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Abstract

Aims and objectives: We examined how context is used to facilitate reading in the second
language (L2) compared with the first language (LI), and how L2 availability and age modulate
these context effects.

Methodology: Using self-paced reading, participants read high- and low-constraint Hebrew sentences.
In Experiment I, L1 (n=45) and L2 (n=48) Hebrew readers were compared, whereas in Experiment
2, only L2 readers (n=131) were examined, testing modulations by L2 availability and age.

Data and analysis: Reading times of target, post target, and sentence final words were analyzed
using linear-mixed-effects models.

Findings: In Experiment |, L2 readers differed from LI readers in contextual processing, as
evident in the significant interaction between context type and language background on the final
word measure. In Experiment 2, L2 readers with lower L2 availability scores differed from those
with higher scores, and younger readers differed from older ones, in the way high- and low-
constraining context affected their reading behavior in the target word and in the final word
of the sentence. These differences were indicated by significant interactions between context
type and L2 availability as well as between context type and age group. These findings are best
understood under a compensatory processing account.

Originality: By complementing LI-L2 group comparisons with in-depth examination of the
L2 profile, the current study reveals a continuous effect of L2 availability, such that a lower
L2 availability is associated with a greater reliance on context. Furthermore, the inclusion of
older and younger adults provides converging evidence to the use of contextual support as a
compensatory mechanism when lexical processing is more effortful.
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Words are usually recognized within larger pieces of verbal information, and thus, their processing
can be facilitated by a constraining or biasing context, especially in cases of lexical ambiguity
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(Morris, 2006). This facilitation may be explained either by top—down prediction processes or by
bottom—up integration processes, which are often difficult to distinguish (Pickering & Gambi,
2018). Facilitation by prediction occurs when the context allows comprehenders to preactivate
lexical or sublexical representations before they are activated by the verbal input itself, whereas
facilitation by integration occurs when words are encountered after a semantically related context,
which eases their integration within the existing representation of the text. Regardless of the mech-
anism involved, the ability to use previous context to facilitate the processing of words in sentences
plays an important role in language comprehension. Thus, investigating this issue is of relevance
to both first language (L1) and second language (L2) processing.

Evidence from studies testing L1 processing' suggests that word processing is faster after
semantically constraining contexts, than after neutral contexts (e.g., Brothers & Kuperberg, 2021;
Ehrlich & Rayner, 1981; Hess et al., 1995; Rayner & Well, 1996). For example, Brothers and
Kuperberg (2021) reported that reading times in a self-paced reading (SPR) task were faster for
words (e.g., glasses) embedded in a highly constraining context (e.g., Her vision is terrible and she
has to wear glasses in class), than for words embedded in a more neutral context (e.g., Her mother
was adamant that she has to wear glasses in class). Similarly, they found that responses in a picture
naming task were faster when the pictured objects (e.g., glasses) were presented after the highly
constraining context (e.g., Her vision is terrible and she has to wear ). These findings indicate
that previous context modulates lexical access both when comprehending and when producing L1
words.

Furthermore, numerous L1 studies examined how semantic context is used to resolve within-
language semantic ambiguity in the case of words that consist of more than one meaning (i.e.,
homonyms like the word ‘bank’; for a review see, Degani & Tokowicz, 2010). In particular, the
influential “re-ordered access” model (Duffy et al., 1988) emphasizes the importance of previous
semantic context in lexical ambiguity resolution. According to this model, context facilitates acti-
vation of the context-appropriate meaning of ambiguous words. For example, using eye-tracking
methodology, Duffy et al. (1988) showed that under a biasing context, gaze durations on balanced
ambiguous words that consist of two equally frequent meanings (e.g., pitcher), did not differ from
their unambiguous controls (e.g., whiskey), suggesting that in such biasing contexts, previous
semantic context facilitates the lexical processing of ambiguous words by boosting the activation
of the context-appropriate meaning and reducing the competition between the two interpretations.

Critically, it is still unclear whether L1 and L2 comprehenders differ in the way they take advan-
tage of contextual cues to process upcoming words (ambiguous and unambiguous ones). The few
studies investigating this issue have provided conflicting evidence. Some findings suggest that L1
and L2 comprehenders similarly benefit from constraining context. For example, in an eye-move-
ment study, Whitford and Titone (2017) examined word processing during L1 and L2 paragraph
reading, as a function of word predictability (i.e., the degree to which a word can be predicted by
previous context based on cloze probabilities) among younger and older French—English bilingual
adults with relatively high proficiency in the L2 and varied current L2 exposure. They found that
the effect of word predictability was language-invariant in both early-stage reading measures
(taken to reflect lexical access) and late-stage reading measures (taken to reflect post-lexical inte-
gration), irrespective of age and current L2 exposure. Thus, a constraining context facilitated word
reading to the same extent in both languages.

Similarly, Gollan et al. (2011) found that high-constraint contexts reduced the processing disad-
vantage of less frequent words, among both English monolinguals (L1) and English-dominant
Spanish—English and Dutch-dominant Dutch—English proficient bilinguals (L2).

Along the same lines, in an event-related-potentials (ERP) study, Foucart et al. (2014) examined
the processing of the article (masculine/feminine) preceding expected and unexpected target nouns,
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as well as the processing of the noun itself. Specifically, Spanish monolinguals, French—Spanish-
proficient late bilinguals, and Spanish—Catalan early bilinguals read Spanish (L1 or L2) sentences
(e.g., The pirate had the secret map, but he never found the [masculine] treasure/the [feminine]
cave he was looking for). The results showed the same context effects in the pattern of brain activ-
ity (i.e., an increase in the N400 amplitude during the processing of unexpected articles and nouns)
in all three groups of Spanish readers, indicating that context-based lexical expectations were gen-
erated during both L1 and L2 sentence reading.

Conversely, other studies have demonstrated weaker, delayed, or different context effects in the
L2, relative to the L1. For example, using a similar procedure to that of Foucart et al. (2014) with
English sentences (e.g., He was very tired so he sat on a chair/an armchair), Martin et al. (2013)
found that contrary to monolingual L1 readers, proficient L2 Spanish—-English readers failed to
show an increase in the N400 amplitude when processing unexpected articles and nouns during
sentence reading. This finding suggests that L2 readers do not use the previous context to the same
extent as L1 readers do (see also Mitsugi & MacWhinney, 2016).

In another ERP study that tested proficient Spanish—English L2 readers, Ito et al. (2017) found
an increase in the N400 amplitude during the processing of sentences (e.g., The student is going to
the library to borrow a ) that ended with unpredictable and implausible target words ([TWs]
e.g., sofa), relative to predictable and plausible TWs (e.g., book). However, they did not find N400
effects that depended on word predictability (i.e., the cloze values of the predictable words), for
TWs that were form related (e.g., hook) or semantically related (e.g., page) to the predictable word.
The authors concluded that although L2 readers are generally sensitive to sentence plausibility and
can use previous context to facilitate lexical processing, they do not generate context-based predic-
tions about the form and meaning of upcoming words, unlike monolingual L1 readers (as tested in
Ito et al., 2016).

Moreover, in two response related (RT) and ERP priming studies, Elston-Gittler and Friederici
(2005, 2007) examined how L1 and advanced L2 English readers process words with more than
one meaning (i.e., homonyms) as a function of context. They reported that the two groups differed
in the time-course of selecting the contextually appropriate meaning of these ambiguous words.
Specifically, native English speakers with a minimal knowledge of German and late German—
English bilinguals read English sentences that ended with a homonym. This homonym was dis-
played separately, after the rest of the sentence, for either 200, 500 (Elston-Giittler & Friederici,
2005), or 800ms (Elston-Gittler & Friederici, 2007). Then, a TW that was related either to the
contextually appropriate or inappropriate meaning of the homonym was displayed and participants
had to decide whether or not it was a real word in English. At the 200-ms stimulus-onset asyn-
chrony (SOA), they found an overall priming effect that was invariant to context condition and
language group, in both the RT and N400 measures. Thus, at this early processing stage, both
meanings of the homonym were active, in both language groups. At the 500-ms SOA, the RT meas-
ure revealed that contextually inappropriate meanings were no longer active for both groups. Yet,
the N400 measure showed that activation of contextually inappropriate meanings had decayed for
L1, but not for L2 readers. Finally, at the 800-ms SOA, both measures revealed that only contextu-
ally appropriate meanings were still active, in both language groups, indicating that at the final
stage of disambiguation, the two groups were comparable in meaning selection and integration
processes. The results of these two studies demonstrate that L2 readers employ similar processing
mechanisms to those of L1 readers when dealing with lexical ambiguity resolution in context.
However, lexical disambiguation using context seems to be slower in the L2 than in the L1.

Findings such as these can be interpreted within the framework of the prediction-by-production
model (Pickering & Gambi, 2018). This model assumes that language comprehenders covertly
imitate what they have comprehended so far from the utterance, and construct a representation of
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the underlying communicative intention. Then, they run this intention through their production
system, and thus, preactivate the upcoming utterance. Therefore, according to this model, the pro-
duction system has a critical role in generating predictions during language comprehension
(Pickering & Gambi, 2018). This prediction by production mechanism is considered to be an
optional, non-automatic, and effortful process. With respect to L2 processing, this model postulates
that L2 comprehenders are less likely to generate context-based predictions, because the reliance
on the production system requires time and cognitive resources that may not be available during
L2 processing (Ito & Pickering, 2021).

Yet, other findings suggest that L2 processing, especially among less proficient L2 users, may
rely more extensively on contextual cues than L1 processing. For example, in a picture naming
task, in which participants named pictures presented either in isolation, in low-constraint context,
or in high-constraint context, Gollan et al. (2011) found that less proficient Dutch—English bilin-
guals (L2), but not highly proficient Spanish—English bilinguals (L2), benefited more from high-
constraint context than did English monolinguals (L1). These findings suggest that reduced
proficiency in the L2 might lead to a greater reliance on context. Similar evidence was also reported
by Mor and Prior (2022). They tested Hebrew—English bilinguals with an intermediate level of
English proficiency and demonstrated that the effect of word predictability, as indicated by TWs’
total reading times (i.e., the sum of all fixation durations on the target word in a given trial), was
more pronounced in participants’ L2-English than in their L1-Hebrew.

Findings such as these are consistent with the interactive-compensatory model (Stanovich,
1980, 1984), which postulates that less skilled readers may rely more heavily on context to com-
pensate for limited abilities in lexical processing or integration and to reduce overall cognitive
effort (e.g., Ashby et al., 2005; Huettig & Brouwer, 2015). For instance, Ashby et al. (2005) found
asignificant context effect among average readers but not among highly skilled readers. Specifically,
in highly constraining sentence contexts, in comparison to non-constraining contexts, only average
readers were faster to process low-frequency words. Thus, the interactive-compensatory model
may further predict that L2 readers, which are typically less skilled relative to L1 readers, are likely
to generate context-based predictions in order to overcome other reading difficulties.

In sum, the existing literature is inconsistent with respect to whether L2 readers differ from L1
readers in their use of previous context to enhance online lexical processing. Dissimilarities across
studies in the experimental settings (e.g., linguistic material, paradigm) may explain these distinct
outcomes because they may tap different context-based processes, at different time points along
the sentence, with varied sensitivity. Of relevance, these mixed results may also be explained by
other modulating factors, including differences between participants in specific L2 characteristics
such as proficiency, experience, L2 structure, and similarity to the L1. For instance, the study docu-
menting larger context effects in the L2 than in the L1 (Mor & Prior, 2022) tested different-script
Hebrew—English bilinguals, whereas all other studies focused on same-script Indo-European bilin-
guals (French—English in Whitford & Titone, 2017; Spanish—English in Gollan et al., 2011, Martin
et al., 2013, and Ito et al., 2017; French—Spanish and Catalan—Spanish in Foucart et al., 2014;
German—English in Elston-Giittler & Friederici, 2005, 2007; see Share, 2008 for discussion of
Anglocentricities in reading research). Thus, further examination of potential L1-L2 differences in
reliance on context is needed, especially with respect to additional populations.

The present study expanded this line of research in two important directions. First, it examined
another population of L2 users—Arabic—Hebrew bilinguals—these two languages consist of simi-
lar orthographic principles and morphological characteristics but differ in script. These bilinguals
are expected to adopt context-based reading strategies due to the specific features of the writing
systems of both of their languages. Specifically, Hebrew and Arabic are usually written and read
without diacritics that mark partial vowel information. In the absence of vowel
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markers, the complete phonological form of words is not available from the script, such that the
same orthographic form can refer to more than one phonological and semantic entry (i.e., hetero-
phonic homographs; Abu-Rabia, 2001; Frost & Bentin, 1992). Thus, Hebrew and Arabic readers
are routinely faced with the need to resolve lexical (phonological and semantic) ambiguity during
reading and therefore may apply more extensively context-based processing strategies (Abu-Rabia,
1997; Bar-On et al., 2017). Furthermore, Arabic speakers may similarly employ such context-
based processing strategies when reading in their L2 Hebrew, because they might transfer these
reading strategies from their L1 to their L2 (Norman et al., 2016). Second, the present study exam-
ined reading behavior while treating bilingualism and L2 use as a continuum of experiences, rather
than simply dichotomizing L1 from L2 readers. Thus, in order to capture large and continuous vari-
ability in L2 experience and age, which may modulate context effects in the L2, the second experi-
ment reported here tested a relatively large and heterogeneous sample of L2 users and examined
how individual differences in L2 availability might modulate reliance on context during reading.

The influence of language experience and proficiency on context
effects in the L2

The language profiles of bilinguals are diverse and characterized by unique environments of lan-
guage acquisition and use (Gullifer et al., 2021; Marian & Hayakawa, 2021), which may modulate
cognitive abilities in general, and different language functions in particular. Indeed, recent studies
have shown that variability in L2 performance may be explained by different aspects of L2 experi-
ence, including proficiency, use, exposure, context and age of acquisition (AoA), and interactional
contexts, among other factors (e.g., Beatty-Martinez et al., 2020; Kastenbaum et al., 2019).

While the previous literature has greatly focused on the role of proficiency in shaping L2 process-
ing, the current work has examined the role of L2 availability—the extent to which the language is
available for use during online processing. The degree of L2 availability, which we define as a combi-
nation of different aspects of L2 experience and proficiency, as detailed below, may modulate the
ability to use contextual information during sentence reading, in two alternative ways. First, less expe-
rienced L2 users are exposed to the target language less often and have less opportunities to use it. As
such, their lexical representations are assumed to be of reduced quality (Gollan et al., 2008; Stanovich,
1980, 1984). Consequently, such individuals may rely on context more extensively to compensate for
weaker lexical processing and for the reduced quality of lexical representations. Alternatively, indi-
viduals with reduced L2 experience and limited L2 proficiency may depend on context to a lesser
extent than those with higher experience and proficiency, because they may have less available cogni-
tive resources to devote to the demanding process of context-based prediction (Ito & Pickering, 2021).

Previous studies examining L2 lexical processing in context have reported that the effect of
word predictability was not associated with L2 proficiency, as was measured by a vocabulary
knowledge test and a single-word-reading fluency test (Mor & Prior, 2022), or by the percentage
of L2 exposure time (Whitford & Titone, 2017). Yet, it was found that these two measures were
related to the effect of word frequency (i.e., faster processing for more frequent words), such that
greater L2 proficiency and exposure led to smaller frequency effects (Mor & Prior, 2022; Whitford
& Titone, 2012, 2017 see also Gollan et al., 2011). These findings suggest that proficiency (i.e.,
lexical knowledge) and exposure may modulate lexical processing but not context-based process-
ing during L2 reading. Mor and Prior (2022) suggested that the two proficiency measures used in
their study (i.e., vocabulary knowledge and reading fluency) did not explain the effect of word
predictability because these measures capture lexical knowledge that is not sufficient to support
top—down context-based processes, such as prediction or integration, during reading.
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Thus, in order to find a more suitable measure that may better explain context effects in the L2,
here we created an L2-Availability Factor that accounted for participants’ variability in verbal flu-
ency, use, exposure, and AoA. This measure captures different aspects of the L2 experience, and as
such, may better represent the degree to which linguistic knowledge and cognitive resources are
available for top—down context-based processing during online L2 reading.

The influence of age on context effects in the L2

In addition to the possible influence of L2 experience and proficiency, age may also be an impor-
tant factor that could modulate context effects in the L2. On one hand, older adults have accumu-
lated larger L2 vocabulary knowledge and greater reading experience than younger adults (e.g.,
Stanovich et al., 1995), and thus, may be more efficient in using previous context during L2 sen-
tence reading. On the other hand, a wide range of sensory abilities and cognitive skills necessary
for dealing with complex tasks decline with age (e.g., Bopp & Verhaeghen, 2005; Fozard &
Gordon-Salant, 2001; Park & Reuter-Lorenz, 2009; Salthouse, 2010). Thus, according to the infer-
active-compensatory model discussed above, such declines may necessitate the operation of con-
text-based processing mechanisms in order to compensate for slower processing abilities.

Studies investigating the influence of age on L1 sentence reading show that, in general, reading
is slower for older (65 + years) than younger (18-30years) adults. Specifically, older adults tend to
have more and longer fixations, higher skipping rates, longer saccades, and more regressions back
to earlier regions (e.g., Kemper et al., 2004; Kemper & Liu, 2007; Kliegl et al., 2004; Rayner et al.,
2006; Whitford & Titone, 2016 for a review see Gordon et al., 2016). Furthermore, older adults
tend to show reduced lexical quality and accessibility (indexed by a greater word frequency effect)
and more cross-language activation (indexed by a greater cross-language neighborhood density
effect) in both their L1 and L2 (Whitford & Titone, 2017). Importantly, age was also found to influ-
ence context effects during sentence reading, however, previous studies have reported inconsistent
findings as to the direction of this age-related effect in the L1, and this issue has rarely been studied
in the L2.

Findings from eye-movement studies suggest that older, relative to younger, adults rely more
heavily on previous context to facilitate lexical identification and integration (Choi et al., 2017,
Rayner et al., 2006; Zhao et al., 2019, 2021). For example, Choi et al. (2017) compared eye-
movement measures of younger (19-25years) and older (67-80years) adults during L1 sentence
reading. Sentences consisted of either a predictable or an unpredictable target word (e.g., The doc-
tor told Fred that his drinking would damage his liver/heart very quickly). They found stronger
context effect for older, than younger adults, indexed by shorter reading times for predictable than
unpredictable TWs. Similarly, Zhao et al. (2019, 2021) found that reading time measures, sensitive
to both lexical identification (i.e., gaze duration) and contextual integration (i.e., regression-path
reading times), were faster for predictable, relative to unpredictable TWs, and that this context
effect in the L1 was larger among older adults than among younger adults.

In contrast to these behavioral findings, evidence from ERP studies, which may reflect neural
efficiency and resource allocation, suggests that older adults show weaker and/or delayed context
effects in the L1 (Federmeier et al., 2003; Federmeier & Kutas, 2005; Payne & Federmeier, 2018;
Wilotko et al., 2012). For example, Federmeier and Kutas (2005) found effects of contextual con-
straint on brain responses to sentence-final words (FWs). Specifically, N400 amplitudes were
reduced when the same words (e.g., beard) were presented at the end of high-constraint sentences
(e.g., No one at the reunion recognized Dan because he had grown a beard) as compared with low-
constraint sentences (e.g., At the children’s park next to the beach she saw a man with a beard).
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Critically, for older adults, this context effect was smaller and later than that observed for younger
adults, suggesting that older adults can use constraining sentence-level information, but not as
quickly and effectively as younger adults do.

One way in which these behavioral and neural findings can be reconciled is by dissociating lexi-
cal prediction per se from other contextual facilitation that is independent from prediction pro-
cesses, such as integration. In the ERP study of Dave et al. (2018), participants read two-sentence
passages and were instructed to use the context of both sentences to predict the passage FW. After
reading the passage, they had to indicate whether the passage FW matched the word they had pre-
dicted. The authors reported no age-difference both in the proportion of accurately predicted pas-
sage-final-words and in the neural benefits for correct, relative to incorrect predictions. However,
age-related reductions were observed for the N400 effect of contextual support (i.e., constraining
vs. un-constraining sentences) that were independent of prediction accuracy. These findings sug-
gest that even though aging may not result in a specific decline in the predictive ability, it still has
influence on the ability to use constraining context to facilitate lexical processing.

Most relevant to the current study, in the one study that examined the effect of age on both L1
and L2 paragraph reading, Whitford and Titone (2017) reported that the effect of word predictabil-
ity, in both languages, was age-invariant across both early- and late-stage eye-movement reading
measures. This pattern suggests that older and younger adults comparably use contextual cues to
predict upcoming words during reading. Yet, to the best of our knowledge, this is the only study
investigating the influence of age on context-based lexical processing in the L2, and it was con-
ducted with same-script (French—English) bilinguals. Thus, to reach stronger conclusions, further
examination of this issue in other bilingual populations is needed.

The present study

As discussed above, little is known about context-based reading processes in the L2 and about the
role of L2 experience and age in shaping these processes. Therefore, the two main goals of the cur-
rent study were (1) to compare the way L1 and L2 readers use previous semantic context to facili-
tate lexical processing of ambiguous and unambiguous words during sentence comprehension; and
(2) to further examine the influence of L2 availability and age on L2 readers’ ability to benefit from
constraining context.

To this end, we conducted two experiments using Hebrew sentences in conjunction with the
SPR task (Jegerski, 2014; Marsden et al., 2018). In the task, participants read high- and low-con-
straint sentences that included either ambiguous (i.e., homonyms) or unambiguous TWs, which
were never positioned at the end of the sentence. To achieve the first goal, in Experiment 1, we
compared the reading times of L1 and L2 Hebrew readers. To achieve the second goal, in
Experiment 2, we focused on L2-Hebrew readers and calculated a composite score of five meas-
ures that capture different aspects of participants’ variability in the L2.

Predictions were as follows. If L1/L2 readers use previous semantic context to facilitate lexical
processing, then word reading should be faster in high- than in low-constraint contexts. Moreover,
in both language groups, context effects are expected to be modulated by the lexical ambiguity of
TWs, such that a constraining context should facilitate processing to a greater extent in the case of
ambiguous homonyms, than in the case of unambiguous controls, because of its contribution to
disambiguation processes (Duffy et al., 1988). Furthermore, based on the interactive-compensa-
tory model (Stanovich, 1980, 1984) described above, we hypothesized that context effects would
be more pronounced in the L2 relative to the L1, in less experienced L2 readers than in more expe-
rienced ones, and in older adults relative to younger adults.
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Table 1. Participants’ characteristics as a function of LI group in Experiment I; M (SD).

Measure L1-Arabic LI-Hebrew
N 48 45
Males/females 16/32 21124

Age (in years)* 23.3 (3.7) 25.7 (3.6)
Education (in years) 14.5 (1.7) 145 (2.3)
Maternal education (in years)* 12.1 (3.6) 15.2 (3.0)
Hebrew age of acquisition (in years)* 7.6 (1.0) 0.0 (0.0)
Hebrew current exposure (%)* 31.3 (16.9) 85.3 (10.3)
Hebrew current use (0-10)* 6.8 (1.5) 8.1 (1.3)
Hebrew subjective proficiency (0—10)* 8.6 (0.9) 9.6 (0.6)
Hebrew semantic fluency* 21.8(7.9) 36.2 (8.7)
Arabic current exposure (%)* 48.5 (21.7) 04 (1.7)
Average Arabic current use (0—10) 6.3 (1.9) -
Overall Arabic current use (0—10) - 0.7 (1.3)
Arabic subjective proficiency (0—10) 9.6 (0.6) -
Overall Arabic subjective proficiency (0—10) - 1.0 (1.3)
Arabic semantic fluency 29.3 (6.7) -

Note. An asterisk marks a significant difference between the two LI groups at the .05 level based on an independent-
sample t test. Current exposure is a self-estimate of the percentage of time, out of 100%, of current exposure to each
language. Current use is the mean score of the self-rated level of current use in speaking, writing, reading, internet,
listening to music/radio, and watching TV/movies, on a scale of 0—the lowest level of use—to |0—the highest level of
use—in each language. Subjective proficiency is the mean score of the self-rated proficiency in speaking, writing, reading,
and spoken language comprehension, on a scale of 0—the lowest level of ability—to |10—the highest level of ability—in each
language. In the L1-Hebrew group, Overall Arabic current use and Overall Arabic subjective proficiency are reported,
because in this group only global ratings were collected to verify that participants do not have significant knowledge in
Arabic. Semantic fluency is the score on a semantic fluency test (Kavé, 2005).

Experiment |: LI-L2 differences
Method

Farticipants. A total of 93 students (ages 18—35; 37 males) with normal or corrected to normal vision
and no learning or hearing disabilities participated in Experiment 1. Of these, 48 were L1-Arabic
speakers who have learned Hebrew as their L2 starting in the third grade. They were relatively profi-
cient in Hebrew and at least partially immersed in a Hebrew-speaking environment at the time of test-
ing, as they were all learning at a Hebrew-speaking university. The remaining 45 participants were
L1-Hebrew speakers with minimal knowledge of Arabic. Five additional participants were excluded
due to learning (n=2) or hearing (n=1) disabilities, because of a technical error during task administra-
tion (n=1), or because of exposure to another language at home (n=1). All participants were also rela-
tively proficient in English as this is a language that is formally learned in Israeli schools. They all
signed an informed consent approving their participation in the current study. Participants’ character-
istics as a function of L1 group (L1-Hebrew/L1-Arabic) are summarized in Table 1 based on their
self-report ratings on a language history questionnaire (a modified version of the LeapQ, Marian et al.,
2007), and on their performance on an objective proficiency measure (semantic fluency test, Kavé,
2005). As seen in Table 1, the two groups differed on age and socio-economic status (SES; as indexed
by maternal education), which were therefore included as covariates in the analyses.

Stimuli
TWs. The critical TWs were 15 Hebrew homonyms (selected from Peleg et al., 2012), which
are words corresponding to two meanings (e.g., the word “75n” /mapa/ which means either
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Table 2. Target word characteristics as a function of target type in Experiment I; M (SD).

Measure Homonyms Controls
Number of items I5 15

Word length (in letters) 3.47 (74) 3.47 (.99)
Word length (in syllables) 2.00 (.85) 2.00 (.76)
Word frequency 36.40 (28.38) 25.47 (29.87)

Note. The two target types did not significantly differ (p <.05) in all four measures based on independent-sample t tests.

Table 3. Examples of critical sentences as a function of target and context type in Experiment I.

Target Context Word Sentence
Homonym Low Hebrew /mapa/ *199 77902 7702 NPIPW 791 1R KXY
constraint DI wnn
English? Map/ | found in the closet a map that | bought on a trip to
translation tablecloth  Spain five years ago.
High Hebrew  /mapa/ T DR W DOWIR TN ORI 197
constraint LNIRT DW 191 193N 7YY
English map Before Waze was invented people navigated the way
translation using a compass and a map of the area.
Control Low Hebrew Ipril 599 19K 27N I PP AN CIRY 2D 992
constraint .120%051 M
English fruit Every time | come home | like to eat a fresh® fruit
translation from the basket. T
High Hebrew Ipril MOPY I P 21D X MO O3 ,MI9NT 1D
constraint RalXeSfatal
English fruit Like the apple, the orange is also a° nutritious fruit
translation that can be picked from trees.

2English translations were never presented during the experiment.
®In Hebrew, the adjective follows the noun, and thus does not create a biasing context.

a map or a tablecloth). Furthermore, for each homonym, an unambiguous control word was
selected (e.g., the word “>75” /pri/ which means a fruit). Control words were matched to homo-
nyms in length (i.e., number of letters and syllables) and frequency (based on HebWaC corpus
via SketchEngine; Kilgariff et al., 2010, 2014). See Table 2 for TW characteristics as a function
of target type. In addition, 15 false cognate words (i.e., Hebrew words that are phonologically
similar to Arabic words but differ in meaning) and their 15 matching control words served as
fillers for current purposes.

Sentences. Two sentences were constructed for each TW (for the homonyms and their matching
controls, as well as for the false cognates and their matching controls that served as fillers), one creat-
ing a highly constraining semantic context and the other creating a neutral semantic context. High
constraint sentences were always biased toward the dominant meaning of the homonyms (determined
based on Peleg et al., 2012). This was initially done to allow comparison with targets in the false
cognate condition. However, these comparisons were eventually considered beyond the scope of the
current study, in which the false cognate items were treated as fillers. In all sentences, at least one
content word appeared before and after the TW. In addition, 20 filler sentences with no ambiguous
words were created to be followed by a corresponding yes/no comprehension question. See Table 3
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Table 4. Sentence characteristics as a function of target and context type in Experiment I; M (SD).

Target Context
High constraint Low constraint
Homonyms
Target predictability* 0.79 (0.21) 0.00 (0.00)
Target location in sentence* 8.73 (1.91) 4.93 (2.25)
Sentence length (number of words)* 10.93 (1.98) 8.47 (1.92)
Sentence length (number of characters)* 57.33 (11.23) 45.13 (9.72)
Controls
Target predictability* 0.75 (0.19) 0.00 (0.00)
Target location in sentence* 9.33 (2.77) 5.47 (2.26)
Sentence length (number of words)* 11.93 (2.58) 8.00 (2.07)
Sentence length (number of characters)* 64.2 (11.52) 43.33 (11.43)

Note. An asterisk marks a significant difference between the two context types at the .05 level based on a repeated
measures analysis of variance with the Bonferroni corrections for multiple comparisons. Importantly, in all measures,
in both the high- and low-constraint contexts, the two target types did not significantly differ based on independent-
sample t tests.

for examples of critical sentences as a function of target and context type and Appendix 1 for the full
set of critical stimuli in Experiment 1.

Semantic context in the high- and low-constraint sentences was determined based on cloze
probability norms collected from a group of 20 native Hebrew speakers, who did not participate in
the main experiment. Two versions of an online questionnaire were created, such that each partici-
pant saw only one version with either the high- or low-constraint sentence for a given TW. Each
sentence was truncated before the TW and was completed by 10 participants. Based on these
norms, word predictability for TWs was significantly higher in the high- than in the low-constraint
context, for both homonyms and controls (see Table 4 for sentence characteristics). Note that high-
and low-constraint sentences, for each target type, differed not only in the predictability of the TW,
but also in length (number of words/characters) as well as in the location of the TW in the sentence.
These factors were therefore included as covariates in the analyses.’

Two versions of the stimuli set were created, such that each included a total of 80 sentences, 30
presenting a high-constraint semantic context, 30 presenting a low-constraint semantic context,
and 20 filler sentences with no ambiguous words, which were followed by a yes/no comprehension
question. Each version included 30 critical sentences with either the homonyms (15) or their
matching controls (15), and 30 sentences with either false cognates (15) or their matching controls
(15) that served as fillers for current purposes (as well as 20 sentences followed by comprehension
questions). These two versions were counterbalanced across participants.

Procedure. L1-Hebrew and L1-Arabic participants were recruited and tested by native Hebrew- or
Arabic-speaking experimenters, respectively, but task instructions were given in Hebrew to all partici-
pants. Participants first completed the SPR task that was followed by a semantic fluency test in Hebrew
and a post-test verifying their familiarity with the two Hebrew meanings of the ambiguous homonyms.
L1-Arabic participants then completed in addition a semantic fluency test in Arabic. Finally, all partici-
pants completed the language history questionnaire (adapted from Marian et al., 2007).

SPR task. Following the typical protocol for the SPR task (e.g., Prior et al., 2017; Tokowicz &
Warren, 2010), participants were instructed to silently read Hebrew sentences, presented word by
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word on the computer screen, and advance through the words at their own pace by pressing a but-
ton. Reading times per word were thus measured by the computer program (E-prime, Psychology
Software Tools, Pittsburgh, PA). On each trial, a fixation cross appeared at the center of the screen
until participants pressed a button, at which point the sentence was presented centrally, one word
at a time, through which participants advanced by button press. The last word of each sentence
appeared with a period to mark the end of the sentence. Following 25% of the sentences (20 filler
sentences), a yes/no comprehension question was presented to verify reading for comprehension.
Four practice sentences preceded the experimental sentences. Participants had the opportunity to
take a short break after 40 sentences, or whenever the fixation cross appeared on the screen.

Semantic fluency test. In this test, participants were asked to produce out loud as many words
as they could within 1 minute, for each of two different semantic categories, within a given lan-
guage (Gollan et al., 2002; Kav¢, 2005). Categories in Hebrew, administered to both L1-Hebrew
and L1-Arabic participants, included (1) fruits and vegetables and (2) vehicles, whereas Arabic
categories, administered only to the L1-Arabic participants, included two different categories—(1)
animals and (2) clothing. Following the category name, a 1-minute hourglass was presented on
the screen to mark the time left for production, and responses were recorded for later coding of
accuracy.

Post-test. To verify participants’ familiarity with the two Hebrew meanings of the homonyms,
all participants were presented with a list of words, in which each of the 15 homonyms was pre-
sented twice, each time with only one meaning, written in English for the L1-Hebrew participants
or in Arabic for the L1-Arabic participants. Participants were to mark unfamiliar Hebrew words
or meanings. In addition, for the L1-Arabic participants, this post-test also included another list of
Hebrew false cognate words not analyzed here.

Analysis approach. To evaluate the influence of previous context on word reading at different points
along the sentence, we analyzed the reading times of the TW, reflecting the immediate influence of
context on lexical processing, the post target word (PTW), reflecting spillover effects on the pro-
cessing of the next word, and the sentence-FW, reflecting wrap-up effects of comprehension pro-
cesses (e.g., semantic integration) that cannot be executed immediately, and thus, are postponed
until the end of the sentence (Just & Carpenter, 1980; Just et al., 1982; Tokowicz & Warren, 2010).
Thus, three separate analyses were performed for these three different reading time measures.

For each analysis, a maximal linear-mixed-effect (LME) model was submitted to the buildmer
function in the “buildmer” package (v. 2.2, Voeten, 2021) in R (v. 4.0.3, R Core Team, 2020),
which uses the /mer function from the “Ilme4” package (v. 1.1.-21, Bates et al., 2014). In these
models, in addition to random intercepts, random slopes justified by the design were included to
account for the possible variability of participants and/or items in their sensitivity to the experi-
mental manipulations (Barr et al., 2013). Starting from the maximal model, and using backward-
fitting model selection procedure, the buildmer function systematically simplifies the random
slopes until convergence, in addition to using likelihood ratio tests, to examine the contribution of
random slopes to the fit of the model (one of the common methods to test model fit; Matuschek
et al., 2017, p. 308). Note that this systematic selection procedure is not based on decisions made
by the researcher and is fully replicable from the data, resulting in a model that is not too complex
to be supported by the data (Bates et al., 2015). In addition, the buildmer function tests the contri-
bution of each fixed effect to the model fit via a chi-square test on the residual sum of squares of
each model. To obtain these estimations, we employed the include=as.formula argument to always
keep the critical fixed effects and interactions in the model.
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The maximal LME model in each analysis included (1) the fixed effects of the control variables:
Age, Maternal Education, Target Location (i.e., the TW number in the sentence), Sentence Length
(i.e., the number of words in the sentence), Word Length (i.e., the number of letters in either the
TW, PTW, or FW), and Word Frequency (of either the TW, PTW, or FW), which were all continu-
ous and normalized; (2) the fixed effects of the variables of interest (dummy coded): Context
(Low/High, with High as the reference), Target Type (Homonym/Control, with Control as the ref-
erence), Group (L1-Hebrew/L1-Arabic, with L1-Arabic as the reference), and the interactions
among them; and (3) the random effects of Participants and Items with by-participant and by-item
intercepts, by-participant slopes for Context and Target Type, and by-item slopes for Context and
Group (see Barr et al., 2013). The selected models for the TW, PTW, and FW analyses are pre-
sented in Table 5.

The selected model in each analysis was refitted using the Imer function, and p-values for all
fixed effects and interactions were determined using the anova function from the “stats” package
(v. 4.0.3, R Core Team, 2020), which calculate a Type III ANOVA table with Satterthwaite’s
method. In addition, interactions and pairwise comparisons were tested using the testInteraction
function from the “phia” package (v. 0.2-1, De Rosario-Martinez, 2015), which computes Chi-
square test with Bonferroni adjustments for multiple comparisons—these are presented in the text.
Model summaries (obtained from the summary function) are presented in Table 5. Note that the
fixed effects presented in this table reflect simple effects (e.g., the coefficient for Context reflects
its effect at the reference level of the other factors, namely, the L1-Arabic group and the Control
targets) rather than main effects collapsing across all levels.

Results

RTs were log transformed, since examination of the RT distribution revealed substantial deviation
from normality, and log transformation was reported to be the best remedy when using the SPR
task, as it generally makes the distribution acceptable for statistical analyses without eliminating or
alternating potentially legitimate data points (Nicklin & Plonsky, 2020). Indeed, log transformation
improved the QQ plot, skew (raw RT=37.03; log RT=0.625), and kurtosis (raw RT=3346.71; log
RT=2.33) of the distribution.

Across all three measures, there was a main effect of Group: TW: F(1)=31.94, p<.001; PTW:
F(1)=35.74, p<.001; FW: F(1)=36.20, p <.001. Namely, the L1-Hebrew participants responded
faster than the L1-Arabic participants, irrespective of the other variables. Critically, within the FW
selected model, the two-way interaction between Group and Context was significant, F(1)=5.09,
p=.02, indicating that there was a significant difference between L1-Arabic and L1-Herbew par-
ticipants in the pattern of response to high- and low-constraining context (Figure 1). However, note
that the simple effects of Context, namely, the RT-difference between High- and Low- constraint
sentences within each level of the L1 Group, did not reach significance either for L1-Herbew par-
ticipants, x*(1)=0.37, p=1.00, or for L1-Arabic participants, x*(1)=3.32, p=.14.

In sum, in Experiment 1, although the difference between the two context conditions did not
reach significance in either group, the significant interaction between Context and Language Group
may suggest differential contextual processing as a function of language background. We return to
this issue in Experiment 2. In addition, in all three models the effect of Target Type was not signifi-
cant, and this factor did not significantly interact with Context, suggesting that lexical ambiguity
had no influence on reading times and did not modulate the context effect, in contrast to our predic-
tion (see Table 5).
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Table 5. The three LME models in Experiment | predicting RTs for the target word, post target word,
and final word. Effect size (b), standard errors (SE), and t value (t).

Fixed effects Target word Post target word Final word
b SE t b SE t b SE t

(Intercept) 630 .04 13951% 633 0.05 12820%% 642 0.05 129.67%%*

Context (low) 0.03 003 078 0.01 0.04 0.34 0.04 0.03 1.09

Group (LI-Hebrew) -034 006 -5.63** -0.32 0.06 -5.18%* —0.33 0.07 —4.89%*

Target Type (Hom) 0.04 0.04 1.08 0.06 0.04 144  —0.03 004 079

Group (LI-Hebrew): Target Type (Hom) -0.02  0.03 -0.58 -0.03 003 -0.86 -0.02 005 -0.43

Context (low): Target Type (Hom) -0.05 005 -1.04 0.0l 0.05 0.28 0.02 0.05 0.37

Context (low): Group (LI-Hebrew) -0.03 0.04 -0.89 -0.02 0.03 -0.64 —0.11 0.04 —2.97**

Context (low): Group (LI-Hebrew): 0.06  0.05 1.22 -0.01 005 -0.22 0.09 0.06 1.69~

Target Type (Hom)

Control variables b SE t b SE t b SE t

Word length 0.02 0.0l 3.15%* 0.05 001 4.76%* 0.05 0.0l 4.70%+*

Random effects Variance SD Variance sb Variance sD

Participant (intercept) 0.07 0.26 0.08 0.28 0.08 0.28
Context (low) 0.01 0.09 - - - -

Item (intercept) 0.00 0.07 0.0l 0.09 0.0l 0.08
Context (low) 0.01 0.08 0.0l 0.10 0.0l 0.09
Group (LI-Hebrew) - - - - 0.01 0.08
Residual 0.10 0.31 0.10 0.31 0.11 0.34

Note. Fixed effects reflect simple effects relative to the reference level, when other factors are at their reference level,
without correction for multiple comparisons. For main effects see F values in the text.
Sig. codes. 0 “¥*¥7.0.001 “**” 0.01 “*” 0.05 “~" 0.1.

Experiment 2: the influence of L2-availability and age on context
effect in the L2

Experiment 1 compared L1 and L2 processing and revealed potential differences in contextual
processing between the two language groups. However, as the context effect did not reach signifi-
cance in either group, it is possible that within-group variability obscured this effect, especially for
L2 readers. Indeed, as is evident in Table 1, L1-Arabic participants varied greatly in their patterns
of L2 proficiency and use. As alluded to above, readers who are exposed to and use the L2 less
often than others, may have reduced access to L2 lexical representations. As such, they may rely
on contextual support to a greater extent than those with higher L2 accessibility. Alternatively,
individuals with higher L2 experience may have more cognitive resources available to allocate to
the demanding process of reliance on context.

Therefore, Experiment 2 adopted a complementary approach of testing L2 variability as a con-
tinuous factor. To this end, we tested a considerably larger sample of L2 readers, which increased
the variability among participants relative to Experiment 1. This sampling approach also increased
variability in participants’ age, which may also modulate reliance on contextual support. Therefore,
Experiment 2 allowed examination of whether L2 availability and age could explain contextual
sensitivity in L2 reading.
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Figure 1. Estimated context effect by group in the final word analysis of Experiment |.

Note. Estimated Context Effect is the difference in the estimated marginal mean RTs (ms) between Low- and High-
constraint sentences. Error bars mark SE.

*p<.05.

Method

Farticipants. A total of 131 participants (ages 16—72; 0 males) with normal or corrected to normal
vision and no learning or hearing disabilities took part in Experiment 2. They were all native Arabic
speakers who have learned Hebrew as their L2 but varied in age and in their Hebrew experience. They
were recruited by native Arabic speakers from Arabic-speaking communities, with no restriction on
the gender of the recruited participants. This rather heterogeneous sample was selected as such to
increase variability in L2 availability and age, as well as to increase ecological validity and avoid reli-
ance on WEIRD samples only (Henrich et al., 2010). Seven additional participants were excluded due
to learning disabilities (n=5) or due to missing data (i.e., semantic fluency scores in Arabic and
Hebrew; n=2). All participants signed an informed consent approving their participation in the study.
Participants’ characteristics are summarized in Table 6 based on their self-report ratings on a language
history questionnaire (a modified version of the LeapQ, Marian et al., 2007) and on their performance
in the L1-Arabic and L2-Hebrew objective proficiency measures (i.c., semantic fluency test, Kavé,
2005). To control for potential differences in L1 verbal abilities within this sample of Arabic-Hebrew
bilinguals, the semantic fluency score in the L1-Arabic was included as a covariate in the analyses.

Stimuli
TWs. The critical TWs were similar to those used in Experiment 1, except that 2 homonyms and
1 control word were replaced because they partially overlapped phonologically across languages



Norman and Degani 15

Table 6. Participants’ characteristics in Experiment 2; M (SD).

Measures

N 131

Males/females 0/131

Age (in years) 28.8 (15.8)

Education (in years) 13.9 (2.7)

Maternal education (in years) 11.9 (4.6)

Language Arabic (LI) Hebrew (L2)
Age of acquisition (in years)* 0 (0) 7.2 (2.0)
Current exposure (%)* 60.1 (17.5) 36.9 (21.0)
Current use (0—10)* 6.1 (1.9 54 (2.2)
Subjective proficiency (0—10)* 9.3 (1.1) 8.3 (1.6)
Semantic fluency* 31.5(7.5) 204 (6.7)

Note. An asterisk marks a significant difference between the two languages at the .05 level based on a paired-sample t
test. See the note in Table | for details on what each measure represents.

Table 7. Target word characteristics as a function of target type in Experiment 2; M (SD).

Measure Homonyms Controls
Number of items 18 36

Word length (in letters) 3.72 (1.02) 3.58 (0.91)
Word length (in syllables) 2.22 (0.81) 2.08 (0.77)
Word frequency 26.94 (15.40) 27.95 (34.06)

Note. The two target types did not significantly differ in all four measures based on independent-sample t tests. As in
Experiment |, frequency estimates were calculated based on HebWaC corpus via SketchEngine (Kilgarriff et al., 2010,
2014).

(i.e., could be considered Hebrew—Arabic cognates), and an additional 3 homonyms and 3 control
words were added, resulting in 18 homonyms and 18 unambiguous controls that were matched in
length and frequency to the set of homonyms, as in Experiment 1. In addition, 18 false cognate
words served as fillers for current purposes, and their 18 control words served as additional control
words, since they were also matched in length and frequency to the current set of homonyms. See
Table 7 for TW characteristics as a function of target type.

Sentences. As in Experiment 1, two sentences were constructed for each TW, one creating a
highly constraining semantic context and the other creating a neutral semantic context. Some of
the sentences were identical to those used in Experiment 1, some were slightly changed, and some
were new. These were constructed similarly to the sentences in Experiment 1. In all sentences, at
least two content words appeared before and after the TW. In addition, 24 filler sentences with no
ambiguous words were used to be followed by a corresponding yes/no comprehension question.
See Table 3 for examples of critical sentences as a function of target and context type and Appendix
2 for the full set of critical stimuli in Experiment 2.

As in Experiment 1, semantic context in the high- and low-constraint sentences was determined
based on cloze probability norms, collected from a new group of 20 native Hebrew speakers, who
did not participate in the main experiment. Based on these norms, word predictability for TWs was
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Table 8. Sentence characteristics as a function of target and context type in Experiment 2; M (SD).

Target Context
High constraint Low constraint
Homonyms
Target predictability* 0.89 (0.32) 0.00 (0.00)
Target location in sentence* 7.61 (1.94) 6.06 (2.13)
Sentence length (number of words) 10.78 (1.77) 10.17 (1.95)
Sentence length (number of characters) 56.11 (10.31) 54.78 (9.77)
Controls
Target predictability* 0.80 (0.41) 0.00 (0.00)
Target location in sentence* 8.36 (2.61) 5.36 (1.81)
Sentence length (number of words) 10.81 (2.36) 10.03 (1.46)
Sentence length (number of characters)* 59.53 (12.17) 54.72 (6.98)

Note. An asterisk marks a significant difference between the two context types at the .05 level based on a repeated
measures ANOVA with the Bonferroni corrections for multiple comparisons. Importantly, in all measures, in both the
high- and low-constraint contexts, the two target types did not significantly differ based on independent-sample t tests.

significantly higher in the high- than in the low-constraint context for both homonyms and controls
(see Table 8 for sentence characteristics). Note that high- and low-constraint sentences, for each
target type, differed not only in the predictability of TWs, but also in length (number of words/
characters), as well as in the location of the TW in the sentence. Therefore, these factors were
included as covariates in the analyses.?

Two versions of the stimuli set were created, such that each included a total of 96 sentences, 36
presenting a high-constraint semantic context, 36 presenting a low-constraint semantic context,
and 24 filler sentences with no ambiguous words, which were followed by a yes/no comprehension
question. Each version included 54 critical sentences with either homonyms (18) or their matching
controls (36) and 18 sentences with false cognates that served as fillers for current purposes. These
two versions were counterbalanced across participants.

Procedure. The procedure was identical to the one employed in Experiment 1.

Analysis approach

L2 profile and age. Experiment 2 focused on the influence of participants’ L2 profile and age
on the effects of context in the L2. Based on the distribution of age, we first created a categorical
variable of Age Group (Younger=16-35; Older=58-72), which resulted in 108 Younger partici-
pants and 23 Older participants. Then, we examined the Pearson correlations among the 5 different
L2-Hebrew measures that were collected. These included AoA, Current exposure (self-estimate
of the percentage of time, out of 100%, of current exposure to each language); Current use (mean
score of the self-rated level of current use in speaking, writing, reading, internet, listening to music/
radio, and watching TV/movies, on a scale of 0—the lowest level of use—to 10—the highest level
of use—in each language); Subjective proficiency (mean score of the self-rated proficiency in
speaking, writing, reading, and spoken language comprehension, on a scale of 0—the lowest level
of ability—to 10—the highest level of ability—in each language); and Semantic Fluency (the score
in a semantic fluency test; Kavé, 2005). As seen in Table 9, there were substantial correlations
across the five measures.
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Table 9. Pearson correlations among the L2-Hebrew measures.

L2 measures I 2 3 4 5
| Hebrew AocA -
2 Hebrew current exposure -.07 -
3 Hebrew current use —-16 35%F -
4 Hebrew subjective proficiency —21* 39%F A49%F -
5 Hebrew semantic fluency -17 .18*% 24%F 35%k -

Sig. codes. 0 “**¥7.0.001 “*¥” 0.01 “*” 0.05.

Table 10. Loadings of the collected L2 measures on the L2-Availability Factor based on a PCA.

L2-Hebrew measures Loadings
AocA -39
Current exposure .64
Current use 74
Subjective proficiency 8l
Semantic fluency .58
Unique variance explained (%) 42

Note. PCA: principal component analysis; AoA: age of acquisition.

Thus, to capture shared variance among the predictors in order to better represent bilingual
experience, we applied a principal component analysis (PCA) to the data. Indeed, the Kaiser—
Meyer—Olkin measure of sampling adequacy of 0.72 and Bartlett’s test of sphericity (p <.001)
indicated that the predictors were highly correlated, suggesting that a PCA was warranted for this
dataset. We extracted factors with eigenvalues over 1, resulting in one factor, cumulatively captur-
ing 42% of the variance in the original predictors. Thus, all five L2 measures loaded on a single
factor, which was termed the L2-Availability Factor. Table 10 presents the results of the PCA,
including the L2-Availability Factor loadings and the percentage of unique variance explained by
this factor.

Analysis protocol. As in Experiment 1, three separate analyses were performed for the TW, PTW,
and FW reading measures. For each analysis, a maximal model of fixed and random effects was
submitted to the buildmer function in the buildmer package (v. 2.2, Voeten, 2021) in R (version
4.0.3, R Core Team, 2020), which uses the /mer function from the /me4 package (v. 1.1.-21, Bates
et al., 2014). The maximal LME model in each analysis included (1) the fixed effects of the con-
trol variables: L1-Arabic Semantic Fluency (to control for potential differences in participants’
L1 verbal abilities), Target Location (i.e., the TW number in the sentence), Sentence Length (i.e.,
the number of words in the sentence), Word Length (i.c., the number of letters in either the TW,
PTW, or FW), and Word Frequency (of either the TW, PTW, or FW), which were all continu-
ous and normalized; (2) the fixed effects of the variables of interest* (dummy coded): Context
(Low/High, with High as the reference), Age Group (Younger/Older, with Older as the refer-
ence), L2-Availability Factor (continuous, centered with a mean of 0 as the reference), as well
as the interactions among Context and the two predictors: Age Group and L2-Availability Factor
(all of which were included in the final models using the include=as.function argument to allow
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estimation of their contribution); (3) the random effects of Participants and Items with by-partici-
pant and by-item intercepts, by-participant slopes for Context, and by-item slopes for Context, Age
Group, L2-Availability Factor, as well as for the interactions between Context and the predictors:
Age Group and L2-Availability Factor. The selected models for the TW, PTW, and FW analyses
are presented in Table 11.

Finally, as in Experiment 1, the selected model in each analysis was refitted using the /mer func-
tion, and p-values for all fixed effects and interactions were determined using the anova function
from the stats package (v. 4.0.3, R Core Team, 2020). Furthermore, interactions and pairwise com-
parisons were tested using the festInteraction function from the phia package (v. 0.2-1, De Rosario-
Martinez, 2015) and the emmeans function from the emmeans package (v. 1.7.1-1, Russell, 2021).
These are presented in the text. In addition, model summaries (obtained from the summary func-
tion) are presented in Table 11. Note that the fixed effects presented in Table 11 reflect simple
effects (e.g., the coefficient for Context reflects its effect at the reference level of the other factors,
namely, the Older group, and the mean score of the L2-Availability Factor) rather than the main
effects collapsing across all levels.

Results

As in Experiment 1, RTs were log transformed since examination of the RT distribution revealed
substantial deviation from normality and log transformation of the raw RT improved the QQ plot,
skew (raw RT=42.23; log RT=0.73), and kurtosis (raw RT=3680.15; log RT=3.93) of the
distribution.

Across all three measures, there was a main effect of the L2-Availability Factor: TW:
F(1)=54.99, p<.001; PTW: F(1)=57.35, p<.001; FW: F(1)=57.58, p<.001. Namely, partici-
pants with higher L.2-Availabilty scores responded faster than participants with lower scores, irre-
spective of the other variables. In addition, there was a main effect of Age Group, TW: F(1)=9.82,
p=.002; PTW: F(1)=12.44, p<.001; FW: F(1)=16.85, p<.001, such that younger participants
responded faster than older ones, irrespective of the other variables.

Importantly, in the TW analysis, the two-way interaction between the L2-Availability Factor
and Context was significant, F(1)=4.34, p=.04. Thus, the difference between High and Low con-
straint contexts was modulated by individual differences in L2-availability score. As seen in Figure
2, having lower L2-availability scores resulted in faster responses for High than for Low constraint
sentences, whereas having higher L2-availability scores led to the opposite pattern. However, the
simple effects of Context, namely, the difference between High and Low constraint sentences in
each level of L2-availability, was not significant for both low scores (e.g., 2 SDs below the mean
score: Z=-1.10, p=.27) and high scores (e.g., 2 SDs above the mean score: Z=1.71, p=.09).

Furthermore, in the FW analysis, the two-way interaction between the L2-Availability Factor
and Context was also significant, F(1)=4.44, p=.03. Thus, similar to the TW analysis, the differ-
ence between High and Low constraint contexts was modulated by individual differences in
L2-availability score. As seen in Figure 3, having higher L2-availability scores resulted in faster
responses for High- than for Low-constraint sentences, yet having lower L2-availability scores led
to the opposite pattern. However, the simple effects of Context, namely, the difference between
High- and Low-constraint sentences in each level of L2-availability, was not significant for both
low scores (e.g., 2 SDs below the M score: Z=1.47, p=.14) and high scores (e.g., 2 SDs above the
M score: Z=-1.49, p=.14).

In addition, the two-way interaction between Age Group and Context was significant, F(1)=4.24,
p=.04, indicating that there was a significant difference between Older and Younger participants
in the pattern of response to the two Context conditions (see Figure 4). However, the simple effects
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Figure 2. Estimated marginal mean RTs by L2-availability factor and context in the target word analysis of

Experiment 2.
Note. Shaded areas mark SE.
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Figure 3. Estimated marginal mean RTs by L2-availability factor and context in the final word analysis of

Experiment 2.
Note. Shaded areas mark SE.

of Context, namely, the difference between High- and Low-constraint sentences in each level of
Age Group did not reach significance for either Younger participants, y*(1)=1.99, p=.32, or Older
participants, x*(1)=0.83, p=.72.
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Figure 4. Estimated context effect by age group in the final word analysis of Experiment 2.

Note. Estimated Context Effect is the difference in the estimated marginal mean RTs (ms) between Low- and High-
constraint sentences. Error bars mark SE.

*p<.05.

In sum, in Experiment 2, the effect of context again did not reach significance in any of the read-
ing measures (TW, PTW, and FW). Nonetheless, in both the TW and FW, the sensitivity to high-
and low-constraint contexts was modulated by the L2-Availability Factor, however, in opposite
directions (as indexed by the opposing slope signs in the two regions, see Table 11). In the TW,
semantic context appears to have benefited participants with lower scores of L2-Availability
Factor. However, in the FW, semantic context seems to have benefited participants with higher
scores of L2-Availability Factor. In addition, in the FW, contextual sensitivity was also modulated
by Age Group, such that the facilitative effect of high constraint sentences was numerically evident
only among Older participants. Note that none of the simple effects tests within each level of the
Age Group or the =2 SD L2 Availability Factor reached significance.

General discussion

In two experiments we examined whether Hebrew readers use contextual semantic information to
facilitate the processing of ambiguous (i.e., homonyms) and unambiguous TWs embedded in sen-
tences. Using the SPR task, participants read Hebrew sentences, in which an ambiguous or unam-
biguous TW was preceded by either a highly constraining context or a neutral context. Reading
times at three different points along the sentence (i.e., TW, PTW, and FW) were analyzed in order
to reveal the influence of previous semantic context on sentence reading across time. In Experiment
1, we compared L1 and L2 Hebrew readers, whereas in Experiment 2 we focused on L2 Hebrew
readers and examined the influence of L2 availability and age on L2 reading behavior.
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Experiment 1 revealed that L2 readers were slower than L1 readers across all three reading time
measures, indicating that L2 reading was more effortful than L1 reading. More importantly, L1 and
L2 readers demonstrated significantly different reading behavior, as indicated by the significant
Context by Group interaction. Examination of the pattern of reading times may suggest that L2
readers used contextual support more than L1 readers. As this difference emerged only on the FW
of the sentence, it may have resulted from the involvement of integration differences, rather than
from differences on purely predictive processes. Critically, the difference between high- and low-
constraint sentences was not significant in either group. Two possible explanations may underlie
the lack of this context effect—stimulus variability and participant variability.

With respect to stimulus variability, because the study design in both experiments was such that
different sentences were used in the low- and high-constraint contexts, possible variations among
the sentences in these two context conditions may have influenced sentence processing, especially
by modulating wrap-up effects in the FW. To control for these potential modulations, target fre-
quency and location within the sentence as well as the sentence length and syntactic complexity
were taken into account in the statistical analyses. However, other factors such as the mean fre-
quency and predictability of words in each sentence, or in the TWP, were not accounted for (see
also Mor & Prior, 2022). This was the case since the limited availability of normative data in
Hebrew have reduced our ability to adequately account for such sentence variance (for discussion,
see Tokowicz & Degani, 2021). With such understudied languages, a complementary approach by
which the same sentence is used with different TWs (e.g., Frisson et al., 2017) may provide a better
remedy for potentially uncontrolled sentence differences in future work.

With respect to participant variability, although Experiment 1 contrasted two groups which differ
in their language profile, heterogeneity within the L2 group may have increased within-group vari-
ance. We reasoned that L1-Arabic participants who are exposed to Hebrew on a regular basis and
use it more often may resemble the L1-Heberw group in reading behavior (Norman et al., 2016),
because of greater accessibility to the L2-Hebrew. In contrast, those L2 readers who are less profi-
cient in Hebrew and use it less often, may rely more strongly on contextual cues as a compensatory
cognitive mechanism that reduces reading effort (Stanovich, 1980, 1984). As such, the critical dif-
ference may not lie between L1 and L2 readers per se but may be linked to language accessibility as
a continuous dimension. Indeed, in a picture naming task, Gollan et al. (2011) showed that less
proficient Dutch—English bilinguals (L2), but not highly proficient Spanish—English bilinguals (L2),
benefited more from high-constraint context than did English monolinguals (L1), suggesting that it
is the reduced proficiency in the L2 that might lead to greater reliance on context.

Experiment 2 was specifically designed to examine this possibility by focusing on L2 readers
and testing a wider and more variable group of participants, in order to examine the influence of a
continuous L2 availability score and age on context effects in the L2. This experiment revealed that
across all three reading time measures, L2 readers with low L2 availability exhibited slower read-
ing times than readers with high L2 availability. Furthermore, older adults exhibited slower reading
times than younger adults, suggesting that L2 reading is more effortful when the L2 is less availa-
ble and when readers are older. More importantly, these two factors significantly modulated par-
ticipants’ L2 reading behavior in the two context conditions.

First, with respect to the modulation of L2 availability, participants with lower L2 availability
score seem to benefit from constraining context earlier along the sentence (i.e., when processing
the TW). Participants with higher L2 availability, however, were influenced by previous context
later along the sentence (i.e., when processing the FW of the sentence; see Figures 2 and 3). In both
cases, the sensitivity to previous context was clearly modulated by L2 availability, as indicated by
the significant interaction between the L2 Availability Factor and Context, but the difference
between the two context conditions was not significant for both low (2 SDs below the mean score)
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and high (2 SDs above the mean score) scores of L2 availability. This lack of a significant context
effect is assumingly due to our attempt to sample a heterogeneous group of Arabic—Hebrew bilin-
guals that resulted in less statistical power. Thus, the current pattern of result can serve only as
suggestive evidence that as the availability of the L2 decreases, previous context may influence
word reading earlier along the sentence.

Moreover, as opposed to measures capturing a specific aspect of variability in the L2 (i.e., word
knowledge, single word reading fluency, exposure percentage) as considered in previous studies
(Mor & Prior, 2021; Whitford & Titone, 2017), it seems that the L2-Availability Factor used in the
current study, which captured a wider range of L2 characteristics (i.e., AOA, current exposure, cur-
rent use, subjective proficiency, semantic fluency), is more suitable to explain variability among
L2 readers in the tendency to use contextual information to facilitate online sentence reading.
Indeed, as Mor and Prior (2022) have previously suggested, it appears that this tendency may relate
to several aspects of language experience and abilities, and thus, cannot be explained by lexical
proficiency measures alone.

Examination of the results across the two experiments revealed that in Experiment 1 the sensitiv-
ity to previous context was modulated by language background (i.e., L1 vs. L2) only at the end of
the sentence, whereas in Experiment 2, context sensitivity was modulated by language background
(i.e., L2 availability measure), either earlier along the sentence for participants with lower L2 avail-
ability, or at the end of the sentence for participants with higher L2 availability, similar to the results
of Experiment 1. Thus, the group of Arabic—Hebrew bilinguals in Experiment 1 may be more simi-
lar to the group of the Arabic—Hebrew bilinguals with the higher L2 availability in Experiment 2, in
terms of their reading behavior, because both groups exhibited sensitivity to previous context on
sentence’s FW. Conversely, Arabic—Hebrew bilinguals with lower L2 availability in Experiment 2
were more sensitive to contextual information earlier along the sentence, on the TW.

To further investigate these differences in reading behavior, we performed a median split on the
L2 availability scores of participants in Experiment 2, creating two groups of participants with low-
and high- L2 availability, and compared them with the participants in the L1-Arabic (L2-Hebrew)
group of Experiment 1, in terms of their collected L2-Hebrew measures (see Appendix 4). Participants
in the high L2 availability group (Experiment 2) had a comparable mean rating of current Hebrew use
and Hebrew semantic fluency to that of participants in the L2-Hebrew group (Experiment 1).
However, participants in the high L2 availability group (Experiment 2) had started to acquire Hebrew
earlier and had greater current exposure to Hebrew than participants in the L2-Hebrew group
(Experiment 1). Thus, the fact that participants in the L2-Hebrew group (Experiment 1) and in the
high L2 availability group (Experiment 2) exhibited the same pattern of context effects and were
comparable only in their mean rating of current Hebrew use and in the semantic fluency score, but
not in AoA and current exposure, suggests that perhaps current use and fluency may be the more criti-
cal predictors in explaining context effects in the L2. Future studies will explore to what extent vari-
ability in L2 fluency and current use indeed consistently affect the balance between top—down
(contextual) and bottom—up (lexical and sublexical) reading processes in the L2.

The second finding in Experiment 2 was that age significantly modulated the sensitivity to con-
text, as indicated by the significant interaction between Context and Age Group. This finding sug-
gests that older and younger adults significantly differed in the way they processed high- and
low-constraint sentences. However, when examined within each group separately, the difference
between high and low constraining context did not reach significance. Nevertheless, the direction
of the effects observed in the current findings raise the possibility that older adults tend to benefit
more from constraining context than younger adults. While this possibility needs to be verified in
future studies, it is in line with previous L1 studies that have demonstrated stronger context effects
in older, relative to younger adults (Choi et al., 2017; Rayner et al., 2006; Zhao et al., 2019, 2021),
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as well as with a compensatory processing account, according to which older adults tend to com-
pensate for slower lexical processing by making greater use of contextual cues.

Of note, in both studies, individuals who were characterized by slower reading times were those
who were more likely to exhibit context sensitivity. Thus, it could be argued that slower processing
per se allows for context-dependent effects to emerge, and that there is no need to postulate the
involvement of compensatory mechanisms. However, if this was the case, then one would expect
a similar direction of the context effect across individuals with slower and faster processing.
Examination of the pattern exhibited across Figures 1 and 4 in the current study indicate a qualita-
tive difference, in that those individuals who processed the sentences more quickly patterned in the
opposite direction than those who processed the sentences more slowly, with no indication toward
context-based facilitation. Thus, it is more likely that individuals with slower reading engage in
compensatory mechanisms that allow them to tip the balance toward reliance on context to com-
pensate for the slower and more effortful bottom—up (lexical) process. Future studies in which
effort measures are taken into account may be revealing on this issue.

Finally, as opposed to previous L1 and L2 studies (e.g., Duffy et al., 1988, L1; Elston-Giittler &
Friederici, 2005, 2007), in the current study we did not find an effect of lexical ambiguity, in both
languages. Namely, both L1 and L2 sentence reading were not influenced by whether TWs con-
sisted of one or two possible meanings. In addition, although we expected that processing of
ambiguous words would benefit more from constraining context than processing of unambiguous
words, lexical ambiguity did not modulate the sensitivity to context. One possible reason could be
that both Hebrew and Arabic consist of a relatively high rate of ambiguous heterophonic homo-
graphs (i.e., words that are written the same but pronounced differently) due to the unique charac-
teristics of their writing systems, which do not convey the complete phonological form of words
(Abu-Rabia, 2001; Frost & Bentin, 1992). Therefore, both L1-Herbew readers and L2-Hebrew
readers whose L1 is Arabic (which is similar to Hebrew in this respect), are highly experienced in
dealing with lexical ambiguity, and thus, do not show the expected sensitivity to lexical ambiguity.
At the same time, it is also possible that frequency dominance of the selected homonyms affected
the observed pattern. Specifically, the high-constraint sentences in the current study were biased
toward the dominant meaning of the homonyms that already had a frequency advantage in activa-
tion, regardless of context. Thus, under these conditions the effect of lexical ambiguity was elimi-
nated. Therefore, the ambiguity manipulation employed in the current study did not strengthen the
effects of context, but L2 availability and age still appear to modulate context sensitivity.

To conclude, the results of the current study suggest that when the language is less available due
to lower use, exposure, and proficiency (i.e., L2 users), or when reading performance decline as a
result of aging processes, readers are more likely to make use of previous context to enhance sentence
processing. Furthermore, they suggest that as the availability of a language decreases, readers may
use contextual information earlier along the sentence. However, previous studies have shown that L1
readers, which presumably have the highest levels of language availability, use context earlier along
the sentence, in comparison to L2 readers (Elston-Giittler & Friederici, 2005, 2007). Thus, the rela-
tion between language availability and the use of context may be nonlinear, and this issue requires
additional work. Finally, consistent with the interactive-compensatory model the evidence presented
in this paper points toward the role of compensatory reliance on context, as evident in both L2 readers
and older adults. Notably, however, as the effects of context were not significant when examined
within each group separately, more research is needed for stronger conclusions to be made.

Furthermore, as natural language processing typically unfolds in context, the way in which dif-
ferent individuals can capitalize on such contextual support may help explain individual differences
in reading and language comprehension. Moreover, the current study fits with the growing under-
standing that language background characteristics may affect individuals’ reading (Nisbet et al.,
2021), and suggest that these influences may include the way in which different individuals utilize



Norman and Degani 25

context. Future studies in which additional modulating factors are examined would facilitate a fuller
understanding of the factors that determine individual performance in linguistic tasks.
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Notes

1. Note that these L1 studies often did not specify participants’ language profile. Therefore, it is unclear
whether participants in these studies were monolinguals using their native language or whether they had
knowledge in other languages, deeming this the L1 of multilingual speakers, which may have resulted in
distinct processing.

2. Further examination of the current set of sentences revealed that the high- and low-constraint sentences
significantly differ (p <.05) also in syntactic complexity as reflected by the number of clauses per sen-
tence—commonly used measure for evaluating syntactic complexity (Jagaiah et al., 2020), but only for
control sentences (High: M=2.33, SD=0.18; Low: M=1.47, SD=0.13). In addition, control and homo-
nym sentences significantly differ based on this measure only in the high-constraint context. Nevertheless,
including this syntactic complexity measure in the statistical analyses did not result in a significant effect,
and as such this variable was not selected by the buildmer function (see the analysis approach in the
“Result” section). Thus, the pattern of results reflected in the selected model did not change.

3. Examination of the sentences in terms of syntactic complexity (number of clauses per sentence, Jagaiah
etal.,2020) revealed that high- and low-constraint sentences significantly differ (p <<.05) also in this meas-
ure, but only for control sentences (High: M=2.06, SD=0.12; Low: M=1.70, SD=0.13). Nevertheless,
including this syntactic complexity measure in the statistical analyses as a control variable did not result
in a significant effect, and as such it was not retained by the buildmer function (see the analysis approach
in the “Result” section). Accordingly, the pattern reflected by the selected final model did not change.

4. Note that we decided to exclude the Target Type factor from the maximal model submitted to the build-
mer function, based on the results of Experiment 1 (see Table 5) and on preliminary analyses of the data
(see Appendix 3), in which the Target Type factor was not significant and did not significantly interact
with any of the other variables of interest. This was done to preserve statistical power.
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Appendix |

List of critical stimuli used in Experiment |

Ambiguous homonyms.

Target word Context type Sentence
mR Low LTMPRY NUPIAY AT MR DR WA
High .JR0 MIRT TR T 00 NRW 79D 00T°0
b Low P12 IR 25W3A IR BOAR YOI IR TR 9D
High T2 DORNNAT 9OAR YIRWD W RIXFT? DN TR RAK
zan Low .07 P°Y2 NADMAW 707N PYY TTAT 07
High MIXM2Y 2w XIM P11 XIPI PR 91 w97 TIina
nnn Low IR12P7 PONNWA T2 AR 1207 AwOAN CIR
High .27 27977 NRIPY AARA NIRWI PIR 77702 219 YW 0102 995 1172
Prighhy Low MIM2 NP2 932 ma NYapn SR ANIART I0PNa
High NV M0 AT OV RN N0 1991 9 0 NP W 3 1hn
nm Low JUP T AP0V PNYPW MNNT 027 YW 19102
High .77 2w M7 911 D03 TOB U R P72 K1 POV M DTRY *107
falrib) Low J2 W 21D 71D KT 190 NIP AT DYV 9IN0R CIRW 0727 TN
High DWATIA DTN RIS WY DD A% YHY MANRA 77700 2w oW anva
nx Low .NADMBN NIAT DW AR DY 720D SNRIP WM N9hN2
High JJOR AIRY DPAR DWW W RPRY
a3y Low VTR MIPY2 AW 20 A%Y YW Mwa 07 v
High APM 0NN 33V DW DY AN Hw YA w1 oI 930
Y Low .N°277 N2 970 100w R w0 AT
High 2073 KD W DY ROR Y 5V 00973 KD 010w v mon
7om Low DOIW WA 2197 77902 9102 NIpWw 5 11IRA NRXD
High CNIRT DW D! 19X7 077 Y TAT DRI DOWIR T DR RXAAY 2109
isan] Low DWOT DONNWA YW T X7 011702 NIDXY N2MR NIND MIRW 27277 TR
High D9 AR NYopNn 2D 93 7102 09K N1IoIN2
X Low 10 71X 92pR CIRWI AR WOAM TR0 IR
High NN W 1IN ARIAT KT X7 MNNA 0107 W02 YR WX
1070 Low DXAINGD TNRW U WO RN2A0OW 9932
High AR M2 MR R MPY 112207 I8 90%:32 77vn Ny
[eplo} Low 22 °0°3°7 72 93w ¥IB YD1 LINLIKRT INNA
High TR TN TN BB AMONNW ¥ IPOINT DD X M 73

(Continued)
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Unambiguous controls.

Target word

Context type

Sentence

kb
Al
a1
fphbl
27
abYlota)
nxp
™2
nawm
N7
anw
iyl
i
on

00

Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High

.12090:77 20 3D 21OKD 2MIN PIR 1027 NN CIRY oY D02

DXV MOPY JN°IW P 1D R 1IDN O3 ,MON 1

ORI NPT DNING PRI RWIA 73T ANOWRa 73 W NINa

P27 7P 99915 00 PRI DO ARRTI T 1RV AT CNINRY INR 10IRY 2Nl
.P7712m1 AW BAR NI YHW 31207 oY 117IPR N9 A1Wa M0 MaTpna oy
.DORNNAY DIOR BAR XOR TMIND H¥1 IR D710 217 K7D KD ,0WA 7w A2
PPWPoOn TN a2 25WH DTN CIN

NP0 17X 77232 K17 2901 DY 23R 97

.0°9° 29710 MY D MIPY NLONa 1991 ,27P00 ORI

LWIRMY TAMI MY T OOW D°2WIN TR T 923 DR DKW

SPIW WA AAReRa DY 19772 11207 DN

STAPW WA ARSI MWK 7AW I IR7W0 YOARK 21X NP0 11723
PP NXPY TXA ARP QY 9P PRI AWR22 TWON

L2111 LYMY D122 AP 7277 12X XYW NI DY 77X 0N 0102 7702 D W
TN 90 W TAR 127X RY I,

.0°9390 DOYIN O° 7A2 OOWwA o) 2w

SNRITW 7RI NAMAT DR NTR NI 9103

.DWPR? VI NAM2 WHNWw? A9°TYR YIXY 727 wATNAY 0°937 NNY NiY20 Y PR
NPPOW NYI0INT MIAPYA DRIV INRITA 710K KD 737

JNARY DRI IRIT2 M2 MPPN 9932 112 YOR WOAT XY 22anonn.

MDY NIDWwAR R AW DYTY *IN

NRDMNMY 77201 MDY RO AR DRI 022 NPI7PA 71297 IDXIW 190 KA
P2 07PN aRWY WA 0IW CNYRY.

PIWNA INRT 2PH MBYY YY1V piwna KXW 12w 1R TR

N7 avh 730nD "1 0 ANIp INR

L7292 TR 1 M7 I T PR Y RAR TWONT I 12 PUYOK YW TN ov2

.TN0M N2712 9 YW DO 2OAI0 RIXNT WK

12991 20 92 ROANT 101 TYR WRD 0°7 70 9 2322 PIONT MW 12 012
X991 DWpn RO BRI, ONYT 999

1277 MR DWAWAY IS0 R)T AYO0I2°1IR 12 TINPD N Upwa 2R
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Appendix 2

List of critical stimuli used in Experiment 2

Ambiguous homonyms.

Target word Context type Sentence
mX Low .NUDI2Y AR W MR DRI LA
High IDY Y TANR P TR0 MIRT TV I 22 IR TIN90 2210 np1h
nx Low JPOAIRD DL OHW AR DOIW WY TIVA 2109w 9 779917 HW KRR
High DI WA IR VYW TR AR DPAR DWW W RRRY
anTn Low PPN 13077 PW AT MWOR2 17 2730 MR X? MmN bwa
High TMRR PR AT 0L DOTTVANR CIWK 17791 MTIWT YW poa
haighhy Low SN0 AWRA 2AWAT DY IR M2A7 TR ATORNT 700
High AW ERPA BY aman 10% Wy 1100 nan2
nbwn Low NP LAY 270 1727 2197 ARk MWYY 2Wn 2nvoh
High PPN 070 abwn 0OPONT DUWOWwRY YA 009 10NN Wanwa w1 jnana
550 Low AT TNR 79703 1190 P2 0IpR 10D 1MIPW W 1900
High ORI MNTD DR DD R L 9ER XIPI 270w 0°01 172 0P amen
pahla) Low JJ02 °2RDY Y% M RO LDRTT Maaa v O awpw 71207 CNnR
High 700D HW NTMYR I OY WOAT QW NTYona
nxn Low A0IP7 N2INT ARIRT QW DR 101D MWIAT NNTAN R L2792 20K
High MAANT 2w D17 ARIRT R X0 MANN2 2P0 R0 WA NWRIT
a>la) Low JTWIA NYAT2 R 910 IRIPY A9 DX P°NY SN0IDM TNYOp
High SIRA DW DI 19X 0T DY 7177 DR 0TI DOWIR PN DR INRDIY 2197
nnn Low X3P PONNWA 12 AR 7207 WA IR
High .0NOAW 1971 AR X°W1 VIO DX XY X1
[eple} Low DT QY NRAT 71299 710257 102 M2V B9 MIpY 27D MRS WAl 1A
High P2 "IN TN 8192 TNDNNW DY IP0INT 0192 XN MTA 93
TNy Low .2Y2 WRNWA 072 DT N PIT RTIMYT DWWV 18R W RInn
High 13N AR 992 @YY MIRR-WAM W1 TIIRT 1907
a3y Low TR MIAPY AW D0 ARY YW Mwa 07 i
High A1 77002 23Y W DY AMw YW YA w0 OTR 937
fakrib) Low 22 W @927 710 RIT 90 NPIP AT 779y 95007 MIRW 2127 TR
High DWAIM DTN RIS TIWY DD A% YHY MR 77700 2w 1w anva
mm Low JJOR 7 APOYA PNYPW MM 12T YW 19102
High MIRZITM NI0I377 92 DX 1279 AN 7097 1™T w1 7720 902
" Low A W DY IV PINT MW YV 119°0 VIR NP1ona
High .MINM2Y WA XM P RIPI PR 91 w1 97 N2
TDRW Low .07 WRI2 D010 IPAY ADIRY NARY ATV TR JN0IIw "0
High MIRD MR 0191212 FPIRWST 27w 79w 27W DX 9910 mwan TN
mw Low OWANR 102 AW AR DY MINWY 273 WADNT INRY AT 7277 1IN
High 2073 KD W DY ROR Y 5V 00973 KD 1w v mon

(Continued)
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Unambiguous controls.

Target word

Context type

Sentence

NN
™2
pahha)
M2
X7
N7
1
728
ple))
s
el
a1
n
ovd
plalea)
naw
a1
1271
momn
pabiplotal
iaria)
oW

nnawn

Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High

JTPINRT ¥ NYOWM MR DY 1TAY AT N2

Q702 DI1W 273 MIRT DR POOIRY WP WA T2 WD 7D R
.DPWTIN 92 XY 10K WIN 92 WM TA2 72778 XY VIR

.0°0092 0911 07 732 WY 09 202w

PPN 0PYR N2 DIWORAT 73122 0°2WN 0NN 0°2°0 DI

NP0 X 77233 K17 2901 DY 2R 97

DN P00 R WYA? 22K CMK 1A TIw 1awn 010

DI NA2PR2 1927 IR MA0Y NNOwY N°M 2 ML MPR NN 37792
D19KRY NHAI0N TIRW AT AI0 70 NREA TR T WO INR?

.01 T MWD 703 AT DW 20 XI5

N10W NMI0INT MAPY2 DRIWY IRIT2 AIRRD KD 717

LTIINRY ORI ARIT2 M2 M9 D932 112 POR AT R 0220000

ORI NPT INRT PRI KW 73T AW 23 WOw DMIN2

PN 929157 90 PRI DA RPT 7MY YOV AT SMIARY MINK 10IRY N0l
VW VAR 37PN TARTS 29w RAR QY NIYY nawn

J1PYORY WA ART NIUKRN2 79YN awh

ORXYT NN N1 12030 M9 MY awnl Pt 700

T2 WO AT TP 131,000 TA1 7990 ORI NTYINA YUY 203137 R
777077 NM27722 91 YW 1w 030 RIXN? WO

712991 @0 912 RN 199) TV WK 27 AT PV 7922 Y9N w12 012
2P T2 9209 10 ROW 270 97K N 8RN NApY 7978 07

DONYAXT NXWAT RPN DR 0N SNARNT 1907 N°aY CNwatnawd PN
DA NN OO /I TR TY0Na DI9RY T TN NATIR CIRY 070270 TR
VP D1 M DY 77v0ma D1ORD 207 290 00 oA

DIV NPAT A TI72 PV M IPRT RIRY ROX IR

XYM 217X I 10I0M2 XY IWR KOOI 1A V912 TR0A PV SNawnT mvua
ANYIIN DR 2230w WINPT M2pY2 TIRD 0V PYET N2

JTWR DY BYD 501 1971 NI MPwan YRV IRT P00 IR 0D 1R Awn
RUNIA RXPW WARR 92 WO 21X 1991 21V 1O PR W

PPIUMY W MR I 93 NR0T9M NAmMD N

J9W RN20R PNY2OPW AP NAMAT DX PNTR NIw 9102

.DWPR7 I NAARI WHNWwa? [9°7YN PN 122 watnaR 0°99% nnb M1ao oh P

JMANT TRV DOWIT NIDINA PN7 AIWRAY fan 197 17-7 Rna

.DORNNAY DIOK B3R ROR 7MIND YY1 IR H7I0 217 OXTD RY QWA 70w A7
.OyD 93 D TWYOW TwnR w2 QYD MDY Y12p 1IN 127Ra NYUn SNnown
DT IRY 2T RPIT IR W MR YWRY 000 2O9PR IR 207 DR
SR QWAT °191 N2 AemE WY Yaa 000 Yoy Y

LT 20w TOmR D19NY 1127 PYR TRDN TTADAN 1AT12

.MXYINT N°722 NPVDINAPA 79D YW IO DY v Sn1havni
.MIZYIAT NP2 LOIIMIPA APERT Y MINPY Y YW SNIrIvna

JTIW 9907 102 W abapnb 70k Cnawn ,amwn Mapya

AT DA R TRRPR DROPI QINRON2 DWW 22T DXAp

J9KD O°IPR2 NPOW XY SAURRAW SN2 017 P ¥°Non 191N

DP7291W DOATIR TR P2 N MPan MIN™TA AN 720 AnInR?

.77 012 777 R2279 1IN ARWRTA N0 77182 WP M)

P27 ARTNW AARR ATIRA PP0VAY A1 70 1ava

(Continued)
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Target word

Context type

Sentence

il

Taval

a0

17790

n

79

kbl

mx

nnx

nxp

anw

v/

"M

Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High

WY ONT At annd M1 ANIp NN

L7292 7R 93 M22Y T 07 PURORY ANY XK WA MW 12 pUXOK W INT o2

D191 IR IR NDDD 13 AN DIPRA PRI DX DY

DWIDMNAR PO PRI 070 99077 1727 X°2737 10K 0°7192 170K

0D AW LR 79D 03 PND0IT N 12207 YV DOVTRA DX NIdAWD
D72 NTWW 77200 799 NOWH W1 NPT M2 1w nan by

DIWA 027X MR 12 MY2% RDDI PR RO 7NBLT YT 000

L1277 MR DWARAY FPISST RYT YO0I2°1IRA 12 TINDH NP vpwa DR
IR 9Y 2280 NANM N0 AW HIY2A 2PN1 7O 7807 K 01T
N2 MANT IR DY 209X P PR 0D PR SV PNooy

A2 TAPRY X AMD W AI%AN SRR PRI NI

D21 39,10 AMB NP7 SNDLR NPLIA NN

LTAHA 2OYLY PINR 38 PNYOR OV P MR

.72 117 999 K177 1190 23 ,M5N 1D

DT 2 230 ATV ANER DY IR 7INR 7929 HW XX

.MIMLA RWI2 ANE N2WSY NDIDNA 71202 *7Ww Aponng aw 92
IPIRR D172 RAPW TAPR ARR OHW ANOWAW MIN2 PRI

.07P DR PPY DTN AR W 0 XTI PV

PP NEPY 7Y ARP QY 9P TRITY Twpa2 TWOR

.D122 27 AP 1277 720X XOW NI ¥ 37087 ALYA 0102 7772 M w1
D37 DI OO0 MDY NNDWHAR )T AW NYT *IR

ADMINMY TR0 RO AR DRIPI 0% NPI7IPR 71270 MORAW 19°0 RAN
L2122 ANAW A2ITAT 722307 1R NP2 DTN 290 WONT 0w Cnvaw
PIWR NANRT 29WH MY YY1 PRwRR RO 12w 1R NR
.DPRI7T NWIAN 127 W O PTIT DTN P2 W WP RYNI KD

2T TP AME W 05N XYW WY ORTD WD 172 AR A1
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Appendix 4

L2-Hebrew characteristics of participants in the High and Low L2-availability
groups (Experiment 2) and in the L2-Hebrew group (Experiment 1); M (SD)

L2-Hebrew measures

L2 group (Exp. I) High L2 (Exp. 2) Low L2 (Exp. 2)

N

Age of acquisition (in years)
Current exposure (%)
Current use (0-10)
Subjective proficiency (0—10)
Semantic fluency

48 65 66
7.6 (1.0), 6.6 (2.1), 7.7 (1.8),
31.3 (16.9), 48.1 (18.0), 25.8 (17.7),
6.8 (1.5), 6.7 (1.6), 40 (1.9),
8.6 (0.9), 9.2 (0.9), 7.4 (1.6),
21.8(7.9), 23.7 (6.1), 17.2 (5.6),

Note. Means in the same row that do not share subscripts differ at the .05 level based on a one-way analysis of variance
test with the Bonferroni corrections for multiple comparisons. See note in Table | for details on each measure.



