhibitory. Specifically, Hebrew non-words that sounded like real words in Arabic
(SA) were easier to reject than Hebrew non-words that did not sound like real words.

Critically, both the inhibitory effect in Experiment 1 and the facilitatory effect in
Experiments 2 and 3 exemplify that the lexical phonological representation associated
with the pseudo-homophone was indeed activated in the word identification system of
the bilingual speaker. We interpret the different direction of the effect as the result of fac-
tors operating at the task-decision system, as outlined below.

According to the BIA+ model, the bilingual lexical system is organized into a word
identification system driven by stimulus characteristics and a task-decision system,
influenced by non-linguistic factors. The flow of information is unidirectional from the
word identification system to the task-decision system. Recent support for this dissocia-
tion in the case of different-script multilinguals comes from Miwa et al. (2014), in which
Japanese—English bilinguals completed a lexical-decision of cognates and non-cognates.
Critically, they measured the time course of processing using eye tracking, distinguish-
ing between initial automatic activation measurements (e.g. first-fixation), and later con-
trolled decision processes (e.g. total time). Their findings support dissociation between
these different phases in processing, as phonological overlap resulted in different pat-
terns in the two types of measures.

We suggest that in our study, activation of SA pseudo-homophones resulted in either
facilitatory or inhibitory effects depending on the operation of multiple factors at the task
decision system. First, in all experiments only non-cognate items were included (see also
Bentin and Ibrahim, 1996). This list composition makes it such that identification of a
lexical candidate in the non-target language/form (SA) signals a non-word response in
the target language/form (Hebrew or LA). Therefore, once a non-word is identified as a
lexical representation in the non-target language/form, it may facilitate a ‘no’ decision
relative to a non-word that does not correspond to any lexical representation in the
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system. Nevertheless, several factors may work together to influence the use of this cue
at the decision system. First, the difference in proficiency in the target language influ-
ences the time course of the decision. Specifically, for SA—-LA—Hebrew speakers, a deci-
sion in LA, may be faster than a decision in Hebrew. Indeed, as shown in Table 1, the
time to make a ‘no’ response in LA appears to be faster than the time to make a ‘no’
response in Hebrew. It is possible therefore that in the Hebrew Experiments, SA words
were activated before a decision was reached in Hebrew, facilitating a ‘no’ decision for
SA pseudo-homophones relative to non-pseudo-homophones. In contrast, in Experiment
1, SA words were activated simultaneously with the ‘no’ decision in LA, creating com-
petition at the decision level, yielding longer RTs for SA pseudo-homophones than for
non- pseudo-homophones. Second, Hebrew and Arabic have distinct scripts and are
therefore more distinguishable than two languages that share the same script (e.g. Dutch
and English) or two forms of the same language (e.g. SA and LA). Thus, when Hebrew
letter strings activate lexical representations in Arabic, these activations facilitate a ‘no’
response in a Hebrew lexical-decision task. In contrast, when LA letter strings activate
SA words, it is more difficult to distinguish between these two forms, as both are consid-
ered Arabic. In other words, because SA is more similar to LA than to Hebrew (e.g.
Saiegh-Haddad and Spolsky, 2014), SA-LA—Hebrew speakers are more likely to assume
that an SA word is not a Hebrew word than they are to assume that it is not an LA word.
This general tendency reflects the long-term experience of the speakers with their lan-
guages, and may override the particular list composition.

We therefore suggest that degree of similarity between the two languages in question
may modulate the direction of the cross-lingual pseudo-homophone effect, such that, in
the context of a lexical-decision task, similar languages (e.g. two languages that share the
same script, like Dutch and English), will exhibit the typical pseudo-homophone inter-
ference effect, whereas languages that are more distinct (e.g. languages that have distinct
scripts, like Arabic and Hebrew) will exhibit a facilitation effect. To further investigate this
proposal, a similar study with Hebrew—English bilinguals is currently being done in our lab.
Given that Hebrew and English are even more different than Hebrew and Arabic, a cross-
lingual pseudo-homophone facilitation (rather than interference) effect is expected.

In summary, the results of the current study provide compelling evidence for pure
phonological cross-lingual influences, which are independent of both orthographic and
semantic overlap. These findings highlight the interconnectivity in the multilingual lexi-
con, both at the sub-lexical and the lexical levels. In addition, our results highlight the role
of language dominance in modulating these cross-lingual influences, with an asymmetric
pattern of more pronounced influence from the dominant to the less dominant language
than the reverse. Finally, the degree of similarity between the two forms/languages in
question appear to influence performance by operating at the task-decision system. Future
research is needed in order to further explore the automatic aspects of these cross-lingual
interactions in bilingual speakers and to shed light on the time course of these processes.
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Notes

1. It is important to note that although there is evidence that LA is processed like a second
language (e.g. Eviatar and Ibrahim, 2001; Ibrahim, 2006, 2009; Ibrahim and Aharon-Peretz,
2005) Arabic native speakers do not consider the two varieties of their language as two differ-
ent languages, rather as two forms of the same language (diglossia). Also, despite a remark-
able distance between the two forms, as research has shown (Saiegh-Haddad and Spolsky,
2014), the two forms are related at all linguistic levels.

2. Note that in both LA and Hebrew, letters represent mostly consonants. Vowels can optionally
be superimposed on consonants as diacritical marks (points). Thus, both languages have two
forms of spelling: a voweled form which is orthographically transparent (i.e. phonologically
unambiguous), and an unvoweled form which is more opaque (i.e. phonologically ambigu-
ous). Most written materials (except for poetry, literature for children, and religious texts) use
the unvoweled form. Nevertheless, given our focus on sub-lexical orthographic-phonological
connections the letter strings in both the LA and the Hebrew experiments were presented
with phonemic diacritics, in order to convey full phonological information (for a comprehen-
sive review of vowels in Semitic languages, see Ibrahim, 2010; Saiegh-Haddad and Henkin-
Roitfarb, 2014; Saiegh-Haddad and Schiff, 2016).

3. This control group was included in order to ensure that cross-lingual effects, if obtained, are
indeed a result of our phonological manipulation (SA pseudo-homophones vs. non-pseudo-
homophones) and not due to other uncontrolled stimuli characteristics. Thus, we expected
only the SA-LA-Hebrew group (but not the native Hebrew control group) to be sensitive
to the difference between these two types of Hebrew non-words. Such a control group was
not possible in Experiment 1 given that all Arabic readers of LA are also proficient in SA. In
addition, all Arabic speakers in Israel are exposed to Hebrew.
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Appendix |

Experimental stimuli.

Experiment |. A. Spoken Arabic (SA) pseudo-homophones: Non-words in Literary Arabic
(LA) that sound like real words in SA.

LA print IPA OrthN MorR Meaning Subjective Length Mean Mean
(0-2) familiarity (number bigram trigram
(-7 of letters) frequency frequency
scale)

LB burdaj 67 2 curtain 6.3 5 0.00050635 0.00000222
bl sefertas’ 2 0 box 6 6 0.00029921 0.00001362
ESTEN dzneni 54 2 garden 6.6 5 0.00244460 0.00012180
& fem 31 | mouth 7 2 0.00046430 n/a

ks tet'li 64 | jam 6.7 4 0.00224071 0.00005880
u‘)SL“' Jakuf 20 | hammer 6.5 5 0.00032003 0.00000340
A nat't'e 58 | jump 6.2 3 0.00038207 0.00000128
Sk t'arraf 24 | painter 5.3 4 0.00027169 0.00000330
assl Pud'e 51 | room 6 4 0.00021904 0.00001924
idag qebd’e 26 I salary 5.5 4 0.00026841 0.00000002
445\): xurafeji 39 2 story 6 6 0.00330286 0.00007646
ikl Jaqfi 40 I piece 6 4 0.00023802 0.00000530
I birwaz 50 | picture 5.7 5 0.00075336 0.00001972

frame
iai  xosa 32 2 knife 6 4 0.00034751 0.00000203
$b=as  mestari: 59 | money 6.8 5 0.00131592 0.0000665 |
Lsa s'vbba 52 | heater 5.4 4 0.00058725 0.00000245
t—ﬁu)u Jarfef 18 | tablecloth 6 4 0.00055451 0.00000024
esh tus 32 | garbage 5.4 3 0.00087551 0.00000026
can

gt heshesi | 0 mosquito 6.6 5 0.00020691 0.00000002
L qurni 66 2 corner 6.9 4 0.00073360 0.00003563

Note. OrthN = size of orthographic neighborhood. MorR = morphological regularity (0 = a letter string
with no familiar root and no familiar word pattern; | = a letter string with either a familiar root or a
familiar word pattern; 2 = a letter string with both a familiar root and a familiar word pattern).
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B. Hebrew pseudo-homophones: Non-words in Literary Arabic (LA) that sound like real words

in Hebrew.
LA print IPA OrthN MorR Meaning Subjective Length Mean Mean
(0-2) familiarity (number  bigram trigram
(-7 of letters) frequency frequency
scale)

BESW sefar 78 I hair 7 5 0.00080602 0.00006743
Sl jaSer 18 | forest 5.8 5 0.00000467 0.00006327
S kizr 59 | wall 6.6 3 0.00205410 0.00004949
Y] Pvzin - 49 | ear 7 4 0.00026112 0.00001002
Ol JaSu:n 34 | watch 6.7 5 0.00084511 0.00002753
éb-\-u tinuk 62 | baby 7 5 0.00206007 0.00007163
\3;3’3 trufa 85 | drug 6.5 5 0.00100739 0.00005392
Qe Gifon 31 | smoking 6 5 0.00116182 0.00002604
el dvlam 44 2 hall 7 4 0.00121371 0.00000186
g Pikdax 2 2 gun 6.5 5 0.00004976 0.00000103
ol Jelom 36 | peace 7 5 0.00120910 0.000062 14
Jsa xatul 48 | cat 6.5 5 0.00151108 0.00005446
dess  fuSal 12 2 fox 6.5 5 0.00040976 0.00004084
G xim?a | | butter 6.3 5 0.00085477 0.00000644
e Gossk 48 | business 6.8 4 0.00094772 0.00001289
w‘SJS kirkas 25 I circus 5.6 5 0.00068948 0.00006562
058 lsfoin 71 | tongue 6.2 4 0.00144456 0.00005231
glas kemax 40 | flour 5.4 5 0.00069885 0.00012253
sl xaluk 97 I robe 6 5 0.00077450 0.00002264
S5 buker 62 | morning 6.6 4 0.00088660 0.00001106

Note. OrthN = size of orthographic neighborhood. MorR = morphological regularity (0 = a letter string
with no familiar root and no familiar word pattern; | = a letter string with either a familiar root or a
familiar word pattern; 2 = a letter string with both a familiar root and a familiar word pattern).

C. Literary Arabic (LA) non-words that do not sound like familiar words.

LA print IPA OrthN MorR (0-2) Length Mean bigram Mean trigram
(number of letters) frequency frequency
B sokayir 13 I 5 0.00015094 0.00002062
G s*ollaf 37 I 3 0.00040827  0.00000296
@3 , febi¢ 49 I 3 0.00080848  0.00000690
ol dusab 14 I 4 0.00000641  0.00000015
<l i Oerfik 40 I 4 0.00048404  0.00000046
e zemye 4 | 4 0.00015165  0.0000002|
&= hefek 41 I 3 0.00044376  0.00000000
dg& kazil 52 I 4 0.00004641  0.00000068
pad nuSibem 34 0 4 0.00065200  0.00000127
G hiwetin 48 0 4 0.00101448 0.00004423
o dida? I I 4 0.00000020  0.00000677
pluc Cesa:m 38 I 4 0.00004763  0.00000098
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Experiment |. (Continued)

LA print IPA OrthN MorR (0-2) Length Mean bigram Mean trigram
(number of letters) frequency frequency
Wl e merfihji 26 | 6 0.00227045 0.00005703
i 5 terfe 37 | 4 0.00064880  0.00005647
glse dika:y 12 | 4 0.00004695  0.00000125
s qunle 39 | 4 0.00058280  0.00000006
sy wibade 100 | 5 0.00065474  0.00016039
S kawabif 27 I 5 0.00034646  0.00000064
S kaueteb 30 I 4 0.00042251  0.00000353
EER qadite 27 I 5 0.00061324  0.0000026 |
o) fsif I | 4 0.00006086  0.00000001
& nudszio 12 | 4 0.00046976  0.00000068
chs heba:h 24 I 4 0.00011590 0.00001019
iy feQrif 52 | 4 0.00075640  0.00000168
‘*Jauﬂ feribt'e 59 | 5 0.00087589  0.00001998
AJSA xekle 28 | 4 0.00150925 0.00003429
Al Jadise 3 | 5 0.00012177  0.00000582
C)ln Bilerd3 | 0 5 0.00098876  0.00003347
b fumizr 76 I 4 0.00197810  0.00012655
Gl desa:t 9 | 4 0.00001048 0.00000171
w)ﬂ fersefe 34 | 5 0.00094433  0.00001908
e bilesy 13 0 4 0.00123214  0.00000266
5 ek t'ifare 26 | 5 0.00068604  0.00028951
Gia dexizk 2 | 4 0.00073998  0.00000272
glaa hisa:d3 22 | 4 0.00012971  0.00003534
dalls na:fise 36 | 5 0.00011857  0.00005207
@u muhfe§ 6 I 4 0.00064594  0.00000540
Jui< kufbinel 22 0 5 0.00039417  0.00000020
Rapey fimrif 45 I 4 0.00071679  0.00000153
Jduae  med efker 0 | 5 0.00028474  0.00000041

Note. OrthN = size of orthographic neighborhood. MorR = morphological regularity (0 = a letter string
with no familiar root and no familiar word pattern; | = a letter string with either a familiar root or a
familiar word pattern; 2 = a letter string with both a familiar root and a familiar word pattern).

Experiment 2. A. Spoken Arabic (SA) pseudo-homophones: Non-words in Hebrew that
sound like real words in SA.

Hebrew IPA Meaning OrthN MorR Subjective Length Mean Mean trigram
print (0-2) familiarity (number bigram frequency
(-7 of frequency
scale) letters)
wiayn  matbuf  broken 5 | 7 5 0.00184021 0.00007268
pind xuzok  hole 0 0 6.7 5 0.00174468 0.00003438
Ty gutor perfume 4 I 7 5 0.00328774 0.00019214
X272 xarban  rotten 5 0 6.3 5 0.00148995 0.00001828

(Continued)
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Experiment 2. (Continued)

Hebrew IPA Meaning OrthN MorR Subjective Length Mean Mean trigram
print (0-2) familiarity (number bigram frequency
(1-7 of frequency
scale) letters)

m nitfe little bit 40 | 6.6 4 0.00089288 0.00001694
WOy zaSlan sad 0 0 6.9 5 0.00241350 0.00002589
aope takije hat 7 0 7 5 0.00345259 0.00038861

77302 baranda  balcony 6 0 6.2 5 0.00176183 0.00003065
mRon hafaje flip flop 9 0 7 5 0.00255138 0.00002900
771P  kondara  shoe 5 | 7 6 0.00236049 0.00013071

TRwa  bafkir towel 0 2 7 5 0.00242648 0.00011753

v272n  mxarbat confused 2 0 6.7 5 0.00110905 0.00004257
71310 suxun hot 18 I 7 5 0.00271698 0.00020889
XONOR  Pistaha  ashamed 2 0 6.6 5 0.00055929 0.00000331

k! zahri pink 27 I 7 4 0.00342818 0.00013603

wpi72  belzame| extra 0 0 6.8 5 0.00159434 0.00000488
YRIX  Pawagi  clothes | 0 7 5 0.00272890 0.0000033 1

7OR zarafe  giraffe 2 0 7 5 0.00142891 0.00000547
ROPIX inmaha  deleted 0 0 7 5 0.00078779 0.00001714
m zalame  man 17 0 7 4 0.00167178 0.00006516
i) kaman  more 19 0 6.8 4 0.00123515 0.00002351

R jimken  maybe 26 I 5.5 4 0.00122026 0.00001243

R0 sakqa cold 13 I 7 4 0.00064662 0.00001888
ypI7  karkaga noise 17 I 6.8 5 0.00105815 0.00008987
a8 xurraf  talk 6 0 6 5 0.00339603 0.00012776
a1 zaref bag 27 I 6.2 3 0.00070191 0.00000002
i mihrame  handkerchief 13 I 6.8 5 0.00179184 0.00006512
vinpn  makhut  scratched 0 | 7 5 0.00150691 0.00001288
v tufot bowl | 0 6 5 0.00216867 0.00007834
woyon  mfagfa)  messy 2 0 6 5 0.00071633 0.00005827
npia bose kiss 35 | 6.3 4 0.00221201 0.00006064
wonon  mfarfefl  happy 2 | 6.8 5 0.00118744 0.00006760
PRI zaki tasty 12 0 6.3 4 0.00113032 0.00007841

7Y tawle table 8 0 7 5 0.00406515 0.00041337
372 xaruf sheep 24 | 6.3 4 0.00315221 0.00025355
™y Gid holiday 27 | 6.3 3 0.00288607 0.00014727
MR muhami - judge 8 0 6.3 6 0.00295271 0.00007753

oXpy hasas sensitive | 0 5.4 4 0.00034557 0.00000134
o kamis shirt 19 I 5.6 4 0.00221107 0.00002526
fickl batta duck 29 I 7 3 0.00053296 0.00000655
VAN mazbut  right 0 I 7 5 0.00143064 0.00003537
TR bayex repulsive 13 0 6.3 4 0.00283337 0.00026968
TYmo sumga  rumor I5 | 6.8 5 0.00203085 0.00004294
YR saga clock 8 0 7 4 0.00037870 0.00000015
Twen  Mistara  ruler 20 2 7 5 0.00148078 0.00015310
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Experiment 2. (Continued)

Hebrew IPA Meaning OrthN MorR Subjective Length Mean Mean trigram
print (0-2) familiarity (number bigram frequency
(-7 of frequency
scale) letters)
7R emxade cushion 25 | 6.2 4 0.00099406 0.00000448
7917 mikense broom 13 | 7 5 0.00078055 0.00005149
bl bab door 16 0 7 3 0.00154798 0.00002420
pX2w  shubak  window 2 0 7 5 0.00255242 0.0002001 |
o kalam pen 36 I 7 3 0.00152921 0.00000404

Note. OrthN = size of orthographic neighborhood. MorR = morphological regularity (0 = a letter string
with no familiar root and no familiar word pattern; | = a letter string with either a familiar root or a
familiar word pattern; 2 = a letter string with both a familiar root and a familiar word pattern).

B. Hebrew non-words that do not sound like familiar words.

Hebrew printIPA OrthN MorR (0-2) Length Mean bigram Mean trigram
(number of frequency  frequency
letters)

aigipa) pazham 10 0 4 0.00023638 0.00000037

ooy tsaklam 8 0 4 0.00103282 0.0000021 |

Wik) pahfan 19 | 4 0.00105503 0.00000028

nmw kadran 30 2 4 0.00078408 0.00001474

a%p1 niklam 40 0 4 0.00125093 0.00001897

piarig Jakmar 19 | 4 0.00120164 0.00000472

aplivia} raflam 18 | 4 0.00349332 0.00006977

Rtapl) karmad I | 4 0.00155242 0.00000979

127 lahban 17 | 4 0.00129354 0.00004387

7273 galbad 3 | 4 0.00110614 0.00009795

voma bahlats I | 4 0.00097216 0.00002934

wpys pagkaf 0 | 4 0.00072771 0.00000518

17772 lahdan 13 | 4 0.00091980 0.00001721

oyny tsamgam 19 0 4 0.00107036 0.00005480

monad hitpamez 2 | 4 0.00102424 0.00008066

n3on misgevet 12 | 4 0.00104961 0.00004891

al7jyfria mkahfem 8 0 5 0.00093916 0.00001912

npra baheket 17 I 5 0.00076196 0.00002044

npny tsameket 25 2 4 0.00076256 0.00000271

[alpib) pahkam 18 0 4 0.00046068 0.00000006

Ny tsaveket 22 | 4 0.00069741 0.00000337

{7kl mbaxraf 12 0 4 0.00084220 0.00000761

™72 barxan 6 | 4 0.00195039 0.00001940

INT7Y Galzan 2 I 5 0.00154004 0.00000378

72177 daranba 5 0 5 0.00105160 0.00001430

YR kafbir 0 | 5 0.00371520 0.00031627

o malaza 19 0 5 0.00082745 0.00001217

(Continued)
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Experiment 2. (Continued)

Hebrew printIPA OrthN MorR (0-2) Length Mean bigram Mean trigram
(number of frequency  frequency
letters)

PV rakgak 9 | 5 0.00051863 0.00007299

TORY Gajafe 8 0 4 0.00167348 0.00000970

vnnR kahmut | 0 4 0.00184007 0.00007324

biatals] hamhun 2 0 5 0.00249040 0.00011760

7fabRlal mrafmef 4 0 5 0.00182275 0.00000746

wipnmn mhamkef 2 0 5 0.00107945 0.00001881

027p karbas 10 | 5 0.00156928 0.00009778

TRRY Jakmir 12 | 4 0.00272811 0.00010385

mm harmar 13 I 5 0.00188446 0.00000812

wanr? lazambe 0 0 4 0.00071625 0.00000862

w3y rabifef 0 0 5 0.00071494 0.00000755

RiRk) parux 41 0 5 0.00358597 0.00026201

70 yabanda 7 0 5 0.00131290 0.00003312

Pimo tuhuk 0 0 4 0.00238246 0.00028426

Al Gakrak 10 | 5 0.00110585 0.00006807

piom zuxuk | 0 5 0.00197663 0.00004537

T70K) watle | 0 5 0.00227606 0.00002490

nRw? lufah 8 0 4 0.00255703 0.00019800

PR tsargn 10 0 5 0.00085619 0.00003993

Lo tsalkan 19 2 5 0.00067639 0.00001385

ngma bahettset 13 | 5 0.00052835 0.00001485

YR kalgama 4 | 5 0.00133455 0.00003957

Po%% tsalfak 8 I 4 0.00083092 0.00001 100

Note. OrthN = size of orthographic neighborhood. MorR = morphological regularity (0 = a letter string
with no familiar root and no familiar word pattern; | = a letter string with either a familiar root or a
familiar word pattern; 2 = a letter string with both a familiar root and a familiar word pattern).

Experiment 3. A. Spoken Arabic (SA) pseudo-homophones: Non-words in Hebrew that
sound like real words in SA.

Hebrew IPA Meaning OrthN MorR Subjective Length  Mean bigram Mean trigram

print (0-2) familiarity (number frequency  frequency
(-7 of
scale) letters)
IRD tabi ball 16 0 7 4 0.002792267 0.0002013891
RO masari money 2| 0 7 5 0.002686175 0.0000841132
mon tehat  bed 30 | 7 4 0.003127245 0.0000244067
nang lamba  lamp 16 | 6.7 4 0.001711263 0.0000157770
nia bot shoe 25 | 6.6 3 0.009602845 0.0009425044
efwial mxade pillow 10 0 6.7 5 0.001826577 0.0000293017
friok| bise cat 30 | 6.5 3 0.000534916 0.0000026429
M budra powder 33 2 5.3 5 0.002931648 0.0002196519
vyin toft bowl 26 0 6 4 0.002115124 0.0001001085
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Experiment 3. (Continued)

Hebrew IPA Meaning OrthN MorR Subjective Length  Mean bigram Mean trigram

print (0-2) familiarity (number frequency  frequency

(-7 of

scale) letters)
aoRTR adehz  lighter | 0 5.7 5 0.000869934 0.0000029034
RRIN ?®Erma  sign I 0 6 4 0.00148594 0.0000242113
PRy Jekuf  hammer 0 0 6.8 5 0.001853488 0.0000305351
ne? lefhe  scarf 18 I 5.4 4 0.000737942 0.0000655095
720%W  Joraba  soup 28 I 6 5 0.003554432 0.0002745016
URYR ?fat belt 16 0 5.4 4 0.001078301 0.0000037805
o Jenta  bag 28 I 6.6 4 0.001047371 0.0000130307
R7M2  burdaj curtain | 0 6.9 6 0.003421008 0.0002348907
TonY  Jemsijo umbrella 8 0 6.5 5 0.00265229 0.0000888934
nap kabut  coat 27 I 6.8 4 0.006760301 0.0007075850
Ry harami  thief 7 0 5.7 5 0.003095642 0.0000881503

Note. OrthN = size of orthographic neighborhood. MorR = morphological regularity (0 = a letter string
with no familiar root and no familiar word pattern; | = a letter string with either a familiar root or a
familiar word pattern; 2 = a letter string with both a familiar root and a familiar word pattern).

B. Literary Arabic (LA) pseudo-homophones: Non-words in Hebrew that sound like real words
in LA.

Hebrew IPA Meaning OrthN MorR Subjective Length Mean bigram Mean trigram
print (0-2) familiarity (number frequency frequency
(17 scale) of letters)

Tyon* miscad  elevator 23 2 6.9 4 0.001051129 0.0000435390
RRID fina courtyard 7 0 6.2 4 0.000575649 0.0000021029
7ome*  shifa newspaper 22 | 7 5 0.001273935 0.0001370402
mIRY Jahen charger 13 0 6.8 4 0.001169519 0.0000230737
et hukna injection 36 | 6.2 5 0.002345022 0.0001721869
jeloR el malabes clothes | 0 7 5 0.001708788 0.0000721014
NN2I0 subat sleep (n) 26 0 6.5 5 0.003189224 0.0001223701
TRRYT halake  ring 3 0 6.5 5 0.001666675 0.0000045044
NUNY Jate beach | 0 6.8 4 0.000573766 0.0000072738
229 kubla kiss 31 2 6.6 5 0.003628165 0.0001845664
fal it ruham  marble 17 | 6.2 5 0.002357897 0.0000721168
LNrelal mukajef air-conditioner 14 0 7 5 0.002646805 0.0001826130
Reniria) malha nightclub 11 0 5.8 4 0.003082097 0.0000497210
(SNl mudares teacher 12 | 7 5 0.002938678 0.0002002400
bR Jurfa balcony 42 2 6 5 0.002853703 0.0001490596
nIop kafza jump 9 | 6.2 4 0.000570198 0.0000008503
TRDI nifaja trash 10 0 6.8 5 0.002661513 0.0000301750
TIRY tahi cook (n) | 0 5.4 4 0.001941196 0.0000064349
ot} kub cup 28 | 6 3 0.00351014 0.0000430678
IR knejni bottle 16 0 6.9 5 0.005146517 0.0004612513

Notes. * items that were excluded from analyses due to low accuracy; see text for details. OrthN = size of
orthographic neighborhood. MorR = morphological regularity (0 = a letter string with no familiar root and
no familiar word pattern; | = a letter string with either a familiar root or a familiar word pattern; 2 = a
letter string with both a familiar root and a familiar word pattern).
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C. Hebrew non-words that do not sound like familiar words.

Hebrew IPA OrthN  MorR  Length Mean bigram  Mean trigram
print (0-2)  (number of letters) frequency frequency
TINOY ?Pahada 2 0 5 0.000992119  0.0000186918
27 Parham 27 0 4 0.001837062  0.0000323928
MNP kaJof I 0 5 0.002075105  0.0001775263
bix) lahfa 25 | 4 0.000671332  0.000008664 |
32iw Jubra 44 2 5 0.003697834  0.0004592672
WRYNR Pitaf 4 0 4 0.000730628  0.0000049296
{740 tajna 20 | 4 0.001771772  0.0002338623
P RALe) 74 Jasmija I 0 5 0.002537424  0.0000510041
nap kubat 30 | 4 0.003012101  0.0001786831
"2i0 subi 42 2 4 0.004390528  0.0004310457
TR mar?ahi 13 0 5 0.002742333  0.0000563819
jehsl bati 19 0 4 0.001601014  0.0000265899
MRV Pagavi | 0 5 0.001947895  0.0000381267
ONT2 baz?ali | 0 5 0.002768743  0.0002980809
270X arnadav 2 0 5 0.000907808  0.000037238I
ORI mar?asi 12 0 5 0.002290758  0.0000731049
2R tub 22 I 3 0.003692747  0.0001048657
abyle) siheb 15 I 3 0.001123891  0.0000000460
727N rudba 15 I 5 0.00330066 0.0000190442
Y Jited 20 I 3 0.000734168  0.0000014019
AR ?Paloga 8 I 5 0.002967152  0.0001431380
(7R ihuf 12 I 5 0.003090161  0.0001826972
ROTR ?Pahsa 8 0 4 0.000920486  0.0000025395
hirdix! bhika 13 | 5 0.001838856  0.0002938829
IRYA tis?ar 20 0 5 0.001720285  0.0000132222
2l hilzam 5 0 5 0.001953617  0.0000576689
v timgaf | 0 5 0.001571483  0.0000305083
R lubka 12 | 5 0.00257724 0.0000685852
0ONP kares 10 | 4 0.001071417  0.0000468598
X211 ruxa 19 0 4 0.002972663  0.0000803902
ORI mv?ales 0 0 5 0.001696576  0.0000314773
N pin?aja 21 0 5 0.002863949  0.0001235652
RiEE) pufra 42 2 5 0.002645639  0.0000954585
ZENEH! nuduk 8 0 5 0.003609544  0.0001390702
97 rasir 8 | 4 0.002851684  0.0001643769
7iR7 ra?on 23 | 4 0.003907423  0.0001776145
79390 tafxor 29 | 5 0.002587415  0.0000743843
T fugija 26 | 5 0.002599765  0.0001472824
REDY gugija 30 | 5 0.0031574 0.0001716506
awn? limfa 26 | 4 0.003056081  0.0001951610

Note. OrthN = size of orthographic neighborhood. MorR = morphological regularity (0 = a letter string
with no familiar root and no familiar word pattern; | = a letter string with either a familiar root or a
familiar word pattern; 2 = a letter string with both a familiar root and a familiar word pattern).
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Appendix 2.

Reaction time (RT) data and Accuracy data.
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Appendix 2a. Reaction time (RT) data: Top panel (A) = Experiment |; middle panel (B) =
Experiment 2, and bottom panel (C) = Experiment 3.
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Appendix 2b. Accuracy data: Top panel (A) = Experiment |; middle panel (B) = Experiment

2, and bottom panel (C) = Experiment 3.





