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Language Than Through the Second
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Abstract: When learning novel vocabulary in a third language (L3) through transla-
tions in the first language (L 1), bilinguals may have more available cognitive resources
and more accumulated experience in language regulation compared to when learning
through translations in the second language (L2). In a study designed to test language
of instruction (LOI) effects, 59 Hebrew—English bilinguals auditorily learned over two
sessions 55 words in German, including three word types: cognates, overlapping in
form and meaning between English and German; false cognates, overlapping in form
but not meaning; and controls. Critically, half of the participants learned through their
(dominant) L1 Hebrew, and half through their L2 English (which is also more simi-
lar to German). Results showed a significant LOI effect, with better learning through
the (less similar) L1, especially for control items. Cognates were learned better in both
LOlIs, but false cognates were learned better relative to controls to a greater extent when
the LOI was English. Together, results highlight the importance of LOI and item-based
language similarity during multilingual novel word-learning.
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Introduction

Novel language learning is a common task that extends beyond monolinguals
learning a second language (L2) to bilinguals learning a third language (L3)
or a fourth one. Several variables have been highlighted as affecting novel lan-
guage learning, including the age of the learner (Birdsong, 2005), the context
of learning (e.g., Linck, Kroll, & Sunderman, 2009), previous experience with
language learning (e.g., Hirosh & Degani, 2018), the typological similarity of
the novel language to the language(s) known (Rothman, 2011), the relation-
ships among the words being learned, and the direction of translation during
training and testing (Kemp & McDonald, 2021). However, little research has
examined how the language of instruction (LOI) affects learning (though dis-
cussed by Bogulski, Bice, & Kroll, 2019 and by Tomoschuk, Duyck, Hart-
suiker, Ferreira, & Gollan, 2021). For instance, when a Korean—English bilin-
gual is learning Spanish, would learning Spanish through Korean, the first lan-
guage (L1), be better or worse than learning through English (the L2)? The
current project addresses this issue with respect to vocabulary learning and
examines whether multilingual vocabulary learning is better when conducted
through the L1 or through the L2.

Background Literature

Predictions for Language of Instruction Effects

Predicting an L1 Advantage

The effect of LOI on word learning may take one of several forms. First, learn-
ing of an L3 might be better through the L1 than through the L2. There are
two main reasons to expect such an L1 advantage. For one, the language reg-
ulation proposal put forth by Bogulski et al. (2019) suggests that foreign lan-
guage learning benefits from inhibition of the language from which learning
takes place, and bilinguals have gained more experience in inhibiting the L1
in the process of learning and using the L2. Therefore, this proposal predicts
better learning of an L3 through the L1 than through the L2. Support for this
proposal comes from their study comparing bilingual and monolingual novel
word learning, as discussed below.

Previous research had suggested that bilinguals outperform monolinguals
in novel word learning (Kaushanskaya & Marian, 2009a, 2009b; for review, see
Hirosh & Degani, 2018). For instance, Kaushanskaya and Marian (2009a) ob-
served that English—Spanish and English-Mandarin bilinguals outperformed
English monolinguals on a word-learning task. However, Bogulski et al. (2019)
then suggested that this advantage is restricted to learning through the L1
but not through the L2. They first replicated the multilingual advantage in
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word learning, showing that English—Spanish bilinguals were more accurate
than English monolinguals when learning Dutch words via English transla-
tions (the L1 for both groups). Critically, they then found that Spanish—English
and Chinese—English bilinguals who learned the Dutch words via their L2
(English) exhibited no advantage compared to monolinguals. Hence, Bogul-
ski et al. (2019) concluded that the multilingual advantage is present only
when the novel language is acquired via the native (or dominant) language.
They reasoned that this has to do with bilinguals’ experience in language
regulation, namely in activation management of the language network via in-
hibitory control. Because inhibiting the L1 when speaking the L2 is required
to a greater extent than inhibiting the L2 when speaking the L1 (Green, 1998;
Guo, Liu, Misra, & Kroll, 2011), bilinguals become more skilled in regulating
their L1 and inhibiting it than their L2. Hence, whereas English—Spanish bilin-
guals had extensive experience in inhibiting their L1 English during the use of
their L2 Spanish, Spanish-English and Chinese—English bilinguals were less
experienced in inhibiting their L2 English. As a result, when learning Dutch
words through English, presumably requiring inhibition of English, the latter
two groups of bilinguals did not demonstrate an advantage relative to mono-
linguals. A post hoc analysis further revealed that increased proficiency and
dominance in the language through which learning took place (English) was
associated with better learning, because English-dominant Spanish—English
bilinguals outperformed Spanish-dominant Spanish-English bilinguals. Most
relevant to the present study, these findings are in line with the suggestion that
language learning depends on the LOI, and that performance differs between
learning words through the L1 (or dominant language) and learning through
the L2 (or less dominant language).

A second reason to expect better learning through the L1 is that speakers
are typically more proficient in their L1 relative to their L2. Therefore, it might
be the case that when proficiency in the language through which learning takes
place is higher, there are more cognitive resources available for processing of
the newly acquired information (Segalowitz, 2003; Tzelgov & Kadosh, 2009),
especially early in learning. This proficiency/resource-availability proposal is
supported by the general observed association between proficiency in the L1
and learners’ ultimate proficiency in the L2 (e.g., Cummins, 1979), and more
directly by a recent study in which proficiency in the language through which
learning took place modulated learning (Degani & Goldberg, 2019). In that
study, Degani and Goldberg compared native Hebrew speakers to Russian—
Hebrew multilinguals in learning Arabic words and did not find a multilin-
gual advantage when learning through Hebrew (the L2 of the multilinguals).

Language Learning 71:4, December 2021, pp. 1044-1084 1046



Hirosh and Degani Language of Instruction in Word Learning

Instead, they found that learners’ proficiency in the language through which
learning took place (Hebrew) modulated learning, so that participants with
higher Hebrew proficiency learned words in Arabic better than those with
lower proficiency, regardless of their degree of multilingualism. Notably, in
that study, Hebrew proficiency might have facilitated learning not only be-
cause this was the LOI and increased proficiency allowed for more cognitive
resources, but also because Hebrew is more typologically similar to the novel
language, Arabic. Thus, the results do not allow one to discern whether the fa-
cilitatory effect of Hebrew proficiency stemmed from its typological similarity
to the foreign language or from its status as the LOI. As explained below, the
current study addresses this issue directly by contrasting the contribution of
language typological similarity with the contribution of language proficiency
to the effect of LOI.

Importantly, because speakers’ dominance often changes over time
(Martin, Altarriba, & Kazanas, 2020), such that the L1 might not always be
the more dominant (or proficient) language, it is not clear whether a learning
advantage will emerge when the LOI is the first language in terms of the order
of acquisition but not in terms of being the dominant language. Bogulski et al.
(2019) suggested that for multilinguals who have experienced a switch in dom-
inance such that they have become more dominant in their L2 rather than in
their L1, a learning advantage may be observed when these multilinguals are
learning through their dominant language, because they are experienced in reg-
ulating this dominant language in the course of using their first-acquired, less
dominant language. However, in the study by Degani and Goldberg (2019) all
participants learned the Arabic foreign language vocabulary through what was
in fact their dominant language (Hebrew), even though it was the L2 for those
Russian—Hebrew speakers, and yet no multilingual advantage emerged. It is
therefore possible that the order of acquisition of the languages does play an
important role and that a learning advantage for bilinguals over monolinguals
is limited to cases where the LOI is the first-acquired language irrespective of
its dominance (Degani & Goldberg, 2019). To prevent this complexity from
potentially confounding the current study, as the first study to test the effects
of LOI on learning within the same population, we ensured that participants’
more dominant language was also their first-acquired one.

Predicting an L2 Advantage

Alternatively, learning might be better through the L2 because there is typi-
cally greater similarity between learning the L2 and L3 than between the L1
and L3 in terms of the age of onset, learning context and strategies, and degree
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of metalinguistic knowledge. Further, based on neurolinguistic accounts (e.g.,
Ullman, 2001), Bardel and Falk (2012) suggested that both the L2 and L3 as
nonnative languages learned later than the L1, are more likely to rely more
on declarative memory systems, whereas the L1 is more likely to rely more
on procedural memory systems. If the L3 resembles the L2 more than the L1
in these regards, and one assumes that vocabulary learning can benefit from
such resemblance, then learning through the L2 would be better than learn-
ing through the L1. Suggestive evidence in support of this prediction comes
from studies conducted in the educational system, whereby a novel language
is learned through the societal language by monolingual or bilingual children.
For instance, Schwartz, Geva, Share, and Leikin (2007) examined the learn-
ing of English through Hebrew, which served as the L1 for some children but
as the L2 for others (who had Russian as their L1) (see also, e.g., Schwartz,
Kahn-Horwitz, & Share, 2014). A bilingual advantage was observed, attributed
to enhanced experience of the Russian-Hebrew bilinguals in learning to read
and to the typological similarity of their L1 Russian with the to-be-learned L3
English. Interestingly, the fact that the bilinguals outperformed monolinguals
(those with L1 Hebrew) may also imply that learning through Hebrew when it
is the L2 (for bilingual children) is better than learning through Hebrew when
it is the L1 (for monolingual children). These studies therefore raise the pos-
sibility that learning via the L2 may yield a learning advantage, but no strong
conclusions can be drawn due to the confounding role of multilingualism, lan-
guage similarity, and cross-population comparisons.

Predicting no L1/L2 Effect

A third possible predictive pattern is that language order per se does not affect
learning, but instead it is language typological similarity alone that influences
performance (e.g., Schwartz et al., 2007, 2014). The role of language typolog-
ical similarity has been emphasized in the literature on cross-language influ-
ences in learning (for review, see, e.g., Ringbom & Jarvis, 2009). For instance,
Schepens, van der Slik, and van Hout (2016) found that the distance between
learners’ prior languages (L1 and L2) and L3 (Dutch) explained almost half of
the variance in performance on a L3 speaking proficiency test among a sample
of over 40,000 multilinguals with various L1s and L2s. Given the important
role of language similarity, one may predict that learning would be facilitated
through a more typologically similar language, whether it be a L1 or a L2. The
present study will therefore examine the role of language similarity, manipu-
lating LOI, to reveal potential interactions between the two factors in the case
of vocabulary learning. Further, the current study goes beyond whole-language
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typological similarity to examine how the similarity of specific items interacts
with the effects of LOI and typological similarity.

Thus far, no studies that we know of have compared learning through the
L1 versus the L2 within the same population, with the exception of a recent
study by Tomoschuk and colleagues (Tomoschuk et al., 2021, Experiment 2).
In that study, learning was not the relevant outcome measure, because the focus
was more on the engagement of inhibition after learning. Dutch—English bilin-
guals learned novel L3 words in an artificial language (called “Ibararpa”) that
was based on Italian pseudowords, either via their L1 Dutch or via their L2 En-
glish. Participants who learned via the L1 Dutch scored slightly higher (though
not significantly so) on the final retrieval block compared to those who learned
via the L2 English. In another experiment using the same learning paradigm
(Tomoschuk, 2019, Experiment 3), a within-participant design was used so that
Spanish—English bilinguals learned novel Hebrew words, with half the words
learned via their L1 Spanish and half via their L2 English. The difference be-
tween words learned through the L1 versus the L2 was again nonsignificant, al-
though in this case learning through the L2 English was associated with slightly
higher performance than learning through the L1 Spanish.

Notably, in both experiments the L1 and the L2 were either equally similar
to the L3 (Dutch—English vs. Ibararpa) or equally typologically different from
the L3 (Spanish—English vs. Hebrew), excluding the role of language similar-
ity. In the present study, the to-be-learned novel language resembled one of
the languages of the speakers but not the other. Thus, our study contrasted the
contribution of language similarity with that of LOIL.

Item-Based Versus Whole-Language Similarity

In the present study, Hebrew (L1)-English (L2) bilinguals learned German as
a L3. We chose German because of its typological relatedness to speakers’
L2 English, both being Germanic Indo-European languages (Hawkins, 1986;
see also Hammarstrom, Forkel, Haspelmath, & Bank, 2020), and its dissimi-
larity to Hebrew (a Semitic Afro-Asiatic language). Critically, in addition to
the similarity between English and German at the typological whole-language
level, similarity was further manipulated at the item level. Participants learned
three types of German words differing in the degree of lexical-form and se-
mantic overlap with English: (a) cognate words, which overlap in both lexical
form and meaning between the two languages (e.g., Maus in German trans-
lates as “mouse” in English); (b) false cognates (FCs), which overlap in lexical
form but not in meaning (e.g., Giff in German translates as “poison” in English
but is pronounced like “gift”); and (3) control words (noncognates), which do
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not overlap in lexical form across languages (e.g., Saft in German translates
as “juice” in English). Previous studies have shown that cognate words are
easier to learn than control words (De Groot & Keijzer, 2000; Elias & De-
gani, under review; Lotto & de Groot, 1998; and see evidence in Otwinowska,
Forys-Nogala, Kobosko, & Szewczyk, 2020), and thus we expected a cognate
facilitation effect.

In contrast, although FCs are typically more difficult to process than con-
trol words for proficient bilinguals (see Degani & Tokowicz, 2010b, for a re-
view), studies that directly tested the patterns of acquiring FCs have shown
contradicting evidence. Specifically, due to the similarity in lexical form across
languages, facilitation may be observed compared to control items (Mulik,
Carrasco-Ortiz, & Amengual, 2019). Evidence for this suggestion comes from
within-language vocabulary learning, in which learning of a new meaning for
a known word is compared to learning of novel words (e.g., Fang & Perfetti,
2017). Such learning of a new meaning for a known word resembles FC learn-
ing in the need to map a novel meaning to the same known form. Fang and
Perfetti (2017) observed an advantage for learning new meanings for known
forms over learning of novel words, and this may imply that FCs should be
learned better than control words.

On the other hand, learning a new meaning for a known form (e.g., that
Gift means “poison”) may exert meaning competition and cause difficulty in
learning FC items (Rodd et al., 2012). Indeed, in a recent study FC words
were found to be less learnable than control (and cognate) words (Otwinowska
& Szewczyk, 2019). However, other research observed no difference between
FC and control words (Elias & Degani, under review; Ghazi-Saidi & Ansaldo,
2017; Otwinowska et al., 2020). For instance, Elias and Degani (under review)
had adult Hebrew speakers learn cognate, FC, and control Arabic words as
novel words. Results showed comparable overall performance on FC and con-
trol words. The authors interpreted this null effect as reflecting the operation
of two opposing mechanisms of form facilitation and meaning competition
that are both at play and may cancel each other out. Presumably, when overall
performance was examined the inhibitory effect of meaning competition coun-
teracted the facilitative effect of form overlap, resulting in no overall effect. To
support their proposal that both processes are at play, Elias and Degani further
examined how individual differences modulated the difference in learning of
FC and control words. They found that the effect was modulated by partic-
ipants’ characteristics, such that participants with higher phonological short-
term memory and those with lower Hebrew verbal fluency did show an advan-
tage for FC over control words. Elias and Degani suggested that participants
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with higher phonological short-term memory rely more on the phonological
form and thus benefit more from the form overlap of FCs. At the same time,
participants with lower L1 verbal abilities rely less on meaning than individ-
uals with higher L1 abilities and are thus less affected by the competition in
meaning from the L1. The present study examines the possible existence of
these two opposing mechanisms in the learning of FCs using a different to-be-
learned language (German) when form overlap is manipulated with learners’
L2 (English) and not their L1 (Hebrew).

Because in the current study form overlap is manipulated with one of
the languages of the bilingual learners (English but not Hebrew), we expect
item-based similarity to exert stronger influences when participants learn di-
rectly through that language (English). In such a condition, the form similarity
is more transparent, and learners may attend to it more, utilizing their prior
knowledge to achieve better learning. Notably, however, it is possible that par-
ticipants would benefit from the similarity between English and German even
when they are learning through Hebrew. Indeed, Bartolotti and Marian (2017)
had English-German bilinguals learn orthographically presented novel words
that were similar to English words, to German words, or to both. Performance
was comparable for novel words that overlapped with one of the bilinguals’
languages (English or German) and those that overlapped with both, suggest-
ing flexible transfer of L1 and L2 knowledge to the novel words (Bartolotti
& Marian, 2017). Note, however, that whereas in that study novel words were
learned in association with pictures, allowing bilinguals to use both of their ex-
isting languages during learning, in the current study novel words are learned
in association with translations in one language only. Thus, transfer is predicted
to be greater for participants learning through English, because of higher acti-
vation of a language similar to the novel language, which may allow learners
to attend to similar characteristics of the novel words.

The Current Study

The current study examined word learning among multilingual speakers, ask-
ing whether vocabulary learning in a L3 was better through the L1 or through
an L2 more similar to the L3. Hebrew—English bilinguals learned novel words
either through their L1 (Hebrew) or their L2 (English). Participants com-
pleted a two-session learning and testing procedure, learning 55 novel words
in German that differed from English in their degree of similarity in form and
meaning so as to include cognates, FCs, and control words. This word-type
manipulation allowed examination of language similarity at both the global
(whole-language) level and the item level.
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With respect to LOI, we predicted better learning through participants’ L1
(Hebrew), under the assumption that bilinguals are more experienced at in-
hibiting their L1 than they are experienced at inhibiting their L2 and that in-
hibition of the LOI promotes learning. Further, we also predicted better learn-
ing through the L1 under the assumption that the enhanced proficiency in the
L1 would free up more cognitive resources required for the learning process.
These LOI effects were thus expected to be driven by participants’ proficiency
profile (L1 vs. L2) and not by the whole-language typological similarity of the
languages, which would have predicted better learning through their L2 (En-
glish) more similar to German than through their L1 (Hebrew) less similar to
German. Notably, learning of control words, which did not overlap in terms of
form and meaning across languages, provided the cleanest test of this hypothe-
sis. If learning of control words proved to be better through Hebrew compared
to through English, although the latter shares more commonalities with Ger-
man, the results would support the role of proficiency profile over typological
similarity in driving LOI effects.

Although we predicted that whole-language typological similarity would
not determine L3 learning, we expected item-based similarity to affect learn-
ing. In particular, we predicted that, at the item level, cognates would be eas-
ier to learn than control words and that this cognate facilitation effect would
be greater for the group learning through the L2 because the similarity at the
whole-language level in this condition could highlight the similarity at the item
level. Conversely, as we discussed above, the difference between FCs and con-
trol words might reveal a FC advantage or a FC disadvantage, and we hy-
pothesized this difference to be larger for the group learning through the more
similar L2.

Method

Participants

Sixty-six Hebrew—English bilingual adults participated in the study. They were
native Hebrew speakers who had learned their L2 English in school, with no
significant immersion experience in an English-speaking environment, no ex-
posure to any other language at home, and no prior knowledge of German (or
Dutch). Within this population, English instruction typically begins in the third
grade, starting with an emphasis on oral language proficiency, and progresses
to also include a focus on the written form. At the time of testing, partici-
pants were university students who had reached at least moderate proficiency
in English as a prerequisite for academic studies. Participants’ L1 and L2 pro-
ficiency were assessed via objective and subjective language measures (see
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Table 1). They reported no attention disorders or learning disabilities. They
were compensated with class credit or payment for participation.

Participants were randomly divided into two learning conditions, one group
learning German words through their L1 (Hebrew) and the other through their
L2 (English). Additional measures, including phonological short-term mem-
ory, inhibitory control, working memory, Hebrew and English proficiencies,
and a vocabulary posttest, were collected to verify that there were no baseline
differences between the two experimental groups. Indeed, the two groups were
well matched on all measures with the exception of age, which was covaried in
the analysis, and the self-report percentage of reading in Hebrew and English
and talking in English (see Table 1). Because the language proficiency and use
questionnaire was administered following experimental tasks that differed in
language across groups, we suspect that these differences were the result of an
influence of the experimental task on the self-report measure.

Data from seven participants were excluded, two because of exposure to
an additional language at home, three because they were born or had lived in
an English-speaking country, one because of very low English proficiency (as
assessed by the vocabulary posttest), and one because of failure to return for
the second experimental session. Analyses were therefore based on a final set
of 59 participants.

Sample size was determined based on previous vocabulary learning
studies in which item type and participants’ characteristics were observed
(Degani & Goldberg, 2019; 30 participants per group, 12 items per condition).
Nonetheless, we acknowledge that the estimated power to detect an interaction
(of Cohen’s d = 0.3) between LOI and item type with 29 participants per group
and 15 items per condition is rather low (power = 0.531, using PANGEA;
Westfall, 2016).

Materials

All learning and testing materials (Hirosh & Degani, 2021a, 2021b, 2021c,
2021e) are available on IRIS (iris-database.org) and the OSF platform (https:
/losf.io/habuz/?view_only=bde3ec16027c4671a13e264913ee3d99). They inc-
lude language history questionnaire, recorded stimuli, and vocabulary posttest,
as well as the experimental scripts. Fifty-five critical German words served as
stimuli in the learning task (see Table 2 for example stimuli and Appendix S1 in
the Supporting Information online for all items). German words were recorded
by a native German speaker and were presented auditorily along with their or-
thographic Hebrew or English translations. These included 15 cognate words,
overlapping in both lexical form and meaning with English; 15 FC words,
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Table 1 Means (standard deviations) and independent samples ¢ tests for linguistic and
cognitive characteristics by language of instruction group

L1 Hebrew L2 English

Measure (n=130) (n=29) 1(57) P

Age (years) 24.50 (3.25) 26.69 (4.74) —2.08 .042

Education (in years) 13.97(1.63) 1438 (1.78) —0.93 357

Socioeconomic status (maternal 15.23 (3.66)  14.62 (2.73) 0.73 470
edu. in years)

Age began learning English 7.25(1.74) 7.59(2.10) —0.66 513

Rating of Hebrew proficiency (0-10  9.60 (0.56) 9.66 (0.67) —0.34 .733
scale)’

Rating of English proficiency (0-10 7.57 (1.00) 7.83(1.20) —0.92 361
scale)’

Rating of Hebrew use (0-10 scale)b 7.78 (1.09) 7.88(1.67) —0.30 .766

Rating of English use (0-10 scale)b 6.40 (1.43) 6.49 (1.75) —0.22 831

Reading in Hebrew (%)’ 82.80 (15.01) 72.62(19.46) 226 .028

Reading in English (%) 16.93 (12.77) 2693 (18.99) —2.35 .023

Talking in Hebrew (%) 87.37 (16.80) 82.21 (17.09) 1.17 247

Talking in English (%) 11.39 (12.96) 20.81(18.90) —2.16 .037

Exposure to Hebrew (%)’ 76.63 (11.69) 73.24 (11.10) 1.14 258

Exposure to English (%)’ 19.60 (8.83) 2497 (11.66) —1.99 .052

Number of languages 2.77 (1.07) 2.45(0.57) 1.43  .160

Rating of L3 proficiency (0-10 3.55(2.02) 2.92 (1.93) 0.76 453
scale)’

Rating of L3 use (0-10 scale)b 1.70 (1.73) 1.44 (1.27) 041 .685

Hebrew semantic fluency (mean per 21.97 (5.82)  21.41 (5.25) 0.38 .703
minute)

English semantic fluency (mean per 1447 (5.15) 1490 (4.67) —0.34 .738
minute)

Phonological memory (possible 5.83 (1.68) 5.41 (1.15) .11 .270
range 0—14)

Working memory (possible range 11.67 (2.95) 11.10(2.02) 0.85 .395
0-21)

Inhibitory control (bin score) 404.80 (72.70) 422.93 (89.33) —0.86 .395

Unknown English items’ 1.27 (1.60) 1.24 (1.50) 0.06 .950

Note. Values of p in boldface represent those for comparisons where p < .05 for group
differences.
*Language proficiency in reading, writing, conversation, and speech comprehension (0
= lowest ability; 10 = highest ability).

Language use in reading, writing, conversation, internet, listening, and TV watching
(0 = least use; 10 = highest use).

(Continued)
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Table 1 (Continued)

‘Ratings for reading, talking, and exposure in the known languages sum to 100% for
each participant for each set of ratings.

The means of unknown English items are based on the vocabulary posttest including
the 55 experimental items.

Table 2 Examples of stimuli for each word type and language of instruction

Englishfalse
Word type German English translation Hebrew
Cognate Maus Mouse bl
/maus/ /maus/ /Saxbar/
False cognate Gift Poison Gift oy
/gift/ /porzan/ /gift/ /raSal/
Control item Saft Juice v
/zaft/ / dgus / /mits/

overlapping with English (but not Hebrew) in lexical form but not in mean-
ing; and 25 control words that did not overlap with English (or Hebrew) in
lexical form.

Stimuli Selection Procedures

Cognate and FC words were selected to overlap phonologically between En-
glish (L2) and German, but not between Hebrew (L1) and German. Phonolog-
ical similarity was informed by (a) a subjective norming study with a group
of 20 Hebrew speakers who did not participate in the main study (see Ap-
pendix S2 in the Supporting Information online for details) and (b) an ob-
jective computation of Levenshtein’s phonological distance based on a de-
tailed phonological representation using the PanPhon 0.7 Python package
(https://pypi.org/project/panphon/0.7/), which applies a set of rules for adding
diacritics and modifiers to International Phonetic Alphabet segments based
upon their phonological features. Comparisons across word types revealed that
cognates and false English translations of the FCs scored significantly higher
in the German—English objective and subjective similarity measures than did
the actual translations of the FCs and controls but did not differ from each
other. The phonological overlap across English and German was not complete
for these items, but, critically, all cognates and false translations of FCs were
judged as at least a 3.5 on a 1 to 5 scale of phonological similarity, whereas
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all control items and correctly translated FCs were judged as less than a 2
on the same scale (see Appendix S2 in the Supporting Information online for
details).

Further, there were no differences across the three types of English word
in terms of their length (in number of letters and syllables in German, English,
and Hebrew), age of acquisition (Brysbaert & Biemiller, 2017), concreteness,
and imageability (the latter two both based on the MRC Psycholinguistic
Database; Wilson, 1988) (all ps > .05; see Appendix S3 in the Supporting
Information online). However, a significant difference in frequency in English
and German (based on the SubtLex corpus via Clearpond), as well as in
Hebrew (based on the heTenTen 2014 corpus via SketchEngine; see Kilgarriff
et al., 2014), was found, such that cognates were more frequent than FCs and
controls in all three languages (ps < .05), with no difference between FCs and
controls (ps > .05). Frequency was therefore included as a covariate in the
analyses.

Procedure

Each participant learned all 55 German words (15 cognates, 15 FCs, and 25
controls), either through the L1 Hebrew or through the L2 English, manipu-
lated between participants. All instructions and communication with the ex-
perimenter (a Hebrew-English bilingual) matched the LOI, such that partici-
pants who learned through L1 Hebrew received the instructions in Hebrew and
communicated with the experimenter in Hebrew, whereas those who learned
through the L2 English, received English instructions and interacted with the
experimenter in English. Learning and testing took place over two sessions
separated by 2 days (see Table 3). All computerized tasks were administered
via E-Prime 2 (2019).

Learning Trial Procedure

The learning phase in the first session consisted of two types of training
cycles (following Degani & Goldberg, 2019): a L1/L2-to-L3 word repetition
procedure and a L3 retrieval (recall) attempt. In the first type of learning
cycle, a fixation cross appeared at the center of a screen for 750 milliseconds
followed by a 250-millisecond blank screen, which was then replaced by either
the Hebrew (L 1) or the English (L.2) written translation (depending on the LOI
condition), presented for 1,000 milliseconds, and followed by the auditory
presentation of the German (L3) word via headphones. A question mark then
appeared, and participants were instructed to repeat the German word aloud.
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Table 3 Overall procedure for the German word learning and testing

Tasks in Session 1

Tasks in Session 2 (2 days later)

Hebrew proficiency

Learning cycle 1: Hebrew/English
to German repetition

Learning cycle 2: Hebrew/English
to German retrieval attempt

Test: translation recognition

English proficiency

Language history questionnaire

Test: translation recognition

Learning cycle 2: Hebrew/English
to German retrieval attempt

Test: Hebrew/English to German
translation production

Inhibitory control

Phonological short-term memory

Working memory

Vocabulary posttest

An interstimulus interval of 1,000 milliseconds of blank screen was used.
Each of the 55 novel words was presented once in a random order.

In the second type of training cycle, after seeing the L1 or L2 translation, a
screen with a question mark appeared and participants were asked to try to pro-
duce the German word. Following this retrieval attempt, participants heard the
correct form of the German word. Such retrieval attempts have been shown to
strengthen learning (Kang, Gollan, & Pashler, 2013; see Tokowicz & Degani,
2015, for a review). In this type of training cycle, each word was presented
twice in a random order for a total of 110 training trials.

In the second session, 2 days later, participants completed only the second
(retrieval) type of training cycle.

Testing Trial Procedure

Participants were tested via a translation recognition test and a forward trans-
lation production test (Degani & Tokowicz, 2010a; Degani, Tseng, & Tokow-
icz, 2014). In both tests, trial order was randomized for each participant by
the computer program. In the translation recognition test, participants heard
a German word followed by a visual presentation of four possible Hebrew or
English translations, according to the LOI condition, and were asked to select
the correct translation of the German word by pressing one of four buttons
(marked with 1 through 4) on the response box with their dominant hand as
quickly and accurately as possible. The nontarget alternative translations were
sampled from the set of 55 translations used in the study. In the forward trans-
lation production test (L1/L2-to-L3), participants saw a Hebrew or English
word, according to their LOI condition, and were asked to provide its German
translation out loud as quickly and accurately as possible. Reaction times were
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measured between the onset of the prompt and the onset of the vocal response,
using a voice-key trigger, and responses were recorded for later coding of ac-
curacy. Partially correct pronunciations in which vowels or consonants were
omitted or added (e.g., /Glock/ instead of /Glocke/) were coded as incorrect
trials. Slight changes in accent for nonnative phonemes were considered cor-
rect. A single researcher coded the responses, and a second coder coded 10%
of the data. Cohen’s kappa for interrater reliability computed on this basis in-
dicated substantial agreement (x = .79).

Controlling for Cognitive and Linguistic Differences Across Language of
Instruction Groups

Phonological short-term memory task. A version of the nonword repeti-
tion task (e.g., Yoo & Kaushanskaya, 2012) was used in Hebrew (Shatil &
Share, 2003) to estimate participants’ phonological short-term memory. Par-
ticipants were asked to repeat out loud in the same order presented sets of
Hebrew nonwords ranging in set sizes of two to eight words. The test ended
when the participant failed to accurately repeat both sets of a given length. Al-
though split-half reliability with Spearman—Brown correction for this task has
been reported as .67 in previous research (Degani & Goldberg, 2019), in the
current sample, it was only .48.

Working memory task. The Number—Letter sequencing task (a subtest of
the Wechsler Adult Intelligence Scale Version 111 — WAIS-III; Wechsler, 1997),
in its Hebrew version (WAIS-III HEB; http://www.psychtech.co.il), was used
to estimate participants’ verbal working memory span. Participants were pre-
sented with sets of varying sizes of two to eight sequences of letters and num-
bers. They were asked to first repeat the numbers in ascending order and then
repeat the letters in their alphabetic order (e.g., a seven-character string such as
3esa41b should be repeated back as 134abes). The test ended when participants
failed to accurately repeat any of the three strings of a given length. Split-half
reliability with Spearman—Brown correction for this task was .67.

Inhibitory control. A Numeric Stroop task (Prior, Degani, Awawdy,
Yassin, & Korem, 2017, adopted from Hernandez, Costa, Fuentes, Vivas, &
Sebastian-Gallés, 2010) was used to measure participants’ inhibitory control.
Participants indicated by button press, as quickly and accurately as possible,
how many items appeared on the screen (range from 1 to 3). There were three
experimental conditions, with trials presented in a random order. In the congru-
ent condition, digits were used as items, and their numeric value was congruent
with the number of items (e.g., 333 or 22). In the incongruent condition, the
numeric value of the digits was not the same as the number of digits (e.g., 33
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or 222). In the control condition, nondigits were used as items, creating no
conflict between the number of items and the numeric value of the items (e.g.,
xxx). Inhibition was calculated as the difference in performance between con-
gruent and incongruent trials, using the bin scoring method (as described by
Hughes, Linck, Bowles, Koeth, & Bunting, 2014), which has been shown to
improve reliability (Cronbach’s alpha = .78 in Prior et al., 2017). Cronbach’s
alpha in the current study was .78. Higher bin scores represent larger costs.

Hebrew and English proficiency. A semantic category fluency task (as
used by Kavé, 2005) was used to measure participants’ oral proficiency in He-
brew and English. Participants were asked to produce as many different He-
brew or English words that belong to a certain semantic category as possible
within a 1-minute time limit. Two different semantic categories for each lan-
guage were counterbalanced across participants: one wide category (animals
or fruits and vegetables) and one narrow category (occupations or furniture).
Because preliminary analysis revealed significant differences between the two
narrow categories (furniture being smaller than occupations), a fluency score
was extracted based on only the wider category in each language. Reliability
measures were thus not available for this task, as there was only one score for
each participant (i.e., the number of items produced in the wider category).

Language history questionnaire. Participants completed a modified ver-
sion of the LEAP-Q (Marian, Blumenfeld, & Kaushanskaya, 2007), in which
they provided information on their proficiency, use, and learning circumstances
for the languages that they knew.

Vocabulary posttest. To ensure participants were familiar with the En-
glish translations of the learned German words, participants received a list of
Hebrew—English translations (corresponding to the novel German words) and
were asked to indicate which English words or translation pairs they did not
know. Unknown items were excluded from analysis for each participant (less
than 3% of the data), and the number of exclusions did not differ by group (see
Table 1).

Results

All relevant data (Hirosh & Degani, 2021d), as well as analysis scripts
(Hirosh & Degani, 2021f) are available on both IRIS (iris-database.org)
and the OSF platform (https://osf.io/habuz/?view_only=bde3ec16027c46
71a13e264913ee3d99). Table 4 presents the observed means with standard
errors for the percentage of errors and for reaction times (RTs) on correct
responses in each test (translation recognition in the first session, translation
recognition in the second session, translation production in the second session)
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for the final sample of 59 participants as a function of LOI (Hebrew vs. En-
glish) and word type (cognate, FC, control). RTs on correct responses were
trimmed to remove trials on which latencies were more than 2.5 standard devi-
ations from the mean of each participant on correct responses (excluding about
4% of the production data and about 3% from the recognition data).

Data Analysis Approach

Overall error rates and RTs were analyzed using linear mixed-effects models
because these models allow one to simultaneously account for variance re-
lated to participants and to items. Error rate data were analyzed following a
binomial distribution (i.e., mixed effects logistic regression). RTs were log-
transformed prior to analyses to reduce skew in the distribution. The models
included dummy-coded fixed effects of LOI as a between-participant variable
(Hebrew vs. English, with English set as the reference), word type as a within-
participant variable (cognate, FC, control, with control set as the reference),
and the interaction between LOI and word type. For the recognition test, ses-
sion (Session 1 vs. Session 2, with Session 1 set as the reference) was also
included as a within-participant variable and allowed to interact with LOI and
word type. To control for differences across the LOI groups, participants’ nor-
malized age was included as a covariate. Similarly, to control for differences
across word types in the frequency of the Hebrew or English translations, and
because these were based on different corpora for English and Hebrew stim-
uli, we computed a standardized score within each language based on log fre-
quency. These standardized translation frequency scores were included as co-
variates in the maximal model.

The random structure of the model included by-participant and by-item in-
tercepts, as well as by-participant slope for word type, and by-item slope for
LOI (and session in the recognition test). These maximal models were fitted us-
ing the buildmer function in the buildmer package (Version 1.3; Voeten, 2019)
in R (Version 3.6.1, R Core Team, 2019), which uses the (g)lmer function from
the Ime4 package (Version 1.1.-21; Bates, Michler, Bolker, & Walker, 2015).
Using backwards stepwise elimination, the buildmer function starts from the
most complex model and systematically simplifies the random structure until
the model converges. Once the maximally converging model has been iden-
tified, the function estimates the significance of all fixed effects based on
Satterthwaite degrees of freedom using the ImerTest package (Version 3.1-
0; Kuznetsova, Brockhoff, & Christensen, 2017) for the RT analyses, or the
Wald degrees of freedom for the error rate following the binomial distribution.
When necessary, to probe interactions and examine pairwise comparisons, the
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selected model was refitted using (g)lmer and followed by the testInteractions
function from the phia package (Version 0.2-1; De Rosario-Martinez, 2015)
for the x2, the contrast function from the emmeans package (Version 1. 5. 2-1;
Lenth, 2020) for the SE, and the tab_model function from the sjPlot pack-
age (Version 2.8.7; Liidecke, 2021) with Bonferroni adjustments for multiple
comparisons. Selected models are presented in Appendix S4 in the Supporting
Information online. Model summaries (obtained from the summary function)
are presented in Tables 5, 7, 9, and 11, and in Appendix S5 in the Support-
ing Information online. Note that, because fixed effects were dummy-coded,
the effects presented in these tables reflect simple effects rather than main ef-
fects (e.g., the coefficients for LOI reflect its effect at the reference level of
the other variables, and not across all levels). The main effects of each fixed
variable were obtained from the anova function and are presented in the text.
np* was obtained from the anova_stats function from the sjstats package (Ver-
sion 0.18.1, Liidecke, 2021). Significance was evaluated with an alpha level of
0.05, with Bonferroni adjustments for multiple comparisons when necessary.
R? were used as a measure of effect size of the models, computed using the
MuMIn package (v. 1.43.17, Barton, 2020).

Translation Recognition

The error rate analysis revealed that performance did not significantly change
from Session 1 to Session 2, so this variable was not maintained in the selected
model (see Table 5). Critically, there was a significant effect of LOI, F(1) =
6.5, p = .001, such that learning through Hebrew was less error-prone than
learning through English. In addition, there was a main effect of word type,
F(2) = 147.15, p < .001. Paired comparisons with Bonferroni corrections re-
vealed that cognates elicited significantly fewer errors than FCs and controls,
with marginally fewer errors for the FCs compared to the control items (see
Table 6). Although the interaction between LOI and word type was not signifi-
cant, the patterns of means suggested differential effects (for data-rich figures,
see Figure 1 and Appendix S6 in the Supporting Information online). Due to
our theoretical interest, we examined performance in each LOI separately and
each word type separately (see Appendix S5 in the Supporting Information
online). These analyses revealed that, whereas in the English (L2) instruction
condition control items elicited more errors than FCs, in the Hebrew (L1) in-
struction condition this difference did not reach significance (see Table 6). In
addition, there was no effect of LOI for cognates or FC items, but a signifi-
cant advantage was observed for learning through Hebrew relative to learning
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Table 5 Model summary predicting error rate in the translation recognition test as a
function of session, language of instruction (LOI), and word type

Fixed effects b SE 95% CI z p
Intercept —0.86 0.23 [—1.30, —0.41] —3.76 <.001
Session (2nd) - - - - -
LOI (Hebrew) —0.67 0.27 [—1.20, —0.15] —2.54 .011
Word type (cognate) —3.37 0.28 [—3.92, —2.83] —12.18 <.001
Word type (FC) —0.51 0.22 [—0.93, —0.09] —2.36 .018
Random effects Variance SD r
Participant (intercept) 0.89 0.95

Word type (cognate) - - -

Word type (FC) - - —

Session (2nd) - - -
Item (intercept) 0.45 0.67

LOI (Hebrew) 0.12 0.34 —.56

Session (2nd) - - -
Residual

2 _ . R2 —
R marginal — 335 R conditionnal — 51

Note. Fixed effects reflect simple effects relative to the reference level when other vari-
ables are at their reference level without correction for multiple comparisons. For main
effects, see F values in the text. FC = false cognate; — is used when data were not
obtained because the effect was not retained in the selected model.

Table 6 Summary of odds ratios of error rates for pairwise comparisons with Bonfer-
roni corrections for multiple comparisons for the word type effect in the translation
recognition test within each language of instruction (LOI) group separately

Group Comparison OR SE 95% CI z ratio p
Across LOI  Cognates vs. controls  29.15  8.08 [15.02,56.58] 12.18 <.001
FCs vs. controls 1.66 0.36 [0.99,2.78] 2.36 .055
Cognates vs. FCs 0.06 0.02 [0.03,0.12] —-9.75 <.001
Hebrew Cognates vs. controls 1648  8.32  [4.92,55.16] 5.55 <.001
FCs vs. controls 1.29  0.33 [0.71,2.37] 1.02 921
Cognates vs. FCs 0.08 0.04 [0.02,0.25] —5.26 <.001
English Cognates vs. controls  42.35 14.83 [18.32,97.93] 10.70 <.001
FCs vs. controls 1.89 047 [1.05,3.42] 2.60 .028
Cognates vs. FCs 0.05 0.02 [0.02,0.11] —8.35 <.001

Note. FCs = false cognates. Three multiple comparisons were used to calculate the
Bonferroni adjustment.
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Figure 1 Estimated error rates (a) and reaction times (RTs) on correct responses (b) as
a function of task, word type and language of instruction group (error bars represent
standard errors calculated for within-participant variables following Morey, 2008). FC
= false cognate. Predicted means are based on a model including the interaction be-
tween word type and language of instruction, excluding session in the recognition task.
Means are back-transformed to raw RTs.
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Table 7 Model summary predicting log reaction time in the translation recognition test
as a function of session, language of instruction (LOI), and word type

Fixed effects b SE 95% CI df t p
Intercept 335 0.03 [3.30, 3.41] 120.01 123.10 <.001
Session (2nd) 0.02 0.01 [0.01, 0.04] 53.24 2.82  <.001
LOI (Hebrew) 0.01 0.02 [—-0.04,0.06] 64.64 032 .75
Word type (cognate) —0.27 0.03 [-0.33,-0.22] 7192 —-10.19 <.001
Word type (FC) —0.04 0.03 [-0.09,0.01] 63.56  —1.57 .122
Random effects Variance  SD r r r
Participant (intercept) 0.02 0.15

Word type (cognate) 0.01 0.09 —.88

Word type (FC) 0.00 0.06 —.44 .54

Session (2nd) 0.00 003 —.11 —.04 .32
Item (intercept) 0.01 0.08

LOI (Hebrew) 0.00 0.04 -.25

Session (2nd) 0.00 0.03 —.09 -—43
Residual 0.04 0.19

2 _ . R2 —
R marginal — 21 5 R conditionnal — 49

Note. Fixed effects reflect simple effects relative to the reference level when other vari-
ables are at their reference level without correction for multiple comparisons. For main
effects, see F values in the text. FC = false cognate. rs reflect the correlation matrix
among the random effects.

through English for control items, F' = 8.19, p = .004 (see Appendix S5 in the
Supporting Information online).

In the RT analyses, there was a significant effect of session, such that RTs
increased from Session 1 to Session 2, F(1,53.24) =7.96,p < .001, np2 =.002
(see Table 7). Further, there was a significant effect of word type, F(2, 66.55)
= 55.52, p < .001, n,* = .023. Paired comparisons with Bonferroni correc-
tions showed that cognate items were recognized significantly more quickly
than FC and control items, which did not differ from each other (see Table 8).
There was no effect of LOIL, F(1, 64.65) = 0.1, p = .75, npz = .000, and no
interactions. Due to our theoretical interest, we examined performance sepa-
rately for each LOI group and each word type. These analyses revealed that
the word type effect manifested similarly in both the Hebrew and the English
LOI groups (see Table 8), and that there was no effect of LOI in any of the
word types (see Appendix S5 in the Supporting Information online). The RT
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Table 8 Summary of beta estimates of log reaction times for pairwise comparisons
with Bonferroni corrections for multiple comparisons for the word type effect in the
translation recognition test within each language of instruction (LOI) group separately

Group Comparison b SE 95% CI X2 p
Across LOI  Cognates vs. controls ~ 0.27 0.03 [0.21, 0.34] 103.85 <.001
FCs vs. controls 0.04 0.03 [—0.02,0.10] 2.45 352
Cognates vs. FCs —0.24 0.03 [-0.31,—-0.16] 64.94 <.001
Hebrew Cognates vs. controls ~ 0.26 0.03 [0.18, 0.33] 73.18 <.001
FCs vs. controls 0.04 0.03 [—0.03,0.11] 2.11 438
Cognates vs. FCs —0.21 0.03 [-0.30,—0.14] 46.23 <.001
English Cognates vs. controls ~ 0.30 0.03 [0.22, 0.37] 94.30 <.001
FCs vs. controls 0.04 0.03 [—0.03,0.11] 2.03 464
Cognates vs. FCs —0.26 0.03 [-0.34,—-0.18] 62.41 <.001

Note. FCs = false cognates. Three multiple comparisons were used to calculate the
Bonferroni adjustment.

increase from Session 1 to Session 2 reached significance for the more difficult
FC and control items but not for cognates.

Translation Production

The error analysis revealed a significant effect of LOI, F(1) = 8.90, p = .003,
such that learning through the L1 Hebrew was less error-prone than learning
through the L2 English (see Table 9). In addition, there was a main effect of
word type, F(2) = 54.91, p < .001. Paired comparisons with Bonferroni cor-
rections revealed that cognates elicited significantly fewer errors than FCs and
controls, which did not differ from each other (see Table 10). Although the in-
teraction between LOI and word type was not significant, the pattern of means
suggested differential effects (see Figure 1). Due to our theoretical interest, we
examined performance in each LOI separately and each word type separately
(see Appendix S5 in the Supporting Information online). These analyses re-
vealed that, in the English instruction condition, FC items elicited fewer errors
than control items, b = —0.79, SE = 0.38, 95% CI [—1.54, —0.05], z = —2.08,
p = .038, although this difference did not survive correction for multiple com-
parisons (see Table 10). In the Hebrew instruction condition this difference did
not reach significance (see Table 10). In addition, there was no effect of LOI for
cognates, but a significant advantage for learning through L1 Hebrew relative
to learning through L2 English for FCs, F(1) = 6.91, p = .009, and for control
items, F(1) = 10.66, p = .001 (see Appendix S5 in the Supporting Information
online).
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Table 9 Model summary predicting error rate in the translation production test as a
function of session, language of instruction (LOI), and word type

Fixed effects b SE 95% CI z p
Intercept 1.48 0.31 [0.87,2.10] 4.75 <.001
LOI (Hebrew) —0.89 0.30 [—1.48, —0.31] —2.98 .003
Word type (cognate) —4.16 0.41 [—4.96, —3.37] —10.27 <.001
Word type (FC) —0.69 0.38 [—1.43,0.05] —1.82 .069
Random effects Variance SD
Participant (intercept) 1.12 1.08

Word type (cognate) - -

Word type (FC) - -

Session (2nd) - -

Item (intercept) 1.23 1.11

LOI (Hebrew) - -

Session (2nd) - _
Residual

2 — . R2 —
R marginal — 379 R conditionnal =— .64

Note. Fixed effects reflect simple effects relative to the reference level when other vari-
ables are at their reference level without correction for multiple comparisons. For main
effects, see F' values in the text. FC = false cognate.

Table 10 Summary of odds ratios of error rates for pairwise comparisons with Bon-
ferroni corrections for multiple comparisons for the word type effect in the translation
production test within each language of instruction (LOI) group separately

Group Comparison OR SE 95% CI z ratio p
Across LOI Cognates vs. controls 64.35 26.08 [24.38,169.80] 10.28 <.001
FCs vs. controls 1.99 0.75 [0.80,4.92] 1.82 210
Cognates vs. FCs 0.03 0.01 [0.01,0.09] —7.80 <.001
Hebrew Cognates vs. controls  52.61 24.46 [17.29, 160.09] 8.53 <.001
FCs vs. controls 1.84 0.75 [0.69,4.90] 1.49 412
Cognates vs. FCs 0.03 0.02 [0.01,0.12] —6.63 <.001
English Cognates vs. controls  73.84 31.14 [26.91,202.66] 10.20 <.001
FCs vs. controls 221  0.85 [0.89,5.53] 2.08 0.11
Cognates vs. FCs 0.03 0.01 [0.01,0.09] —-7.67 <.001

Note. FCs = false cognates. Three multiple comparisons were used to calculate the
Bonferroni adjustment.
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Table 11 Model summary predicting log reaction time in the translation production test
as a function of session, language of instruction (LOI), and word type

Fixed effects b SE 95% CI df t p
Intercept 321 0.02 [3.18, 3.25] 75.89  171.67 <.001
LOI (Hebrew) - - - - - -
Word type (cognate) —0.19 0.02 [-0.22, —0.15] 55.86 —11.26 <.001
Word type (FC) —0.02 0.02 [-0.05,0.02] 53.28 —0.87 .389
Random effects Variance SD r r
Participant (intercept) 0.01 0.12

Word type (cognate) 0.00 0.06 —-91

Word type (FC) 0.00 0.05 -.59 .59
Session (2nd) - - — -
Item (intercept) 0.00 0.04

LOI (Hebrew) - -

Session (2nd) - —

Residual 0.02 0.13

2 — . R2 —
R marginal — 23’ R conditionnal = Sl

Note. Fixed effects reflect simple effects relative to the reference level when other vari-
ables are at their reference level without correction for multiple comparisons. For main
effects, see F values in the text. FC = false cognate. rs reflect the correlation matrix
among the random effects.

In the RT analyses, there was a significant effect of word type, F(2, 51.20)
=76.08, p < .001, n,> = .095 (see Table 11). Paired comparisons with Bonfer-
roni correction showed that cognate items were recognized significantly more
quickly than FC and control items, which did not differ from each other (see
Table 12). There was no effect of LOI and no interactions as these variables
were not maintained in the selected model. We nonetheless examined perfor-
mance separately for each LOI and each word type, which revealed that the
word type effect manifested similarly in both the Hebrew and the English in-
struction conditions (see Table 12) and that there was no effect of LOI for any
of the word types (see Appendix S5 in the Supporting Information online).

Discussion

The goal of the current study was to examine whether learning of novel words
is better when learning is conducted through the L1 versus the L2 of bilingual
speakers. L1 Hebrew—L2 English bilingual participants learned three types of
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Table 12 Summary of beta estimates of log reaction times for pairwise comparisons
with Bonferroni corrections for multiple comparisons for the word type effect in the
translation production test within each language of instruction (LOI) group separately

Group Comparison b SE 95% CI x? p
Across LOI Cognates vs. controls ~ 0.19 0.02 [0.14, 0.23] 126.81 <.001
FCs vs. controls 0.02 0.02 [—0.03,0.06] 0.76 1.00
Cognates vs. FCs —0.17 0.02 [-0.22,—-0.13] 94.89 <.001
Hebrew Cognates vs. controls ~ 0.19 0.02 [0.14, 0.25] 79.27 <.001
FCs vs. controls 0.02 0.02 [—0.04,0.07] 0.75 1.00
Cognates vs. FCs —0.17 0.02 [-0.23,—0.12] 59.68 <.001
English Cognates vs. controls ~ 0.18 0.02 [0.12, 0.23] 76.53 <.001
FCs vs. controls 0.01 0.01 [—0.05,0.08] 0.26 612
Cognates vs. FCs —0.16 0.02 [-0.21,—-0.11] 67.77 <.001

Note. FCs = false cognates. Three multiple comparisons were used to calculate the
Bonferroni adjustment.

novel words in German (L3), differing in their degree of lexical-form and se-
mantic overlap with English (cognates, FCs, and control items). Half of the
participants learned the novel words through their L1 Hebrew, whereas the
other half learned the same set of words through their L2 English, which is
also the more typologically similar language to German. Despite this overlap
between the L2 and the L3 being learnt, results showed an overall advantage
for the group that learned through Hebrew (the L1). An additional finding was
that L2 —L3 cognates were learned better across all measures, regardless of the
LOIL. Finally, there was a FC advantage over control words in the error rate
when learning through the more similar L2. In the following paragraphs we
address each of these findings.

The Effect of Language of Instruction

In the present study we examined the role of LOI and observed better learning
through the L1. Error rates in both the translation recognition and the trans-
lation production (from the L1/L2 to the L3) tests were lower for participants
who learned the novel German vocabulary via their L1 (Hebrew) and not
via their L2 (English). These findings extend the results of Bogulski et al.
(2019), who found that whereas English—Spanish bilinguals outperformed
English monolinguals when learning novel Dutch words via their L1 English,
this advantage was not found for Spanish—English and Chinese—-English bilin-
guals learning via their L2 English. Thus, in their study a L1 LOI advantage
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was observed when comparisons were made among different bilingual popula-
tions. The current study directly compares two groups sampled from the same
bilingual population and showed that learning through the L1 was superior
to learning through the L2. To understand this L1 advantage, one may resort
to the language regulation mechanisms proposed by Bogulski et al. (2019).
Because bilinguals inhibit their L1 while learning and using their L2 (Green,
1998), they accumulate experience in L1 inhibition but not in L2 inhibition.
As a result, participants who learned German words through their L1 were
more experienced in inhibiting the language through which learning took
place, compared to participants learning through their L2. This experience in
language regulation may have allowed for better learning through the L1.
Another possible explanation for the advantage in learning through the L1
centers on the differential proficiency patterns in the two languages. When
the LOI is also the more proficient language (i.e., the L1), the learner may be
better able to process new information due to the higher availability of cogni-
tive resources (Segalowitz, 2003; Tzelgov & Kadosh, 2009). This is especially
true when learning more difficult items (control items), because these require
learning of a novel form and mapping it to a meaning (Tokowicz & Degani,
2015). In the current data, there is suggestive evidence that the effects of LOI
varied by the difficulty of the to-be-learned materials. Specifically, although
the interaction between LOI and word type did not reach statistical signifi-
cance, follow-up tests revealed that when the learning material was relatively
easy (i.e., cognates), LOI did not tend to moderate learning. Conversely, for
FC items, which were moderately difficult to learn, a LOI effect (i.e., bene-
fits of L1 over L2 vocabulary instruction) emerged in the production test and
not the recognition test. Because in the recognition test the phonological form
of the novel German word was auditorily presented, this was an easier task than
the production test, in which participants were required to retrieve the phono-
logical form of the German word (e.g., Kaushanskaya & Yoo, 2011). Together,
the descriptive findings that the effect of LOI was stronger for more difficult
items and in more difficult tests imply that the advantage in learning through
the L1 may be at least partially driven by the available cognitive resources that
learners have during both the learning task and the test. Learning through the
more proficient L1 frees up more cognitive resources to deal with more diffi-
cult learning conditions, and thus the L1 LOI advantage tended to be stronger
when learning task and test requirements were high. Accordingly, when
learning difficult items (control and FC items), and when required to retrieve
the phonological form of the novel word (production but not recognition), an
advantage for learning through the (dominant) L1 was more prominent.
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The language regulation and the proficiency/resource-availability accounts
are not mutually exclusive. Instead, it is likely that both experience with regu-
lation of the L1 and the availability of more cognitive resources when learning
through the more proficient L1 played a role in the observed effects. The joint
contribution of both mechanisms is especially likely in the current population,
where participants’ L1 was also their dominant language. Notably, both ac-
counts predict that learning would be better through the dominant language,
even when it is not the first acquired one. Indeed, based on the post hoc anal-
yses they performed, Bogulski et al. (2019) suggested that language regula-
tion depends on language dominance, such that irrespective of the order of
acquisition, bilinguals should be better able to inhibit their dominant language
and thus use it more effectively as a LOI. Thus, even when bilinguals’ domi-
nance profile has changed, such that their first-acquired language has become
their less dominant one (Martin et al., 2020), learning of novel words is ex-
pected to be better through their dominant, more proficient L2 under both the
language regulation and the proficiency/resource-availability accounts. Future
studies will test if these predictions are borne out.

The present study thus suggests an advantage for learning novel words
through the (dominant) L1. Although follow-up tests suggested that under a
certain condition (i.e., when learning cognates) the LOI effect was not present
(as found by Tomoschuk, 2019; Tomoschuk et al., 2021), critically, the ef-
fect did not reverse: Learning through the L2 was never better than learn-
ing through the L1. Thus, although both the L2 and L3 are nonnative lan-
guages, and consequently the L2 is more similar to the L3 in terms of learn-
ing circumstances, age of onset, memory representations, and in the current
case even typological similarity, there was no advantage for learning through
the L2.

Of note, the effect of LOI emerged in both the recognition and the produc-
tion tests, although the two tasks differ in their level of difficulty (see also, e.g.,
Degani & Goldberg, 2019; Degani & Tokowicz, 2010a), as well as in the type
of word knowledge and associated mechanisms that they tap. Specifically, the
recognition test taps the mapping of the novel form to available representations,
whereas the production test requires retrieval of the novel form itself. The cur-
rent findings thus suggest that the LOI affects both of these components of the
word-learning process. More prominent effects were apparent in the error-rate
data compared to the latency data, probably because RT modulations tend to
surface only when performance is accurate enough (for discussion, see Bruyer
& Brysbaert, 2011).
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The Effect of Word Type

Consistent with previous research, we found a learning advantage for cognate
words (e.g., De Groot & Keijzer, 2000). Cognates were learned better across
both LOIs, such that learners were able to utilize the overlap in form and in
meaning between one of their languages (their L2) and their novel language,
irrespective of whether the similar representation was overtly presented during
learning (that is, in the Hebrew LOI condition, the English translations were
not overtly presented, and still the cognates with English were learned better).
This finding is consistent with the suggestion of Bartolotti and Marian (2017),
who found that form overlap with either one of a bilingual learner’s known lan-
guages facilitated learning. In the current study, we did not observe any benefit
for learning cognates through the similar language or through the dominant
language, even though words (and not pictures, which allow learners to rely
on either language as in Bartolotti & Marian, 2017) were used. This pattern
probably occurred because cognates were easily learned.

As for FC items, the pattern of means suggested some modulations by
LOI, although this interaction did not reach statistical significance, perhaps
due to reduced power. Nonetheless, a nuanced follow-up analysis revealed that,
whereas the difference between FC and control items did not reach significance
when collapsing across LOIs (though it was marginal in the recognition error
rate), there was an advantage for FC over control items when learning occurred
through the more similar L2 English. Critically, however, examination of
Figure 1 reveals that in both error rates and RTs, performance was always nu-
merically better on FC than control items, across both LOIs and in both types
of task (recognition vs. production).

FCs were expected to entail two opposing mechanisms (Elias & Degani,
under review; Fang, Perfetti, & Stafura, 2017). Form overlap may serve to fa-
cilitate learning (as found by Mulik et al., 2019), whereas meaning competi-
tion may hinder performance (as found by Rodd et al., 2012). Because FCs
were learned better than control items, our findings suggest a greater role for
the form facilitation mechanism, especially when learning took place through
the language that shares the form similarity with the novel word. That is,
it may be that learning through English activated the English lexicon more
strongly, allowing learners to benefit more from the lexical-form similarity.
This increased English availability may free up cognitive resources needed for
the tasks of mapping a new meaning onto a known form and negotiating the
meaning competition. Notably, the greater reliance on the form component
(leading to facilitation) relative to the meaning component (which would have
resulted in interference) may be at least partially biased by the particular
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characteristics of the current learning paradigm. Because the to-be-learned
German words were presented with translations (i.e., word forms rather than
images, for instance), learners may have been less likely to develop direct links
to concepts (Kroll, Michael, & Sankaranarayanan, 1998). Learning paradigms
that put a greater emphasis on meaning (for discussion, see Rice & Tokow-
icz, 2020) may tilt the balance toward meaning competition having a stronger
effect in the case of FC learning, relative to facilitation due to form overlap.
Nonetheless, in a recent study, Polish speakers learned via images 24 L2 non-
words that could be cognates, FCs, or noncognate controls (relative to their
L1 Polish; Marecka et al., 2020). The findings showed a FC advantage over
controls in a production test, with no difference in a recognition test. Thus,
even when learning was supported by images (thus potentially offering a more
direct link to concepts), form facilitation appeared to outweigh the meaning
competition associated with FCs during the initial stages of learning.

The observed word-type effects are informative for considering item-based
versus whole-language similarity. Our findings show a greater role of item-
based similarity, given that no whole-language typological similarity effect was
present (learning German through English was not overall better than learning
it through Hebrew). At the same time, item-based similarity affected perfor-
mance, in that cognates were learned better than controls, and FCs were learned
better under some conditions. Thus, when examining novel language learning
and the effects of LOI, future research should go beyond manipulations of
whole-language typological similarity and examine overlap across languages
at finer-grained levels of representation.

Limitations and Future Directions

The current study is the first to examine how LOI affects vocabulary learning
among multilingual speakers. The results of the current study reveal that learn-
ing through translations given in the L1 can be better than learning through
translations in the L2. Notably, however, when interpreting these findings, it
is important to keep in mind that the power to detect significant effects, and
specifically significant interactions between LOI and word type, was limited
(Brysbaert, 2020; Brysbaert & Stevens, 2018). The number of items that par-
ticipants can learn in such a vocabulary paradigm is limited, but future studies
in which more participants are tested per group would be especially informa-
tive to examine the replicability and stability of the findings. Nonetheless, by
observing significant effects of LOI across measures and sessions, as well as
consistent word-type effects, this study sets the ground for future replications
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and extensions in which additional populations, stimuli, and language domains
are tested. Below we set out several areas for possible extension.

First, all participants in the current study were immersed in an environ-
ment in which the L1 is widely spoken. Thus, the larger language context in
which the study was conducted is biased toward the L1. Given that language
context has been shown to affect the level of activation of the two languages
among bilingual speakers (Kreiner & Degani, 2015; Linck et al., 2009), future
studies should examine whether the LOI effect observed here extends to other
environmental language contexts.

Second, some research indicates that bilinguals’ lifelong patterns of lan-
guage use (in terms of interactional context) affect the interplay between the
two languages of the speakers and the language control system (e.g., Green &
Abutalebi, 2013). The Hebrew—English bilinguals tested in this study tended
to use each language in separated life contexts with few instances of language
switching (Beatty-Martinez et al., 2020). It is thus unknown whether the LOI
effect observed here would manifest similarly in other bilingual populations
that differ in interactional domains of language use.

Third, in the current study item-based similarity was operationalized by
categorically differentiating high phonological overlap (cognates and FCs) ver-
sus low phonological overlap (control items). However, there was variability in
the degree to which items overlapped across English and German. Given the
importance of phonological overlap underscored by the current findings, future
studies in which form overlap is examined as a continuous and complex vari-
able, including both phonological and orthographic overlap, may be especially
revealing in the case of word learning, given that this approach has been pro-
ductive with respect to bilingual word processing (e.g., Dijkstra, Grainger, &
Van Heuven, 1999; for discussion, see Degani & Tokowicz, 2010b).

Finally, in addition to the effects of LOI and item-based language simi-
larity exemplified in the current study, novel word learning may also be af-
fected by indirect influences from other cognitive abilities (Hirosh & Degani,
2018). For instance, participants’ phonological short-term memory has been
shown to positively correlate with word learning (Degani & Goldberg, 2019;
Martin & Ellis, 2012) and language learning more generally (e.g., Linck et al.,
2013). Similarly, cognitive control abilities, including working memory and in-
hibitory control (as proposed by Miyake & Friedman, 2012), have been linked
to language learning among children (e.g., Gandolfi & Viterbori, 2020), young
adults (Linck & Weiss, 2015; Martin & Ellis, 2012, for working memory),
and older adults (Pot, Porkert, & Keijzer, 2019). Most relevant to the focus of
the current study, to the extent that the ability to regulate irrelevant linguistic
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knowledge is linked to domain-general cognitive control (e.g., Bartolotti, Mar-
ian, Schroeder, & Shook, 2011), and that word learning depends on language
regulation (Bogulski et al., 2019), then individuals with better cognitive control
are expected to show better learning, especially in the case of FCs when inhi-
bition of the known meaning is beneficial. The low reliability of the cognitive
measures collected here, as well as limitations in power, preclude systematic
examination of these issues within the current study. These interesting poten-
tial moderators therefore await future research.

Conclusion

To conclude, the present study is the first to systematically examine the ef-
fects of LOI on novel word learning within the same bilingual population (but
see Tomoschuk, 2019 and Tomoschuk et al., 2021, for effects on inhibitory
control). The findings show better learning through the more proficient lan-
guage (the L1). This pattern was more pronounced for difficult-to-learn items
and in tests that required production of the novel words. Further, this L1 in-
struction advantage was present even though the L2 in the current study was
typologically similar to the novel learned language. By manipulating item-
based similarity, the present study demonstrated that novel language learning
is more strongly affected by overlap of specific representations than by whole-
language similarity. These findings carry potential educational implications, in
that learning a novel language through the less proficient L2 is expected to be
less efficient than learning through the L1, at least when the L1 is still the dom-
inant language (i.e., when no switched dominance has occurred). To the extent
that learners have the option to choose the language through which to acquire
an additional language, the current findings favor the dominant L1.
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Appendix: Accessible Summary (also publicly available at
https://oasis-database.org)

Should Bilinguals Learn Novel Words With Translations in Their
First-Language or in Their Second-Language?

What This Research Was About and Why It Is Important

Bilingual speakers can learn foreign vocabulary through translations in their
first-language, or through translations in their second-language, but which is
better? To test this, adult native Hebrew speakers, with English as their second-
language, learned words in German either with Hebrew (native language)
translations, or with English translations (a second-language, that is more sim-
ilar to German). Some of the learned German words were similar to English
in sound and meaning (for instance Maus in German translates as “mouse”
to English), some were similar to English in sound but differed in meaning
(Gift in German means “poison” in English), and some were dissimilar (Saff in
German means “juice”). We found that generally bilinguals learned the words
better with translations in their first-language, especially when words were dis-
similar across the second and third languages. Similar words (like Maus) were
the easiest to learn. Similar words with a different meaning (Giff) tended to be
easier to learn with the English translation. Overall, learning with translations
in the native language, in which speakers are more proficient and experienced,
resulted in better learning.

What the Researchers Did

® 59 adult native Hebrew speakers, who have learned English in school as
their second-language, participated.

e Each participant learned 55 German words, presented via headphones, so
learners never saw German spelling.
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® Half of the participants learned German words with their Hebrew transla-
tions, and half with English translations.

® The German words to be learned could be similar to English in sound and
meaning, in sound but not meaning, or dissimilar. All German words did not
sound like words in Hebrew.

o After learning, participants were asked to (a) recognize which of four trans-
lations (in Hebrew or in English, in line with their learning condition) were
the correct translation of the German word, and (b) to say the German word
out loud when seeing its translation (in Hebrew or English, as per their learn-
ing condition).

What the Researchers Found

e Bilinguals learned the German words (especially dissimilar ones) better with
their first-language (Hebrew) translations than their second-language (En-
glish) translations, even though English is more similar to German.

e Words that were similar in sound and meaning were easiest to learn, regard-
less of the LOI.

® Words that were similar in sound but not meaning tended to be easier to
learn, especially through English.

Things to Consider

® Learning through the first-language was generally better, perhaps because
processing the first-language is easier, freeing up cognitive resources to learn
the novel words, and because bilinguals may be more experienced in “ignor-
ing” their first-language in order to process information in other languages.

® To the extent that bilingual learners can choose the language through which
to learn an additional language, the current findings favor the more proficient
firstly acquired language as the LOIL.

Materials, data, open access article: Materials and data are publicly available
at:  https://osf.io/habuz/?view_only=bde3ec16027c4671a13e264913ee3d99
and iris-database.org.

How to cite this summary: Hirosh, Z., & Degani, T. (2021). Should bilinguals
learn novel words with translations in their first-language or in their second-
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