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Introduction: This paper examines the productive vocabulary skills of five groups
of English-Hebrew bilinguals in Israel and the United States. The juxtaposition
of these five groups allows us to simultaneously compare performance across
dominance profiles, acquisition contexts (L2 learned in school, HL maintained at
home, immigration and immersion), and countries (Israel and the USA).

Methods: A total of 185 participants took part in study: Hebrew-dominant
heritage English speakers, Hebrew-dominant L2-English speakers, English-
dominant heritage Hebrew speakers, and English-dominant L2-Hebrew speakers
in the US and in Israel. They were all administered the MINT assessment in both
languages, as well as background questionnaires. We then employ network
modeling based on a secondary data analysis of background questionnaires to
consider how each group’s lexical proficiency ties in to reported input factors.

Results and discussion: The MINT results indicate clear language dominance in
all the groups except Hebrew-dominant heritage English speakers, who show
balanced proficiency in both their languages. The network models indicate
key distinctions between the groups as a function of linguistic context, and we
assess our findings in the context of recent work on quantifying the bilingual
experience.

KEYWORDS

heritage language, L2, English, Hebrew, network modeling, input factors, vocabulary,
lexicon

1 Introduction

Languages beyond the majority language spoken in a given society are acquired in a
variety of ways. Under one scenario, a person acquires her first language (L1) in a
monolingual setting, might learn a second language (L2) in school and become a late
sequential bilingual, and this language acquisition might be supported to varying degrees
by personal media consumption. In another scenario, a speaker might emigrate from one
country to another, thus becoming immersed in a new L2 (which may or may not have been
previously studied as an L2) as a late sequential bilingual or adult learner. While this latter
scenario may be similar to the first example of L2 acquisition, the context—language
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acquisition in a classroom versus assimilation in everyday life—is
crucially different. In yet another scenario, a speaker’s L1 might
be her heritage language (HL), a language acquired naturalistically
at an early age, distinct from the dominant societal language (SL)
where the speaker grows up (Rothman, 2009). In this scenario,
speakers start out either dominant in the HL or balanced in the HL
and the SL, as either simultaneous or early sequential bilinguals, but
shift dominance to the SL once they begin schooling (Benmamoun
etal., 2013). While each of these manifestations of bilingualism—L2
acquisition in school, immigration contexts, and heritage
languages—have been thoroughly studied in their own right, few
studies have considered them in concert. These few studies have
generally explored one language in various forms: as an HL, as an
L2, and as a majority SL among monolingual speakers. Studies that
consider these diverse bilingual scenarios across a language dyad are
few and far between.

To bridge this gap, we combined production and language use
data from five groups of bilingual English/Hebrew speakers, with
some groups mirroring each other. These groups included Hebrew-
dominant heritage-English speakers, Hebrew-dominant L2-English
speakers, English-dominant heritage-Hebrew speakers, and English-
dominant L2-Hebrew speakers in the US and in Israel (see the top
section of Table 1 for a concise understanding of the groups and
their language dynamic). We assessed the participants’ productive
vocabularies in both Hebrew and English and conducted a network
analysis of participants’ linguistic background and input factors and
lexical proficiency in both languages. The goal of this paper is to
compare the same languages in different contexts and with different
statuses, and to explore how linguistic experience could play
different roles accordingly. To this end, we purposefully compare a
high-prestige language (English), which is a lingua franca
(Phillipson, 2008), to a language with lower prestige but
demonstrated cultural value (Hebrew), to consider how proficiency
in each might interrelate with input and other factors. As the lexicon
is known to be particularly susceptible to input factors (Gharibi and
Boers, 2017), we expect to highlight multiple relations of interest
between background variables and proficiency in Hebrew and
English. The network analysis, described in greater detail in section
2.3, is a relatively novel methodology that allows us to explore
potential connections between variables without explicitly testing
for causation. Thus, the present study will shed light on the
interconnectedness of lexical proficiency in English and Hebrew
with other measures of language use, as a function of linguistic
context. The present study combines data collected from three
previous studies (Bar On and Meir, 2022; Livni and Meir, 2022;

TABLE 1 Participants’ background information.

L2-ENG-IL

L2-HEB-US
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Fridman and Meir, 2023a), each using a unique background
questionnaire. Therefore, in addition to juxtaposing proficiency
scores and building network models, we will discuss the
methodological implications and challenges of integrating cross-
study data (see Nicklin and Plonsky, 2020; Bialystok et al., 2022 for
previous examples of secondary data analysis).

2 The bilingual lexicon

For several decades, bilinguals have consistently been shown to
have a smaller vocabulary in each of their languages than monolingual
speakers of either (Bialystok and Luk, 2012). If words are acquired as
a function of frequency, then this phenomenon is a natural
consequence of bilinguals splitting their time and exposure between
two languages, while monolinguals’ time and exposure are
concentrated on one, leading to lower frequency representations
among bilinguals (Gollan et al., 2005).

A recent meta-analysis of 130 studies found evidence for the
bilingual “lexical deficit” (Bylund et al., 2023, p. 898) only among
sequential bilinguals who learned their L2 later in life, and only in the
L2, and not for simultaneous bilinguals or for sequential bilinguals in
their L1 (Bylund et al., 2023). Meanwhile, while HL speakers (who can
be either simultaneous or early sequential bilinguals) score fairly
consistently higher on vocabulary assessments in their dominant SL,
usually their L2, than in their HL, their lexical proficiency has been
shown to be highly variable (see, for example, Fridman and Meir,
2023a, findings that HL-Hebrew speakers in the US ranged from 15
to 82% accuracy on an HL vocabulary assessment). Generalizing
beyond vocabulary size, studies have shown that knowledge of one
language can affect the bilingual’s knowledge of another (Prior and
van Hell, 2021), for example in cases of code-switching, co-activation,
cross-linguistic influence, or other blending of features between
languages at every linguistic level.

Grosjean (1989) thus argues that bilinguals are not, and cannot
be considered as, “two monolinguals in one” Counterpointing the
documented limitations of bilingual vocabularies per language, some
have posited that the conceptual vocabulary of bilinguals is quite
robust. That is, even though bilinguals’ vocabulary knowledge is
distributed across two languages, the number of concepts they can
name in either of the languages matches that of monolinguals in their
one language or even surpasses it (Oller et al., 2007; Core et al., 2013).
Several studies of children have found bilingual conceptual vocabulary
scores to be similar to or higher than those of monolinguals (Pearson
et al., 1993; Junker and Stockman, 2002; Ehl et al., 2020). To our

L2-HEB-IL HL-ENG-IL HL-HEB-US

Country of residence Israel United States Israel Israel United States
English status L2 L1 L1 HL SL
Hebrew status L1 L2 L2 SL HL
Number of participants 50 27 20 48 40

Age 21.6 (3.9) 18-30 22.1 (5.6) 18-36 26.3(2.9) 23-30 21.9 (3.7) 18-30 26.3(7.5) 18-44
Gender 26F, 24M 12E 15M 9F 11IM 24F, 24M 15E 25M

Age of onset of bilingualism 9.31 (2.09) 5-14 5.59 (2.31) 2.5-15

14.45 (4.37) 8-20 1.88 (1.91) 0-5 2.77 (3.03) 0-10
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knowledge, no such studies have been conducted on bilingual adults,
although we have no reason to believe this phenomenon would change
significantly as bilinguals age.

Luk and Rothman (2022) note that, as with other linguistic
domains, bilingual lexical abilities will vary by the type of
bilingualism, the amount and type of language exposure, and
many other factors. The sum of the findings discussed in this
section points to the importance of considering language
experience and background when assessing lexical proficiency, as
a means to understand which factors play the most pivotal roles
in promoting bilingual vocabulary.

2.1 The bilingual lexicon and effects of
background and input factors

A variety of background and input factors have been proposed to
predict lexical proficiency among bilinguals. Background factors, such
as socio-economic status (SES) and biological age, and input factors,
such as age of onset of bilingualism, number and types of interlocutors,
and language use over time and across contexts, might have
cumulative effects and/or interact with each other. We will discuss in
this subsection how these factors affect language skills in bilinguals.
Individuals’ socio-economic status (SES) also affects their language
skills: children with lower SES have lower productive and receptive
vocabulary skills. This has been demonstrated for monolingual and
bilingual children, since SES might be a proxy for the richness of the
language input available to the child (for an overview, see De Cat,
2021). In particular, higher parental education positively impacts both
languages of bilingual children (Mickisz et al., 2017).

Finally, age is known to mediate L1 lexical development, as
monolingual children know fewer words than monolingual adults.
With respect to L2 and HL acquisition, the impact of age is not
straightforward. A study of child and adult HL-Russian speakers
found that adult HL speakers had a larger HL vocabulary than their
child counterparts on verbs, while on nouns this was the case only for
participants with SL-Hebrew, but not with SL-English (Fridman and
Meir, 2023b). HL proficiency in children is often higher in early
childhood and deteriorates as the HL speaker ages and becomes more
exposed to the SL (Armon-Lotem et al., 2021). Thus, age is much more
likely to interact with other factors, such as age of acquisition of the
SL/L2 and cumulative input (for example, an older L2 speaker with an
earlier age of acquisition of the L2 might have more cumulative input
and therefore be more proficient or, conversely, might have had more
time to forget vocabulary, if most learning took place earlier on and
was not reinforced). Thus, these additional confounding input
variables must be considered.

In addition to age, age of onset of bilingualism (AoB) generally
refers to the age at which an individual becomes exposed to an
additional language, whether this is the SL or the L2. It has been
widely shown to play a key role in bilinguals’ language proficiency
(Bylund et al., 2021). For L2 speakers, an earlier age of acquisition
leads to higher proficiency in the L2, while for HL speakers, a later age
of acquisition of the SL may lead to higher proficiency in the HL
(Montrul, 2008; Paradis, 2023). Furthermore, HL speakers with a later
AoB often have higher self-ratings of both HL proficiency and HL
language use overall (Macbeth et al., 2022), although AoB does not
always predict HL performance (Montrul and Sanchez-Walker, 2013).
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Thus, it becomes important to consider the interactions between AoB
and language experience (Kim and Kim, 2022).

Language use in the family has been proposed to play an
important role in HL maintenance and L2 acquisition. In particular,
Bridges and Hoff (2014) found an effect of sibling language use on HL
knowledge in children, such that children without older siblings at or
above school-ages had more HL input than those with such siblings.
This can be attributed to the fact that the older siblings begin switching
into the more-widely-used SL and bring the SL home with them, using
it to speak both with the younger HL speakers and with their parents,
and in turn leading their parents to use it more, so that the younger
HL speakers would have less HL (and more SL) parental input.
Similarly, L2 input from older siblings was found to facilitate L2
development in children more so than did L2 input from the mother
(Duncan and Paradis, 2020).

For studies of adults, while understanding language input from
childhood may be informative, it may not correspond directly (or at
all) to current real-world language use (Macbeth et al., 2022). For
example, frequent exposure to the HL during childhood may have
dwindled over time, and effects of language input from parents and
siblings may fade once the HL speaker has moved out of the family
home. Thus, it is important to consider current language use in
addition to language use at different points in time, rather than using
an aggregate average measure that lumps this language experience
together without distinction.

Other input factors, such as HL use in the broader community,
can directly contribute to HL speakers’ positive attitudes toward their
HL, and in turn to higher HL proficiency (Jee, 2018). Motivations for
maintaining and advancing HL proficiency include an intrinsic desire
for easier communication with non-SL-speaking family members (Jee,
2018) but also extrinsic pressure from family (Comanaru and Noels,
2009). Some HL speakers see the HL as an innate part of their self-
concept (ibid) while others report similar motivations to those of L2
learners: increased confidence, acquiring or sharpening a skill, or
gaining a useful tool for career advancement. Studies have shown that
L2 learners’ motivations to learn a language may be modulated by
proficiency, with lower-proficiency learners citing general ideas such
as participating in a multilingual workplace, and more advanced
learners setting concrete goals for utilizing the language (Wen and
Piao, 2020). Rodina et al. (2020) showed that the size of the
HL-speaking community and access to formal instruction in the HL
were significant predictors of HL performance in the domain of
morphosyntax. Similarly, in a study of HL-Arabic speakers, Albirini
(2014) found language use across time and contexts to be a significant
predictor of HL proficiency, with the highest HL proficiency found
among speakers with a higher number of interlocutors. In the same
vein, it was shown that the lexical proficiency of HL-Hebrew,
HL-Chinese, and HL-Spanish child speakers positively correlated with
the number of HL interlocutors in the child’s environment (Gollan
etal., 2015).

Several studies have found a positive effect of media consumption,
focusing on television, on L2 vocabulary acquisition (Lin and
Siyanova-Chanturia, 2015). Similarly, media engagement, as well as
engagement in extracurricular and cultural activities, has been found
to be positively correlated with bilingual vocabulary development (see
Paradis, 2023 for an overview). Extending this, studies have shown a
positive association between HL use with friends and HL proficiency
(Paradis, 2023).

frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1331801
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org

Fridman et al.

In some contexts, a language might be maintained as an HL or
acquired as L2 for identity or religious purposes. Regarding identity,
in a study of 40 college-aged HL-Korean speakers in the US,
participants were overall found to have a high level of biculturalism—
considering themselves a blend of Korean and American.
Furthermore, participants with higher HL proficiency were more
likely to rate themselves as bicultural, suggesting that greater
proficiency in the HL leads to a greater ability to balance the societal
and home cultures (Lee, 2002). Kagan (2012) likewise found that HL
speakers tend to straddle the minority and majority cultures, often
describing themselves as having hyphenated identities, such as
Russian-American. Extending this, Albirini (2014) found a positive
correlation between a strong sense of ethnic identity tied to the HL
and HL-Arabic proficiency. Indeed, HL-Arabic speakers reported that
they study Arabic in the USA for reasons of ethnic identity and
because of their religious affiliation, be that Christian or Muslim (for
an overview see Bale, 2010). The same can be applied to Hebrew,
which is learned as part of the Jewish cultural and religious identity.
For example, speakers of so-called Jewish English use thousands of
words from Yiddish, Textual Hebrew/Aramaic, and Modern Israeli
Hebrew (Benor, 2009, 2018) as part of their Jewish identity. The
direction of the relationship between HL proficiency and identity is
not always clear or unequivocal. While Lee (2002) interpreted
HL-Korean proficiency as affecting self-identification, and Albirini
(2014) suggested that identity inspired HL- Arabic speakers to formally
study their HL, either of these cases could be interpreted in the reverse
direction as well. Thus, until the observed correlations are studied in
greater detail and in more contexts, we can only conclude that a
connection has been identified between identity and HL proficiency,
without commenting on causation.

2.2 Documenting diverse bilingual
language experience: a network approach

The factors described in the previous sections have been
considered across myriad studies and operationalized in numerous
ways. Kascelan et al. (2021) surveyed 48 different questionnaires
aiming to profile language experience and background, finding a hefty
range of factors of interest, methods for measuring those factors, and
the scales employed therein. They note that even when the same labels
are used across questionnaires, the variation within the measures begs
the question of whether the same constructs are even being
considered. For example, de Bruin (2019) points out that across
numerous questionnaires, L2 age of acquisition might refer to the age
at which a speaker immigrates to a new country, the age at which a
speaker begins acquiring the language, the age at which a speaker
reaches fluency in the language, the age at which a speaker becomes
regularly exposed to the language on a daily basis, or the age at which
the speaker begins receiving instruction in the language. Although
there is consensus among the research community that age of
acquisition is crucial in understanding an individual’s language
background (de Cat et al., 2023), it is clearly apparent how the factor’s
exact definition can have a significant effect on outcomes, and how
defining it otherwise could lead to skewed results.

When considering current language use, it is not the
operationalized definition that leaves room for doubt, but the
formulation of the question (see Anderson et al, 2018 for an
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overview). This question might ask a bilingual participant to estimate
the percentage of the use of one language per day, assuming that use
of a second language makes up the difference to 100%. Alternatively,
a participant might be asked to estimate an average daily percentage
for each language, without assuming a maximum of two languages.
Other questionnaires might consider the frequency of use of a given
language, without defining a timeframe or setting, while still others
might ask to note which languages were in use, specifying neither
timeframe, nor frequency, but binary presence/absence. Naturally, the
formulations of these questions leave significant space for variance
and granularity and will play a significant role in the derivation
of conclusions.

Furthermore, many questionnaires collecting self-rating
information about language proficiency and use across contexts ask
participants to provide an ordinal ranking. Setting aside the
subjectivity of the estimations the participants provide, a more crucial
issue is the variation in scales among these questions between
questionnaires, with some prompting a ranking on a scale of 1-5,
others of 1-7, others still 1-10, etc. It is not obvious whether a
participant would provide an analogous ranking between the scales
(Macbeth et al., 2022). For example, wanting to select an option close
to, but not quite 100%, a participant might rank a 4 out of 5 on one
scale, a 6 out of 7 on another, or even a 9 out of 10, leading to a
variation of 5-10% for what was an estimate in the first place. Thus,
comparing such self-assessments across varied questionnaires
becomes problematic.

While there are undeniable practical challenges that come with
assessing language data from questionnaires and all the more so from
combining data collected from different questionnaires, the field is in
agreement that bilinguals are far from a uniform population and can
vary on myriad axes, each of which can be measured and indexed in
a variety of ways (Kaushanskaya et al., 2020; Marian and Hayakawa,
2021; Kalamata et al., 2022a). Thus, in addition to challenges of
interpreting questionnaire results, a task arises of how best to present
and assess the interactions between this multitude of variables of
interest. A recently proposed methodology for capturing the bilingual
experience is network modeling (Freeborn et al., 2022; Kalamala et al,,
2022b). Network modeling is most useful for assessing complex,
dynamic, and multivariate systems which may not be explained as well
through unidirectional statistical techniques (Zalbidea et al., 2023).
Furthermore, this methodology is particularly useful as an exploratory
model used to generate hypotheses based on estimated relationships
and interdependencies (Epskamp et al., 2016), and is arguably more
fitting than other methodologies such as structural equation modeling
for the specific purpose of exploration (see Abacioglu et al., 2019 for
a discussion). Network models have been used in related fields such
as psychology for over a decade but have only recently begun to make
waves in bilingualism research.

Network models consist of nodes, representing the variables
entered into the model, and edges connecting these nodes,
representing partial correlation coefficients between the variables
(Bringmann et al., 2019). Edges can vary in density and color to
represent the strength of the correlations and the direction of the
relationships (positive or negative), respectively. It is important to note
that, while network models can shed light on partial correlations
between variables, they do not show causality, something that must
be taken into account when interpreting findings. While network
modeling can first and foremost show us the “bigger picture”
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understanding of which variables connect to each other and the ways
in which they do so, we are also able to derive indices of centrality for
each node, which can broadly highlight the influence of a given node
within the network. The three most-commonly used measures of
centrality are node strength, or the absolute number of connections a
node has along with their robustness, betweenness, or how often a
node can be found in the shortest path between two other nodes, and
closeness, or how close the node is to other nodes (Zalbidea et al.,
2023). However, the latter two measures have garnered significant
scrutiny regarding their proper application and relevance in models
beyond social networks (for example in the field of psychology), and
it has been recommended that future work considers alternative
measures or avoids them entirely (Bringmann et al., 2019). Bringmann
etal. (2019) further draw attention to potential pitfalls of centrality
measures, such as confounds that might arise among closely
conceptually related factors (consider, for instance, the fundamental
distinction between two nodes representing unique individuals in a
social network as opposed to the two factors “language use between
the ages of 6-12” and “language use between the ages of 13-18,” which
have much clearer overlap). However, so long as the interpretations of
centrality in a given model are made explicit, we believe that such a
measure provides useful insights into particular relationships between
particular nodes, and complement the network as a whole in showing
us where we should point our efforts in future investigations.

2.3 The present study: English and Hebrew
in Israel and the USA

The present work considers five groups from across the Hebrew-
English dyad in Israel and the USA. Before outlining our research
aims and hypotheses, it is important to set the stage for the context in
which Hebrew and English are acquired.

In Israel, Hebrew is the SL, the only official language (for an
overview of Israel’s linguistic makeup, see Meir et al., 2021). English
enjoys a universal level of prestige in the country, although it is not
one of Israel’s official languages (Gordon and Meir, 2023). In fact,
English-dominant immigrants are less likely to attain the same levels
of Hebrew as other immigrant groups, as their knowledge of English
suffices to fulfill their major communication needs (Beenstock, 1996).
English is one of seven required subjects for high school matriculation
exams, and demonstrated proficiency is a prerequisite for university
acceptance at all degree levels (Rose et al., 2023; Israeli Ministry of
Education, 2024). English-speaking immigrants to Israel are typically
well-educated and enjoy a relatively high socioeconomic status (Joffe,
2018). Most English-speaking families strive to speak mostly or
exclusively English at home, in order to maintain or improve children’s
English proficiency, as it is deemed important and advantageous for
social and economic advancement (Kayam and Hirsch, 2012).

In the USA context, Israeli immigrants are considered a highly-
assimilated and successful migrant group, although they are known to
maintain close ties with their home country and are active in local
expat communities (Fridman and Meir, 2023a). Notably, Israeli expats
and their children are not the only speakers of Hebrew in the
United States. Hebrew is also the ethnoreligious language used by
diaspora Jews, both in religious and in cultural settings. For both
groups, Hebrew is present through casual infusion or explicit
instruction in Jewish day schools, Sunday schools, synagogues, and
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Jewish summer camps. Any venue or gathering with the purpose of
connecting with Jewish heritage or culture will have formal or
informal elements of Hebrew. While participation in cultural
organizations is comparable, Israeli expats in the United States are as
a group less religious than their non-Israeli Jewish counterparts
(Rebhun and Lev-Ari, 2013). Thus, it is expected that American Jews
will have greater exposure to and influence from Biblical and liturgical
Hebrew. Notably, motivation for gaining (or maintaining) Hebrew
proficiency likely differs between HL-Hebrew speakers and American
L2-Hebrew learners, with the former group seeking to maintain a
connection to family and homeland, and the latter aiming to find
community and connection to their religion or to their ancestral
heritage. This difference is likely not as pronounced among HL-English
speakers and L2-English learners in Israel, for both of whom the
motivation to improve English skills is likely driven by the
international prestige and ubiquity of English. Today, English can
be viewed as a lingua franca (Phillipson, 2008), as it is used worldwide
for communication across a number of different domains, such as
business, higher education, school settings and tourism (for an
overview see Jenkins et al., 2011).

In the current study we investigate HL speakers of English in
Israel and HL speakers of Hebrew in the USA, L2 speakers of English
in Israel and L2 speakers of Hebrew in the USA, as well as L2 speakers
of Hebrew in Israel. Our study had two central aims. We first set out
to investigate how the five groups compare on lexical performance in
both languages, as assessed by the MINT task (Gollan et al., 2012).
We hypothesized that all groups would perform better in their SL than
in their HL (for the HL groups) and in their L1 than in their L2 (for
the L2 groups).

Next, we conducted an exploratory study to understand which
background and input factors are most correlated between one
another, and in particular with objectively measured lexical
performance. The goal of this exploration was to understand how the
inclusion or exclusion of particular factors would influence the
network model, and to uncover interconnectedness between factors
that are often viewed as unidirectional or unrelated predictors. Finally,
with this work, we hope to contribute to the methodological
discussion regarding the use of diverse or single background
questionnaires.

3 Methods

The data and analysis script for this study can be retrieved from
https://osf.io/p5ckj/?view_only=186fbcbb6f4e476bbeac4e7b5443627.

Data for the present study were compiled from the lexical
proficiency and background data collected as part of three recently
published and submitted studies (Bar On and Meir, 2022; Livni and
Meir, 2022; Fridman and Meir, 2023a). A total of 185 adult participants
were surveyed, making up five groups (see Table 1 for grouping
definitions): 50 Israelis with L1-Hebrew who learned English in school
as an L2 (L2-ENG-IL), 27 Americans with L1-English who learned
Hebrew, in school or throughout extracurricular programs, as an L2
(L2-HEB-US), 20 Americans who learned Hebrew as an L2 and then
moved to Israel (L2-HEB-IL), 48 Israeli heritage speakers of English,
who were born in Israel or moved prior to age 4 and who came from
English-speaking homes (HL-ENG-IL), and 40 American heritage
speakers of Hebrew, who were born in the US or moved prior to age
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4 and who came from Hebrew-speaking homes (HL-HEB-US). Group
labels refer to the L2 or HL of each group and to their current place of
residence (Israel: IL; the USA: US).

Participants’ lexical proficiency was assessed via the MINT
assessment (Gollan et al., 2012) in both English and Hebrew, in
decreasing order of proficiency. Additionally, participants completed
a detailed background questionnaire about their language profile and
practices. As the present study combines results from multiple others,
the background questionnaires varied by group. Means, standard
deviations, and ranges from measures available for all groups are
compiled in Table 1.

3.1 Lexical proficiency: the MINT task

The MINT task (Gollan et al., 2012) contains 68 black-and-white
line drawings that increase in naming difficulty, starting with simpler
terms like “bear” and “clown” and ranging to more challenging words
like “mortar” and “porthole” When developing the MINT, Gollan
etal. (2012) tested and calibrated it for use in research on bilingual
speakers of Spanish, English, Hebrew, and Mandarin. In the current
study, a participant response was counted as accurate even if the
participant additionally named one or more inaccurate terms.
Responses were thus binarily coded as “1” for a target response or “0”
for a non-target response. Next, to assess conceptual vocabulary
knowledge, we re-scored the same MINT results as follows. For each
of the 68 items, a “1” was given if the participant accurately named the
stimulus in at least one language; otherwise, the participant
received a “0”

3.2 Measuring background and language
use factors: normalizing data across
questionnaires

As the background and language use data assessed in this study
were collected as part of three subprojects, three different
questionnaires were used to assess background factors. These
questionnaires were designed by their respective researchers, with no
previous filiation. Furthermore, two of the groups, HL-ENG-IL and
L2-ENG-IL, consisted of participants from two separate studies. Thus,
only measures that were present in both studies’ questionnaires were
taken into account for these groups. As a result, it can be said that four
different background assessments were used in the present work. For
convenience, we will be labeling these questionnaires A, B, C, and
D. The L2-HEB-US group completed Questionnaire A, the L2-HEB-IL
group completed Questionnaire B, the L2-ENG-IL and HL-ENG-IL
groups completed Questionnaire C (the common factors of
Questionnaires A and B), and the HL-HEB-US group completed
Questionnaire D. For a full list of the variables collected from each
questionnaire (see Supplementary material 1). One additional
consideration for working across different pre-collected data was the
use of different coding methodologies, especially for ranking language
use. These distinct methodologies had to be normalized into one
system, often leading to decreased precision in the final product (i.e.,
normalizing “how often do you use Hebrew at with your friends on a
scale of never/rarely/sometimes/often/always” (as in Questionnaire A)
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with “which language(s) do you use with your friends on a scale of
English/Both Hebrew and English/Hebrew” (as in Questionnaire D)
and “which language(s) do you use with your friends on a scale of
Hebrew/mostly Hebrew/both Hebrew and English/mostly English/
English” (as in Questionnaire B) into the broadest common
denominator).

Our network models run only on numerical values, so we included
only ordinal and continuous variables, and we unified identical
variables that used different scales. This was done in the following
ways. Besides MINT scores, for two groups other language proficiency
measures were available. Self-rated foreign-sounding accent when
speaking Hebrew was coded on a scale of 1-7, with 1 being no
detectable accent. For the L2-HEB-IL group, Hebrew level was
calculated as a sum of self-ratings of reading, writing, comprehension,
and speaking skills each on a scale of 1-7, with 1 being minimal skills
and 7 being high proficiency, divided by the total possible score of 28.
For the HL-HEB-US group, Hebrew and English levels were derived
from self-ratings from 1 to 5, with 5 being the highest proficiency.
Hebrew narrative performance was coded as the number of unique
target tokens (in Hebrew) produced in a narrative (see Fridman and
Meir, 2023a for an overview of the task). Parental and participant
education level was measured in years.

Input measures were available in all the groups, yet different scales
were used. In Questionnaire C, which combined data from the
separate Questionnaires A and B, one study measured language use as
“Languages mostly used with the given interlocutor,” coded as 1 for
English, 2 for both English and Hebrew, and 3 for Hebrew, while the
other asked participants to estimate the percent of time in which
English was used with the given interlocutor, ranging from 1 (0%,
never) to 5 (100%, always). These values were normalized to the scale
of the first study, such that scores of 4 and 5 were coded as “English”
or 1, a score of 3 was coded as “Both English and Hebrew” or 2, and
scores of 1 and 2 were coded as “Hebrew” or 3. Thus, the resulting
scale ordinally ranked Hebrew use (none or little—mixed—much or
exclusive), using a coarser system than that of some of the original
questionnaires. For clarity, and because participants command two
languages such that the absence of one points to the presence of the
other, we used the “English” label to indicate limited Hebrew use. This
same scale was used to quantify language use at different age ranges
in the HL-HEB-US group. For the HL-ENG-IL group, Hebrew age of
acquisition was coded separately from Years (age) at Immigration, as
many participants were not exposed to the societal language
immediately upon arrival to Israel, up until the start of schooling.

In the HL-HEB-US group, we also collected information on
participants’ identity and language maintenance. Maintenance
methods were coded up to 10, with 1 point given to each of the listed
methods for maintaining the HL. Visit frequency to Israel was coded
from 1 to 5 (in ascending order: “I have not visited in the last decade,”
“less than once every few years,” “once every few years,” “once a year;,”
“more than once a year”). Use of Hebrew in different speech contexts
and with different interlocutors was coded from 1 to 5 (with 1 being
“never” and 5 being “always”). Maintenance importance was coded
from 1 to 5, and identity was coded as 1 for only American, 2 for
Jewish, 3 for Jewish Israel-American, 4 for Israeli-American, and 5 for
Israeli. For a full breakdown of the scales used for each variable, and
for the full text of
Supplementary materials 2, 5-8).

each  questionnaire (see
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3.3 Statistical analysis

Data analysis for this study was done in two parts, each using R
(R Core Team, 2021). First, MINT performance for both languages
was compared across all groups. Using a linear mixed effects regression
from the “Ime4” R package (Bates et al., 2015), we assessed the effect
of Age, Group, Language (English vs. Hebrew), and a Group x
Language interaction on outcomes. Subsequently, we analyzed the
conceptual vocabulary in the five groups. Conceptual vocabulary
scores were also analyzed using a linear regression.

Next, using the R packages “bootnet” and “qgraph” (Epskamp
etal, 2012, 2018) we built a network model for each group using the
relevant background variables. Variables for which there was no
variance (i.e., all participants spoke the same language with their
mothers) or where not all participants in the group provided data
(with the exception of variables such as “Language Use with Siblings”
for which participants without siblings marked “N/A”) were excluded
from the network analysis. We used the Gaussian Graphical Model
(GGM) with Spearman partial correlations, which allowed us to
account for a mix of ordinal and continuous variables (see Isvoranu
and Epskamp, 2023). On the resulting model, we ran a centrality
analysis to calculate the strength of each node.

As highlighted in section 2.3, network centrality analyses are
controversial beyond social networks, and, if used, must be clearly
defined in the context of a given study. Recall that node strength is

10.3389/fpsyg.2024.1331801

measured as the sum of absolute values of relationships with
consecutive nodes, taking into account both positive and negative
correlation coefficients. Thus, the strongest node in the model is that
which is connected to the greatest number of other nodes in the
network. As the network does not inform on causality, we cannot
assume that the strongest node is the most influential- or that it affects
the most other factors- nor can we say that it is most affected by other
variables. In the present paper, however, it can serve as an informative
highlight of which factors to study further, as they seem to
be connected in some way to many others. Here, we focus on two
potential insights: first, an unexpectedly central node can underscore
newfound relationships between linguistic background variables.
Second, by considering a variety of models, we can see how the
centrality of given nodes change with the exclusion and inclusion of
different variables.

4 Results
4.1 Lexical performance

Figure 1 shows the individual MINT scores for each group in each
language. Each dot represents a participant’s score, and each line
represents a participant, such that the balance/dominance between the
two languages is clearly visible. The three lines on the boxplot
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TABLE 2 Means (SDs), ranges and differences of the English and Hebrew MINT scores.

L2-ENG-IL L2-HEB-US L2-HEB-IL HL-ENG-IL HL-HEB-US
ENG MINT: M (SD) 0.59 (0.15) 0.95 (0.04) 0.96 (0.03) 0.84 (0.12) 0.92 (0.05)
ENG MINT: Range 0.29-0.85 0.85-1 0.87-1 0.28-1 0.79-1
HEB MINT: M (SD) 0.91 (0.04) 0.42 (0.17) 0.59 (0.17) 0.85 (0.06) 0.55(0.16)
HEB MINT: Range 0.82-0.99 0.02-0.82 0.32-0.97 0.62-0.97 0.15-0.82
Mean ENG-HEB difference 0.32 0.53 0.37 0.01 0.37
ENG range 0.56 0.15 0.13 0.72 0.22
HEB range 0.17 0.80 0.65 0.35 0.67
TABLE 3 Linear mixed effects model for MINT performance across groups.
Predictors Estimates Cl Statistic P
(Intercept) 0.76 0.70-0.82 23.93 <0.001
Age 0.00 0.00-0.01 3.21 0.001
Group [HL-HEB-US] 0.05 0.01-0.10 2.20 0.029
Group [L2-ENG-IL] -0.25 —0.30 - —0.21 —11.16 <0.001
Group [L2-HEB-US] 0.11 0.06-0.16 3.99 <0.001
Group [L2-HEB-IL] 0.09 0.03-0.15 3.09 0.002
Language [Hebrew] 0.01 —0.04 - 0.05 0.33 0.738
Group [HL-HEB-US] * Language [Hebrew] -0.37 —0.44 - —0.31 —11.50 <0.001
Group [L2-HEB-IL] * Language [Hebrew] -0.37 —0.45 - —0.29 —9.24 <0.001
Group [L2-HEB-US] * Language [Hebrew] —0.54 —0.61 - —0.47 —14.90 <0.001
Group [L2-ENG-IL] * Language [Hebrew] 0.31 0.25-0.37 10.24 <0.001

Random effects

o’ 0.01
Ty Participant 0.00
ICC 0.10
Narticipant 185
Observations 370
Marginal R*/Conditional R* 0.712/0.742

The bold values represent significant values at p <0.05.

represent (bottom to top) the first, second, and third quartiles, and the
whiskers on either end of each box extend to the minimum and
maximum value for each group. In all L2 groups and the HL-HEB-US
group, one language is clearly dominant, with very little variance,
while the other is clearly weaker, with a greater spread. By contrast, in
the HL-ENG-IL group, we do not observe a clear dominance trend,
with some participants performing more accurately in English and
others in Hebrew, including several participants with very similar
scores in both languages. This is especially notable in Table 2, which
shows the means and ranges for each group and language, as well as
the difference between the language means for each group. Here
we can see that the HL-ENG-IL group had a 1% difference in
dominance between the languages, while the L2-HEB-US group had
a difference of 55%. The other three groups had a difference of
40-60%. Similarly, the range of each group in its societal language
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generally lies between 10 and 20%, while for the HL-ENG-IL group
the range is at 35%.

We first ran a correlation analysis and found no significant correlation
between Age and Age of Onset of Bilingualism (AoB), justifying our
decision to separate the factors. Likewise, we considered combining these
variables to consider “Length of Bilingualism” by subtracting AoB from
Age; however, this variable was moderately to strongly correlated with
each of the original two, so we kept the variables as originally collected.
As an exploration to see how Length of Bilingualism would compare with
its composite variables in explaining performance, we attempted to add it
to a mixed effects regression model. However, with the addition of this
variable, the model failed to converge, so we ultimately removed it and did
not include it in further analyses. As there was little variance in AoB
within each group, we did not include it in our model. As shown in
Table 3, the results for the linear mixed effects regression, evaluating the
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TABLE 4 Pairwise between-group comparisons of English and Hebrew MINT scores.

Between-group comparison

p-value for English

p-value for Hebrew

HL-HEB-US vs. HL-ENG-IL 0.183 <0.0001
L2-ENG-IL vs. HL-ENG-IL <0.0001 0.082

L2-HEB-IL vs. HL-ENG-IL 0.018 <0.0001
L2-HEB-US vs. HL-ENG-IL <0.001 <0.0001
L2-ENG-IL vs. HL-HEB-US <0.0001 <0.0001
L2-HEB-IL vs. HL-HEB-US 0.698 0.688

L2-HEB-US vs. HL-HEB-US 0.325 <0.001
L2-HEB-IL vs. L2-ENG-IL <0.0001 <0.0001
L2-HEB-US vs. L2-ENG-IL <0.0001 <0.0001
L2-HEB-IL vs. L2-HEB-US 0.994 <0.001

TABLE 5 Within-group comparisons of English and Hebrew MINT scores.

Group p-value

HL-ENG-IL 0.738

HL-HEB-US <0.0001
L2-ENG-IL <0.0001
L2-HEB-IL <0.0001
L2-HEB-US <0.0001

contribution of Age, Group, Language, and a Group*Language interaction
to the MINT scores, showed an effect of Age, such that older participants
across all groups scored higher than younger ones, and effect of Group,
no effect of Language and a significant Group*Language interaction. The
Group* Language interaction was followed up by pairwise comparisons
(see Table 4). The following pairwise significant group differences proved
most notable. The HL-ENG-IL group matched the L2-ENG-IL group and
the HL-HEB-US group matched both LI1-English groups in each
respective societal language. The HL-HEB-US group significantly
outperformed the L2-HEB-US group on the Hebrew MINT (p<0.0001),
but not the L2-HEB-IL group, suggesting that the HL advantage over L2
learners diminishes with immersion. In this vein, the L2-HEB-IL group
significantly outperformed the L2-HEB-US group on the Hebrew MINT
(p<0.0001). Subsequently, we also evaluated within-group performance,
comparing English and Hebrew scores within each group (see Table 5).
Four of the groups had a significantly dominant language out of the
English-Hebrew pair. The HL-ENG-IL group was balanced between the
HL and SL. Our analysis showed differences between the two languages
in all groups except HL-ENG-IL.

To expand on group differences, we set out to evaluate each
group’s conceptual vocabulary. Figure 2 shows the conceptual
vocabulary sizes for each group, calculating the percentage of the
total 68 items that each participant knew in at least one language.
We can see that all groups have nearly at-ceiling performance, with
no individuals from any group scoring below 75%. We then ran a
linear mixed regression analysis on the data and found a significant
effect of Group, with L2-HEB-US group scoring significantly higher
(see Table 6). Following up on this effect with pairwise comparisons,
we found that while the other four groups showed on par
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performance, the mean score for the L2-HEB-US group was
significantly higher than that of any of the other groups. Notably,
we did not find a significant effect of age, such that group differences
persisted even with age entered as a predictor. Additionally,
we compared conceptual vocabulary scores of each group per item
(see Supplementary material 3) and found a wide between-group
range in the later items of the MINT, which are meant to
be more challenging.

4.2 Network analysis

We conducted two network analyses for all groups. First, we built
networks for each group using only those variables that were common
to all questionnaires (Figure 3). Second, we built networks for each
group using all the variables collected for that group specifically
(Figure 4). In this way, we were able to compare the relationships
between background and input factors as a function of the variables
that were excluded or included. For both sets of network models, the
nodes are color coded to distinguish between proficiency measures,
background and input factors, and personal values (a category present
only for the HL-HEB-US group that included the two variables:
importance of maintaining the HL and cultural self-identification).
The nodes are connected by blue or red lines, indicating positive or
negative correlation coeflicients, respectively, with line thickness
representing the strength of the correlation coefficient. The absence of
a line between a given pair of variables indicates the lack of a
significant correlation between them.

Starting with Figure 3, which shows network models for each
group using only the 4 variables available in all 5 groups, we found that
in the two US-based groups, HL-HEB-US and L2-HEB-US, lexicon
sizes in both languages were directly, positively related. For all Israel-
based groups, no correlations were observed between vocabulary
performance in each language. The model in Figure 3F collapsed all
the participants into one group of “bilinguals”; here we saw an inverse
relationship between English and Hebrew performance. This, of
course, is perfectly expected considering that this model would group
together many unbalanced speakers for whom one language would
be much stronger than the other, culminating in this inverse
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FIGURE 2
Conceptual vocabulary scores across five groups. Each dot represents a participant’s conceptual vocabulary score (the proportion of MINT items
accurately named in at least one language).

TABLE 6 Mixed effects model for conceptual vocabulary.

Predictors Estimates Cl Statistic Jo)
(Intercept) 0.88 0.85-0.91 57.32 <0.001
Age 0.00 —0.00- 0.00 1.89 0.061
Group [HL-HEB-US] 0.01 —0.01-0.03 0.98 0.330
Group [L2-HEB-IL] 0.01 —0.02-0.02 0.01 0.994
Group [L2-HEB-US] 0.05 0.03-0.07 4.63 <0.001
Group [L2-ENG-IL] 0.01 —0.01-0.02 0.69 0.490
Observations 185

R*/R® Adjusted 0.136/0.112

correlation. However, we mention it to highlight that, without
accounting for linguistic context and language dynamics (i.e., heritage
bilingualism vs. second language acquisition vs. immersion), we lose
the nuances demonstrated in the separate group models and could
come to very different conclusions about the relationships
between lexicons.

In the HL-HEB-US and L2-HEB-US groups, a positive correlation
was found between age and performance on the MINT in the weaker
language. Thus, older participants scored higher on the HL/L2.
Conversely, in the immersion context, older participants from the
L2-HEB-IL group scored higher on the MINT in their dominant L1.
In the L2-ENG-IL group, age was not correlated with any of the other
variables in the model. In the collapsed bilingual group in Figure 3F,
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age is shown to positively correlate with English performance, not
accounting for the status of English as an HL or an L1. Note that there
were only 20 participants in the group that showed a connection
between English production and age, with 67 in those that showed a
connection between Hebrew production and age, and 98 in groups
that did not find connections among these variables. Nonetheless, the
overall bilingual model presented a relationship between age and
English production, further highlighting the extent to which the
whole cannot be considered to be the sum of its parts. Finally and
intuitively, in the HL-ENG-IL group, later age of onset of bilingualism
(AoB) was correlated with better performance on the HL. Meanwhile,
in Figure 3F, AoB is positively correlated with Hebrew performance,
a relationship not found in any of the individual models from Figure 3.
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FIGURE 3

Network models for all groups using common factors. Each node represents a variable in the model. Each line represents a correlation between two
factors, with red lines representing negative correlations and blue lines- positive ones. The thickness of the line represents the strength of the
correlation. ENG.MINT=English MINT score, HEB.MINT=Hebrew MINT score, AoB=Age of Onset of Bilingualism.

Ultimately, few meaningful generalizations can be found from this
comparison, primarily due to the small number of factors that were
common across all groups. Even if we were to find a consistent pattern
of intervariable relationships in all of the groups, too many pieces of
the language experience puzzle are missing to be able to draw
insightful conclusions. We thus sum up the preliminary findings of
this set of networks as follows: in the US, older participants perform
better on the HL/L2. In Israel, HL-English speakers who acquired
Hebrew later, as well as older L2-Hebrew-speaking immigrants, have
higher English scores. Finally, neither age nor AoB affect vocabulary
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scores in either language of Israeli L2-English speakers. Having
observed these correlations, we now consider a new set of network
models in Figure 4, which include a larger set of variables for
each group.

When considering all of the available factors for each network,
we found a direct relationship in the lexicon sizes in the dominant
and non-dominant languages in 3 out of 5 groups (L2-HEB-US,
L2-HEB-IL, and HL-ENG-IL). In the L2-HEB-IL group, the
relationship was inverse, with higher scores on the English MINT
correlated to lower scores on the Hebrew MINT, while in the
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FIGURE 4
Network models for all groups using unique factors. Each node represents a variable in the model. Each line represents a correlation between two
factors, with red lines representing negative correlations and blue lines- positive ones. The thickness of the line represents the strength of the
correlation. ENG.MINT=English MINT score, HEB.MINT=Hebrew MINT score, AoB=Age of Onset of Bilingualism, Mother.Lang=Language Used with the
Mother, Father.Lang=Language Used with the Father, Siblings.Lang=Language Used with the Siblings, Friends.Lang=Language Used with Friends,
Hebrew.Level=Self-rated Hebrew Level, English.Level=Self-rated English Level, Hebrew.Narrative=the number of unique Hebrew tokens produced in a
narrative task, Identity=cultural self-identification, MotherED=Mother's Education Level in years, FatherED=Father's Education Level in years, Daily.ENG.
percentage=Percent of the day using English.

remaining groups, scores on the two MINTs were positively
correlated. In the HL-HEB-US group, the MINT nodes are both
modified by the Hebrew narrative node, indicating high correlation
coeflicients between lexical proficiency in both languages and the
ability to produce a high number of Hebrew tokens in a free speech
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elicitation task. In both the HL-HEB-US group and the L2-HEB-IL
group, Hebrew MINT scores were highly positively correlated with
overall Hebrew self-ratings. Interestingly, in the latter group, Hebrew
self-ratings were also positively correlated with performance on L1
English production. Additionally, L2-HEB-IL participants with
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higher English MINT scores rated themselves as having more of a
foreign accent in Hebrew (alternatively: participants who reported
having more a foreign accent in Hebrew also scored higher on the
English MINT). In the L2-ENG-IL group, as had been the case in the
reduced model from Figure 3C, the two lexicon sizes were not related.

Looking at background and input factors, a positive correlation
was found between age and L2 production in the L2-HEB-US group,
echoing findings from the smaller network in Figure 3D. Age was also
positively correlated with Hebrew self-ratings in the HL-HEB-US
group, but not to MINT performance, contrasting findings from
Figure 3B. By contrast, age was inversely correlated with Hebrew self-
ratings in the L2-HEB-IL group, although, as in Figure 3E, age
correlated positively with performance on the English MINT. As for
SES, which was measured as the level of education of participants and/
or their parents, in the L2-HEB-US group, the fathers years of
education positively correlated with L1 lexicon size.

We found no correlation in any group between AoB and MINT
performance in either language. This contrasts the network in
Figure 3A, where this factor positively correlated with HL
performance. In the L2-HEB-IL group, participants with later ages of
Hebrew acquisition rated themselves as having a stronger foreign-
sounding accent in Hebrew. In this group, age at immigration
(measured separately from age of acquisition in this group as discussed
in Section 2.3) was positively correlated with production on both
MINTSs, such that participants who moved to Israel at a later age
scored higher. Furthermore, those who had been in Israel longer gave
themselves higher Hebrew self-ratings, and those who used more
English daily noted that they had a stronger foreign-sounding accent
in Hebrew. Language spoken with the father was not correlated with
any other nodes in the models for both the L2-ENG-IL and the
HL-ENG-IL groups. Likewise, language spoken with the mother did
not correlate with proficiency in the latter group. In the HL-HEB-US
group, language use with the immediate family and at work correlated
with self-rated Hebrew level, such that participants who used more
Hebrew with their immediate family and/or at work gave themselves
higher ratings. Language use with siblings and language use with
friends correlated with English production in the HL-ENG-IL group,
such that participants who used more English with their siblings and/
or their friends scored higher on the English MINT. By contrast,
language use with friends did not correlate with any proficiency
measures in the HL-HEB-US group. While the input factors
measuring visit frequency to Israel, the number of different methods
used to maintain Hebrew, as well as Hebrew use with extended family
and with friends, for religious services and media consumption, and
during day-to-day interactions were all closely interconnected, none
were correlated to lexical proficiency. Self-identification (as fully
Israeli, American, a hyphenated variety, or otherwise) was unrelated
to any of the other nodes in the model.

We compare these new models (Figures 4A-E) with Figure 4F,
which, as it had in Figure 3F, combines all groups into one and
considers only the variables that all groups have in common. Here,
again, we find an inverse relationship between Hebrew and English
MINT scores, despite only one group- the immersed L2-HEB-IL
group with only 20 participants- exhibiting such a correlation, and all
other groups showing either a direct positive relationship between
MINT scores, a modulated one, or none at all. We further see a
positive correlation between age and English MINT performance,
despite only one group- the same aforementioned L2-HEB-IL group-
having shown such a correlation. AoB was also found to positively
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correlate with Hebrew MINT scores, although no such correlation was
observed in any of the other groups. While the model in Figure 4F did
not yield any surprising results, we mention it here to highlight the
importance of considering language background when looking at
bilingual groups, as demonstrated by the fact that the combined model
hardly resembles any of the models from individual groups.

Finally, we considered the centrality measure of strength (see
Supplementary material 4) to understand which node in each model
from Figure 4 was the most connected to other variables, whether
positively or inversely. Note that node strength only takes into account
direct relationships, rather than modulated ones. Each of the five
groups had a different strongest node. In the HL-ENG-IL group, the
strongest node was performance on the HL-English MINT, which was
connected to Hebrew MINT performance as well as language use with
siblings and friends. In the HL-HEB-US group, the strongest node was
language use prior to age 5, which was connected to age, AoB,
maintenance methods and day-to-day use. In the L2-ENG-IL group,
the strongest node was language use with friends, which was
connected to language use with siblings, biological age, and AoB. In
the L2-HEB-US group, the strongest node was Hebrew MINT
performance, which correlated with English MINT performance and
age. Finally, in the L2-HEB-IL group, the strongest node was age at
immigration, which was connected to biological age and number of
years in Israel, years of education, and performance on both MINTs.
The least central nodes also differed across the five groups, and
included language use with the father, cultural self-identification,
English MINT score, AoB, and years of education.

5 Discussion

The present study set out to explore lexical production of five
groups of bilinguals across the Hebrew-English dyad, comparing
heritage bilingualism and second language acquisition in different
contexts, as well as the interrelatedness between lexical proficiency
and background and input factors in their bilingual experience.

5.1 Lexical proficiency in Hebrew and
English: dominant vs. non-dominant
languages (L1 vs. L2; HL vs. SL)

We first considered lexical abilities in the two languages of each
bilingual group, as measured via MINT assessments, and found that
all but one had a clear dominant language. All the L2-speaking groups
were dominant in their L1, and the HL-HEB-US group was dominant
in their SL. The HL-ENG-IL group, however, was balanced in their HL
and SL proficiencies, an unusual phenomenon for HL speakers.
Consider, for instance, that one of the seminal works characterizing
HL speakers adds as a definition that “Heritage speakers have as their
dominant language the language of the host country” (Benmamoun
et al,, 2013, p. 132). The notion of bilinguals generally, not just HL
speakers, having a dominant language rather than being fully
balanced, has also been widely accepted as a given (Montrul, 2016).

The balance between the HL and SL in the HL-ENG-IL group
could be due to a blend of possible contributing factors. First is the
unique status of HL-English, both in general and specifically in Israel
(Phillipson, 2008; Gordon and Meir, 2023; Rose et al., 2023). As

discussed in section 2.4, knowledge of English is considered a notable
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asset in Israeli society, denoting a level of prestige and providing ample
opportunities for academic and economic advancement. Because of
this (or, perhaps, leading to this outcome), English-dominant
immigrant parents make significant efforts to maintain and improve
their children’s HL-English skills. HL-English speakers have been
shown to “control extensive vocabulary” and be “familiar with an
everyday lexicon that takes L2 learners’ years to acquire” (Polinsky,
2018). Furthermore, English is taught in schools, such that HL-English
speakers would receive the same level of instruction as L2-English
speakers and the same level of societal prevalence of English, with the
only differences being age of acquisition and input and exposure in
the home. It is unclear from the present study to what extent the
unique performance of the HL-ENG-IL group is caused by greater
language input from an earlier age, additional HL support in school
instruction, and/or the status of the particular language in society.
Therefore, it would be worthwhile to conduct a similar experiment in
a different linguistic context and control for these variables: is this
finding consistent for HL-English speakers around the world? Could
it be replicated for HL speakers of different languages who also receive
supporting instruction?

Additionally, we found that at the group level, HL speakers
outperformed L2 speakers of each respective language in the same
country, supporting findings across linguistic domains that found an
advantage for HL speakers over L2 learners in oral production
(Montrul et al., 2008; Saadah, 2011; Albirini and Benmamoun, 2014;
Rakhilina et al., 2016). Likewise, this finding seems to support the
results of the meta-analysis by Bylund et al. (2023), who found an
advantage for simultaneous bilinguals (in this case HL speakers,
although several of them were, in fact, sequential, although not by a
significant number of years) over sequential bilinguals in the L2/HL,
but not in the L1/SL. Notably, however, the HL-HEB-US group
matched the L2-HEB-IL group on the Hebrew MINT, suggesting that
the HL advantage over the L2 learner disappears in an immersive
environment. We predict that this is related to the increased amount
of input in the target language for the latter group, as compared to
the former.

Finally, we explored the conceptual vocabulary of the five groups,
to see whether each set of bilinguals had a conceptual representation
of the tested lexical items in at least one language. Here, we found that
the L2-HEB-US group scored significantly higher than each of the
other four groups, which were otherwise matched among themselves.
We suggest two possible explanations for this finding. First, the
L2-HEB-US group is significantly older than the other two groups,
with a mean age of 30 compared to the others’ 21 and 26, although the
age range is the same among the groups. Similarly, the mixed effects
model in Table 6 shows no significant effect age overall, such that
group differences persist even when age is taken into account. Notably,
this mean age aligns with that of the original group of bilinguals tested
by Gollan etal. (2012), who were 19 on average at the time, and would
today be around age 30. Thus, it could potentially be argued that the
MINT is skewed toward this particular age group, with certain items
being more familiar to older participants.

Another plausible explanation is that perhaps the MINT is not, in
fact, “relatively culture neutral” (Gollan et al., 2012, p. 598), but rather
particularly geared toward the American context, as has recently been
suggested in a study of monolingual Chinese speakers that used an
abbreviated version of the MINT (Li et al., 2022). Take, for instance,
Item 68 - axle- which 64% of the L2-HEB-US group could identify in
at least one language, but which only 8% of both the HLE-SLH-US
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and the L2-ENG-IL groups could. We pay particular attention to
comparisons between the conceptual vocabulary of the L2-HEB-US
group and its parallel L2-ENG-IL group. For the last 8 items of the
MINT, the former group outscores the latter by anywhere from 5 to
50%, suggesting that these target words are not equally familiar in
Hebrew as they are in English. These findings lead us to question the
validity of the MINT assessment for a Hebrew-speaking context. The
cultural neutrality explanation might hold for the groups raised in
Israel, but does not sufficiently predict why the L2-HEB-US group
would also outperform the US-raised groups, HL-HEB-US and
L2-HEB-IL. For the former group, it can be argued that their
upbringing in a mixed-culture or immigrant home, and thus the SL
lexicon to which they are exposed, may qualitatively differ from their
non-Israeli peers. However, this would not be the case for the
L2-HEB-IL group. Nonetheless, we see that there are some items, such
as “hinge” or “anvil) that were identified by over 20% more
L2-HEB-US participants than L2-HEB-IL participants. Therefore,
we propose that the L2-HEB-US advantage stems from a cumulative
effect of both older age and a cultural skew from the MINT. We thus
encourage future iterations of the MINT assessment to test a wider
generational and cultural span.

5.2 Network modeling: interconnected
relationships between lexical proficiency
and background and input factors

We next built network models of lexical proficiency and
background and input factors for each group, followed by a summative
model of bilinguals for all participants together. Our goal was to
explore how these measures interact, and how this interaction changes
both between groups and in combination with different factors, as
there was no singular questionnaire used for all participants.

We first considered models for each group using only the four
measures common to them all: English MINT score, Hebrew MINT
score, Age, and Age of Onset of Bilingualism (AoB). We found that in
both US-based groups, performance on the two MINTSs was positively
correlated and older participants scored higher on the weaker Hebrew
MINT, while in the immersed L2-HEB-IL group, older participants
scored higher on the English MINT. In the latter group, this finding
could be tied to the fact that older immigrants may be less integrated
into the dominant-language-speaking society, leading them to join
enclaves of similar immigrant speakers, a trend that is particularly
salient in Israeli so-called “anglo-communities” (Beenstock, 1996).
The finding in the US-based groups, however, is trickier to interpret,
as we cannot extrapolate from participant age any of the often-related
factors that we explicitly considered in these groups, such as AoB,
motivation to maintain the weaker language, or input in youth.
Furthermore, while these factors might be expected to affect HL
speakers, they are less obvious for the L2 group, for whom the weaker
language is learned later and not explicitly supported in the home. In
the HL-ENG-IL group HL-English MINT performance was tied to a
later AoB. This is notable less for the finding itself, as it is quite
reasonable to expect that HL speakers with longer uninterrupted
exposure to the HL will have higher proficiency, but rather for the
absence of this finding in other groups- especially the HL-HEB-US
group. Together, these findings therefore further emphasize the role
of particular language context, as not all HL, or in fact bilingual,
networks paint the same picture, even when the same variables are
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considered. Collapsing all of the participants into a single bilingual
group, age was found to be positively correlated with English MINT
performance, although such a relationship had been observed only in
one of the five groups, and the smallest group at that. AoB was
correlated with Hebrew performance, although this correlation had
not been found in any of the individual groups, raising further
suspicions about the utility of such a collapsed view of bilinguals
without consideration for context.

From this limited set of network models, we can already see a
distinction in variable relationships based on linguistic context. When
we added additional factors to each individual group’s network
(Figure 4), some of the above relationships morphed while others were
preserved. This shift can be likened to one that can be observed in
other forms of analysis, such as regression models, where the addition
of new predictors can affect the significance of others. Furthermore, it
points to the importance of carefully considering which variables will
or will not be included in the model, as interpretations and insights
will largely depend on the selected parameters. As in the common
network models, lexicon sizes between the two languages were directly
connected in the L2-HEB-US group. However, with the addition of
new variables, a correlation emerged between lexicon sizes in the
HL-ENG-IL and L2-HEB-IL groups as well, with the former
correlation being positive and the latter inverse, suggesting an effect
that emerges in an immersive environment. This finding ties in to
known effects of immersion on L1 lexical access, wherein as frequency
of L1 use decreases (due to L2 immersion), lexical access is hindered
(Baus et al., 2013; Steinhauer and Kasparian, 2020). Meanwhile, the
direct correlation between lexicon sizes in the HL-HEB-US group that
had been observed in the smaller models disappeared in favor of
modulation by Hebrew narrative performance. Across all groups that
had them, MINT scores were also strongly associated with other
proficiency indices including self-ratings in the weaker language
(echoing results from Gollan et al., 2012; Macbeth et al., 2022, who
found strong correlations between assessed and self-rated HL
proficiency), foreign accent ratings, and narrative skills.

Next, we found that age of immigration was positively correlated
with MINT scores in both languages in the L2-HEB-IL group. This
appears to be a counterintuitive finding. It is logical that those who
immigrated at later stages of adulthood would be highly proficient in
their L1. However, it is then unclear why those who immigrated at a
later age would also have higher L2 scores in the immersion setting,
and this is a potential point for future investigation.

The questionnaire for the HL-HEB-US group investigated, among
other input factors, the frequency of Hebrew use with the immediate
family, and the model showed that this factor was positively correlated
with self-rated Hebrew level, but not with any of the MINT scores.
Meanwhile the questionnaire for the L2-ENG-IL and HL-ENG-IL
groups split this category into language use with the father, mother,
and siblings. Language use with the father was found to be completely
uncorrelated with any of the other nodes in either model, while
language use with the mother was connected to other input measures,
but not to proficiency. Meanwhile, in the HL-ENG-IL group, more
English use with the siblings correlated with higher scores on the
English MINT. This leads to a methodological question: what is the
benefit of splitting the measure of language use with the immediate
family into three separate components? In the present case, separating
the measures allowed us to pinpoint which interlocutors within the
immediate family had the greatest (and least) relation to lexical
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abilities, while the aggregated measure correlated to self-ratings that
in turn correlated to performance in the weaker language. It is possible
that including the separation in the HL-HEB-US group would have
yielded more fine-grained results that may have mirrored effects
found in the other groups. On the other hand, combining these
measures in the latter groups may have coalesced into similar, less
telling, effects as in the HL-HEB-US group.

In the HL-ENG-IL group, language use with friends was directly
correlated with performance on both MINTSs, such that the more a
particular language was used with friends, the higher the score on the
respective MINT. Meanwhile, no such direct relationship was observed
in the HL-HEB-US group. Overall, the background questionnaire for
the HL-HEB-US group assessed 14 different input measures, with the
goal of teasing out potential effects and distinctions that might
be overlooked by broader categories. However, we ultimately found that
the majority of these factors did not correlate with lexical proficiency
indices, while correlating strongly among themselves, leading us to
question whether such granular views are necessary, as all factors are
strongly interconnected. In fact, this was also the case for the other
groups with fewer than 14 input indices. Thus, while it was interesting
to consider such granularity as an exploration, the resulting
interconnected associations suggest that such a detailed breakdown of
language use is not needed, when a wider proxy measure—grouping
together, for example, several input factors—can be applied. Taken
together with the discussion about considering language use with the
family as opposed to language use with different individual family
members, this conclusion underscores the importance of finding an
appropriate level of detail for a given set of variables, at the risk of
overgeneralizing or grouping together distinct effects. Another aspect
to consider when interpreting these findings is the precision and
diverging scales used for the same factors across the different groups
(see the example in section 3.2 of a question transforming from two
scales of 5 into a scale of 3). Perhaps, had language use been measured
comparatively across all groups using a wider scale, results would have
swayed more toward or away from a particular factor.

Participants from the HL-HEB-US group additionally reported
how important it was for them to maintain their Hebrew level, and the
methods they use to maintain it, in addition to their perception of
themselves as fully Israeli, fully American, a hyphenated hybrid, or
otherwise. This latter identification was the weakest node in the
network model, such that it had no association with participants’
lexical proficiency and was not clearly influenced by their language
experience. This finding diverges from conclusions by Albirini (2014),
who observed that a stronger sense of ethnic identity was tied to
increased language use across contexts and to HL proficiency. This
discrepancy highlights how the connection between ethnic identity
and language proficiency might not be so clear-cut, as factors beyond
lexical competence might be more central to a sense of identity
depending on the particular culture or community. The knowledge of
culturally-relevant terms might be more indicative of HL identity than
the overall proficiency in the HL, and therefore lexical tests might
include a subsection with culturally-relevant terms in addition to
culturally-neutral ones (see Shabtaev et al., 2022).

In the first set of network models, considering only the common
factors, the final model combining all five groups already deviated
from the findings of each individual group. Juxtaposed with the larger
model, these differences become all the more apparent. Based on this
observation, and our findings from both the network models and the
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MINT results, we strongly advocate for considering language
dynamics and contexts (i.e., heritage bilingualism vs. second language
acquisition, the specific languages and settings, themselves, language
status, etc.) when studying the bilingual language experience.

Of course, combining data from different questionnaires (each with
its own foci and limitations, see Rothman et al., 2023) will always lead to
“apples to oranges” comparisons to some degree, try as we may to drive
them toward a common denominator. Over the last few years, increased
efforts have been put toward more comprehensive questionnaires that
would account for a wider range of bilingual experiences (see, for
example, Tomic et al., 2023, HELEX questionnaire based on the LSBQ).
Inevitably, or at least in the foreseeable future, studies will diverge in their
focus and may want to adapt a given questionnaire for their particular
aims, or for a unique context, returning us to our starting point of
distinct, albeit similar, questionnaires. This is all the more pertinent for
studies comparing language experience across contexts, as in the present
work juxtaposing HL speakers and L2 learners in immersion and
non-immersion contexts. Thus, using the data available, even when not
identically matched, can help us at the very least highlight areas of
interest for future, more targeted work. Network modeling can be a
fitting step in this process.

5.3 Limitations and future directions

One limitation of our study was the absence of a L2-ENG-US group
in the data, which would have served as a counterbalance to the
L2-HEB-IL group and given us the fullest picture of this dyad. Intuitively,
we would expect behavior to differ between these two groups, as the
latter would be able to manage with relative ease in Israel by relying
heavily on English, while the former, excluded group would not be able
to rely analogously on Hebrew when navigating the United States. An
additional limitation was the small sample size in each group, both on its
own (i.e., the L2-HEB-IL group with 20 participants) and in conjunction
with a relatively large set of collected variables (i.e., the HL-HEB-US
group with 40 participants and 25 variables). This could leave the models
vulnerable to biases within the data and less stable than they could
otherwise have been. Thus, it is crucial to approach this study only as an
exploration, suggesting intervariable relationships to consider in future
work. In future analyses of this nature, we recommend including a
stability analysis to further solidify extracted insights.

Another limitation was the crude scoring system used for several
factors related to language use in different contexts, which was
necessitated by the combination of multiple scales for assessing the
same factor. Using a more granular scale may lead to a better
representation of associations between the variables, which could
impact the models.

The use of 4 questionnaires for the 5 groups was both a
limitation and a feature. It acted as a limitation because the
between-group comparisons were not completely matched and
were strongly affected by data normalization, and we demonstrated
how the set of factors taken into consideration could impact
findings, especially as pertaining to the key central nodes in the
network. However, the variety within the questionnaires also
served as a feature, because we could show that even when
considering different sets and numbers of variables, these variables
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consistently demonstrated interconnected relationships affecting
each other as part of a system, and therefore should not
be considered as fully independent measures.

6 Conclusion

In the present study, we set out to examine the bilingual lexical
proficiency of five groups across the English-Hebrew dyad, and to
explore interconnected relationships across networks of background
and input factors. When looking at lexical proficiency, as measured by
MINT scores in both languages, we found that all groups had a clearly
dominant language, except the HL-ENG-IL group, which was
balanced. We attribute this finding to a blend of the status of English
in Israel and worldwide and academic reinforcement of the HL, and
we suggest a closer examination of this phenomenon with HL-English
in different contexts and also with academically supported HLs such
as Spanish in the United States, in order to tease these explanatory
factors apart. When considering conceptual vocabulary, all groups
showed similar performance except the L2-HEB-US group.
We attribute this effect to one (or some combination) of two
possibilities: the participants in this group were on average older than
in the others, suggesting that some items on the MINT may be less
familiar to younger speakers, and the cultural neutrality of the Hebrew
MINT assessment may have been overstated, as it appears to favor the
North American context.

Our network models highlighted the differences in variable
relationships between groups of bilinguals, pointing to the
importance of considering these groups separately in their own
right. In the networks, as in the MINTS, we saw a distinction between
the groups as a function of bilingualism type and context. While
some recent research has called for the consideration of a bilingual
continuum when assessing language experience, nuances can be lost
when we assess languages with highly different prestige levels.
Therefore, it is important to account for these factors by
distinguishing HL and L2 groups in accordance with their own
context. Our methodology raised questions about which variables to
include in such models, the effects of different scales, and the
consequences of selecting certain levels of detail over others. Overall,
we have shown how we can combine different measurement tools
used separately and still extract meaningful exploratory insights, in
the absence of perfectly matched questionnaires. We have
demonstrated how network modeling enables researchers to more
fully grasp the complexity of the bilingual experience by revealing
complex interrelatedness between different background and input
factors and showing us which connections may be worth further
investigation. Therefore, we join previous calls for advancing this
type of analysis in bilingualism research.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found at: https://osf.io/p5ckj/?view_only=186fbcb
b6f4e476bbea64e7b5f443627.

frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1331801
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://osf.io/p5ckj/?view_only=186fbcbb6f4e476bbea64e7b5f443627
https://osf.io/p5ckj/?view_only=186fbcbb6f4e476bbea64e7b5f443627

Fridman et al.

Ethics statement

The studies involving humans were approved by the Institutional
Review Board of Bar Ilan University. The studies were conducted in
accordance with the local legislation and institutional requirements.
The participants provided their written informed consent to
participate in this study.

Author contributions

CF: Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Project administration, Software,
Validation, Visualization, Writing - original draft, Writing - review &
editing. AL: Data curation, Investigation, Writing — review & editing.
SB: Data curation, Investigation, Writing - review & editing. NM:
Conceptualization, Funding acquisition, Supervision, Writing -

review & editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This research
was funded by the Israel Science Foundation (ISF) (grant no. 552/21),

References

Abacioglu, C. S., Isvoranu, A. M., Verkuyten, M., Thijs, J., and Epskamp, S. (2019).
Exploring multicultural classroom dynamics: a network analysis. J. Sch. Psychol. 74,
90-105. doi: 10.1016/j.jsp.2019.02.003

Albirini, A. (2014). Toward understanding the variability in the language proficiencies
of Arabic heritage speakers. Int. J. Biling. 18, 730-765. doi: 10.1177/1367006912472404

Albirini, A., and Benmamoun, E. (2014). Concatenative and nonconcatenative plural
formation in L1, L2, and heritage speakers of Arabic. Mod. Lang. J. 98, 854-871. doi:
10.1111/j.1540-4781.2014.12126.x

Anderson, J. A., Mak, L., Keyvani Chahi, A., and Bialystok, E. (2018). The language
and social background questionnaire: assessing degree of bilingualism in a diverse
population. Behav. Res. Methods 50, 250-263. doi: 10.3758/s13428-017-0867-9

Armon-Lotem, S., Rose, K., and Altman, C. (2021). The development of English as a
heritage language: the role of chronological age and age of onset of bilingualism. First
Lang. 41, 67-89. doi: 10.1177/0142723720929810

Bale, J. (2010). Arabic as a heritage language in the United States. Int. Multiling. Res.
J. 4, 125-151. doi: 10.1080/19313152.2010.499041

Bar On, S., and Meir, N. (2022). Requests and apologies in two languages among
bilingual speakers: a comparison of heritage English speakers and English- and Hebrew-
dominant bilinguals. Front. Psychol. 13:1017715. doi: 10.3389/fpsyg.2022.1017715

Bates, D., Maechler, M., Bolker, B., and Walker, S. (2015). Fitting linear mixed-effects
models using Ime4. J. Stat. Softw. 67, 1-48. doi: 10.18637/jss.v067.i01

Baus, C., Costa, A., and Carreiras, M. (2013). On the effects of second language
immersion on first language production. Acta Psychol. 142, 402-409. doi: 10.1016/j.
actpsy.2013.01.010

Beenstock, M. (1996). The acquisition of language skills by immigrants: the case of
Hebrew in Israel. Int. Migr. 34, 3-30. doi: 10.1111/j.1468-2435.1996.tb00178.x

Benmamoun, E., Montrul, S., and Polinsky, M. (2013). Heritage languages and their
speakers: opportunities and challenges for linguistics. Theor.Linguist. 39, 129-181. doi:
10.1515/t1-2013-0009

Benor, S. B. (2009). Do American Jews speak a "Jewish language"?: a model of Jewish
linguistic distinctiveness. Jew. Q. Rev. 99, 230-269. doi: 10.1353/jqr.0.0046

Benor, S. B. (2018). “Hebrew infusion in American Jewish life: tensions and the role
of Israeli Hebrew” in What we talk about when we talk about Hebrew (and why it matters
to Americans). eds. N. Berg and N. Sokoloff (Seattle: University of Washington Press)

Bialystok, E., Hawrylewicz, K., Grundy, J. G., and Chung-Fat-Yim, A. (2022). The
swerve: how childhood bilingualism changed from liability to benefit. Dev. Psychol. 58,
1429-1440. doi: 10.1037/dev0001376

Frontiers in Psychology

17

10.3389/fpsyg.2024.1331801

“Toward Understanding Heritage Language Development: The Case
of Child and Adult Heritage Russian in Israel and the USA”

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fpsyg.2024.1331801/
full#supplementary-material

Bialystok, E., and Luk, G. (2012). Receptive vocabulary differences in
monolingual and bilingual adults. Biling. Lang. Congn. 15, 397-401. doi: 10.1017/
$136672891100040X

Bridges, K., and Hoff, E. (2014). Older sibling influences on the language environment
and language development of toddlers in bilingual homes. Appl. Psycholinguist. 35,
225-241. doi: 10.1017/S0142716412000379

Bringmann, L. E, Elmer, T., Epskamp, S., Krause, R. W,, Schoch, D., Wichers, M., et al.
(2019). What do centrality measures measure in psychological networks? J. Abnorm.
Psychol. 128, 892-903. doi: 10.1037/abn0000446

Bylund, E., Antfolk, J., Abrahamsson, N., Olstad, A. M. H., Norrman, G., and
Lehtonen, M. (2023). Does bilingualism come with linguistic costs? A meta-analytic
review of the bilingual lexical deficit. Psychon. Bull. Rev. 30, 897-913. doi: 10.3758/
513423-022-02136-7

Bylund, E., Hyltenstam, K., and Abrahamsson, N. (2021). Age of acquisition — not
bilingualism - is the primary determinant of less than nativelike L2 ultimate attainment.
Biling. Lang. Congn. 24, 18-30. doi: 10.1017/51366728920000188

Comanaru, R., and Noels, K. A. (2009). Self-determination, motivation, and the
learning of Chinese as a heritage language. Can. Modern Lang. Rev. 66, 131-158. doi:
10.3138/cmlr.66.1.131

Core, C., Hoff, E., Rumiche, R., and Sefor, M. (2013). Total and conceptual vocabulary
in Spanish-English bilinguals from 22 to 30 months: implications for assessment. J.
Speech Lang. Hear. Res. 56, 1637-1649. doi: 10.1044/1092-4388(2013/11-0044)

de Bruin, A. M. T. (2019). Not all bilinguals are the same. A call for more detailed
assessments and descriptions of bilingual experiences. Behav. Sci. 9:33. doi: 10.3390/
bs9030033

De Cat, C. (2021). Socioeconomic status as a proxy for input quality in bilingual
children? Appl. Psycholinguist. 42, 301-324. doi: 10.1017/S014271642000079X

De Cat, C., Ka$¢elan, D., Prévost, P,, Serratrice, L., Tuller, L., and Unsworth, S. (2023).
How to quantify bilingual experience? Findings from a Delphi consensus survey. Biling.
Lang. Congn. 26, 112-124. doi: 10.1017/S1366728922000359

Duncan, T. S., and Paradis, J. (2020). Home language environment and children's
second language acquisition: the special status of input from older siblings. J. Child Lang.
47, 982-1005. doi: 10.1017/S0305000919000977

Ehl, B., Bruns, G., and Grosche, M. (2020). Differentiated bilingual vocabulary
assessment reveals similarities and differences compared to monolinguals: conceptual
versus single-language scoring and the relation with home language and literacy
activities. Int. J. Biling. 24, 715-728. doi: 10.1177/1367006919876994

frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1331801
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpsyg.2024.1331801/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyg.2024.1331801/full#supplementary-material
https://doi.org/10.1016/j.jsp.2019.02.003
https://doi.org/10.1177/1367006912472404
https://doi.org/10.1111/j.1540-4781.2014.12126.x
https://doi.org/10.3758/s13428-017-0867-9
https://doi.org/10.1177/0142723720929810
https://doi.org/10.1080/19313152.2010.499041
https://doi.org/10.3389/fpsyg.2022.1017715
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1016/j.actpsy.2013.01.010
https://doi.org/10.1016/j.actpsy.2013.01.010
https://doi.org/10.1111/j.1468-2435.1996.tb00178.x
https://doi.org/10.1515/tl-2013-0009
https://doi.org/10.1353/jqr.0.0046
https://doi.org/10.1037/dev0001376
https://doi.org/10.1017/S136672891100040X
https://doi.org/10.1017/S136672891100040X
https://doi.org/10.1017/S0142716412000379
https://doi.org/10.1037/abn0000446
https://doi.org/10.3758/s13423-022-02136-7
https://doi.org/10.3758/s13423-022-02136-7
https://doi.org/10.1017/S1366728920000188
https://doi.org/10.3138/cmlr.66.1.131
https://doi.org/10.1044/1092-4388(2013/11-0044)
https://doi.org/10.3390/bs9030033
https://doi.org/10.3390/bs9030033
https://doi.org/10.1017/S014271642000079X
https://doi.org/10.1017/S1366728922000359
https://doi.org/10.1017/S0305000919000977
https://doi.org/10.1177/1367006919876994

Fridman et al.

Epskamp, S., Borsboom, D., and Fried, E. I. (2018). Estimating psychological networks
and their accuracy: a tutorial paper. Behav. Res. Methods.50, 195-212 doi: 10.3758/
513428-017-0862-1

Epskamp, S., Cramer, A. O. J., Waldorp, L. J., Schmittmann, V. D., and Borsboom, D.
(2012). Qgraph: network visualizations of relationships in psychometric data. J. Stat.
Softw. 48, 1-18. doi: 10.18637/jss.v048.i04

Epskamp, S., Maris, G. K., Waldorp, L. J., and Borsboom, D. (2016). Network
psychometrics. PsyArXiv. doi: 10.48550/arXiv.1609.02818

Freeborn, L., Andringa, S., Lunansky, G., and Rispens, J. (2022). Network
analysis for modeling complex systems in SLA research. Stud. Second. Lang. Acquis., 45,
1-32. doi: 10.1017/80272263122000407

Fridman, C., and Meir, N. (2023a). A portrait of lexical knowledge among adult
Hebrew heritage speakers dominant in American English: evidence from naming and
narrative tasks. Languages 8:36. doi: 10.3390/languages8010036

Fridman, C., and Meir, N. (2023b). Lexical production and innovation in child and
adult Russian heritage speakers dominant in English and Hebrew. Biling. Lang. Congn.,
26, 1-16. doi: 10.1017/S1366728923000147

Gharibi, K., and Boers, F. (2017). Influential factors in incomplete acquisition and
attrition of young heritage speakers’ vocabulary knowledge. Lang. Acquis. 24, 52-69. doi:
10.1080/10489223.2016.1187613

Gollan, T. H., Montoya, R. I, Fennema-Notestine, C., and Morris, S. K. (2005).
Bilingualism affects picture naming but not picture classification. Mem. Cogn. 33,
1220-1234. doi: 10.3758/BF03193224

Gollan, T. H., Starr, J., and Ferreira, V. S. (2015). More than use it or lose it: the
number-of-speakers effect on heritage language proficiency. Psychon. Bull. Rev. 22,
147-155. doi: 10.3758/s13423-014-0649-7

Gollan, T. H., Weissberger, G. H., Runngyist, E., Montoya, R. I., and Cera, C. M.
(2012). Self-ratings of spoken language dominance: a multilingual naming test (MINT)
and preliminary norms for young and aging Spanish-English bilinguals. Biling. Lang.
Congn. 15, 594-615. doi: 10.1017/81366728911000332

Gordon, S., and Meir, N. (2023). English as a heritage language: the effects of input
patterns and contact with Hebrew. Int. J. Biling. 2023:136700692311557. doi:
10.1177/13670069231155775

Grosjean, F. (1989). Neurolinguists, beware! The bilingual is not two monolinguals in
one person. Brain Lang. 36, 3-15. doi: 10.1016/0093-934X(89)90048-5

Israeli Ministry of Education (2024). Eligibility criteria for receiving the Bagrut
matriculation diploma Senior Examination Division Available at: https://edu.gov.il/
minhalpedagogy/exams/matriculation-certificate/Pages/The-Reforma-constition.aspx.

Isvoranu, A. M., and Epskamp, S. (2023). Which estimation method to choose in
network psychometrics? Deriving guidelines for applied researchers. Psychol. Methods
28, 925-946. doi: 10.1037/met0000439

Jee, M. J. (2018). Heritage language proficiency in relation to attitudes, motivation,
and age at immigration: a case of Korean-Australians. Lang. Cult. Curric. 31, 70-93. doi:
10.1080/07908318.2017.1342653

Jenkins, J., Cogo, A., and Dewey, M. (2011). Review of developments in research into
English as a lingua franca. Lang. Teach. 44, 281-315. doi: 10.1017/S0261444811000115

Jofte, S. (2018). Identity, motivation, language shift, and language maintenance.
Doctoral dissertation. Bar Ilan University.

Junker, D. A., and Stockman, L. J. (2002). Expressive vocabulary of German-English
bilingual toddlers. Am. J. Speech Lang. Pathol. 11, 381-394. doi: 10.1044/1058-
0360(2002/042)

Kagan, O. (2012). Intercultural competence of heritage language learners: motivation,
identity, language attitudes, and the curriculum. In Proceedings of Intercultural
Competence Conference, 72-84.

Katamata, P, Chuderski, A., Szewczyk, J., Senderecka, M., and Wodniecka, Z. (2022a).
Bilingualism caught in a net: a new approach to understanding the complexity of
bilingual experience. J. Exp. Psychol. Gen. 152, 157-174. doi: 10.1037/xge0001263

Kalamata, P, Senderecka, M., and Wodniecka, Z. (2022b). On the multidimensionality
of bilingualism and the unique role of language use. Biling. Lang. Congn. 25, 471-483.
doi: 10.1017/51366728921001073

Kas¢elan, D., Prévost, P, Serratrice, L., Tuller, L., Unsworth, S., and De Cat, C. (2021).
A review of questionnaires quantifying bilingual experience in children: do
they document the same constructs? Biling. Lang. Congn. 25, 1-13. doi: 10.1017/
$1366728921000390

Kaushanskaya, M., Blumenfeld, H. K., and Marian, V. (2020). The language experience
and proficiency questionnaire (leap-q): ten years later. Biling. Lang. Congn. 23, 945-950.
doi: 10.1017/51366728919000038

Kayam, O., and Hirsch, T. (2012). Family language policy of the English speaking
immigrant community in Israel: families with young children and their FLP planning,
management, and outcomes. Int. J. Linguist. 4, 622-635. doi: 10.5296/ijl.v4i4.2631

Kim, K., and Kim, H. (2022). Sequential bilingual heritage childrens L1 attrition in
lexical retrieval: age of acquisition versus language experience. Biling. Lang. Congn. 25,
537-547. doi: 10.1017/S1366728921001139

Frontiers in Psychology

18

10.3389/fpsyg.2024.1331801

Lee, J. S. (2002). The Korean language in America: the role of cultural identity in
heritage language learning. Lang.  Cult. Curric. 15, 117-133. doi:
10.1080/07908310208666638

Li, C., Zeng, X., Neugroschl, J., Aloysi, A., Zhu, C. W,, Xu, M., et al. (2022). The 32-
item multilingual naming test: cultural and linguistic biases in monolingual Chinese-
speaking older adults. J. Int. Neuropsychol. Soc. 28, 511-519. doi: 10.1017/
S1355617721000746

Lin, P. M., and Siyanova-Chanturia, A. (2015). “Internet television for L2 vocabulary
learning” in Language learning beyond the classroom. Eds. D. Nunan and J. C. Richards
(London: Routledge), 149-158.

Livni, A., and Meir, N. (2022). “Morphological processing in heritage and L2 English
in Israel: evidence from a grammaticality judgment task” in Fourth International
Conference on Heritage/Community Languages (UCLA).

Luk, G., and Rothman, J. (2022). Experience-based individual differences modulate
language, mind and brain outcomes in multilinguals. Brain Lang. 228:105107. doi:
10.1016/j.bandl.2022.105107

Macbeth, A., Atagi, N., Montag, J. L., Bruni, M. R., and Chiarello, C. (2022). Assessing
language background and experiences among heritage bilinguals. Front. Psychol.
13:993669. doi: 10.3389/fpsyg.2022.993669

Marian, V., and Hayakawa, S. (2021). Measuring bilingualism: the quest for a
“bilingualism  quotient” Appl.  Psycholinguist. 42, 527-548. doi: 10.1017/
S0142716420000533

Meir, N, Joffe, S., Shabtaev, R., Walters, J., and Armon-Lotem, S. (2021). “Heritage
languages in Israel: the multilingual tapestry with Hebrew threads” in The Cambridge
handbook of heritage languages and linguistics. eds. S. Montrul and M. Polinsky
(Cambridge University Press), 129-155.

Migkisz, A., Haman, E., Luniewska, M., Kus, K., O’'Toole, C., and Katsos, N. (2017).
The impact of a first-generation immigrant environment on the heritage language:
productive vocabularies of Polish toddlers living in the UK and Ireland. Int. J. Biling.
Educ. Biling. 20, 183-200. doi: 10.1080/13670050.2016.1179259

Montrul, S. A. (2008). Incomplete acquisition in bilingualism: re-examining the age
factor. Amsterdam: John Benjamins.

Montrul, S. (2016). “Dominance and proficiency in early and late bilingualism” in
Language dominance in bilinguals: issues of measurement and operationalization. eds. C.
Silva-Corvalén and J. Treffers Daller (Cambridge University Press), 15-35.

Montrul, S., Foote, R., and Perpifidn, S. (2008). Gender agreement in adult second
language learners and Spanish heritage speakers: the effects of age and context of
acquisition. Lang. Learn. 58, 503-553. doi: 10.1111/j.1467-9922.2008.00449.x

Montrul, S., and Sdnchez-Walker, N. (2013). Differential object marking in child and
adult Spanish heritage speakers. Lang. Acquis. 20, 109-132. doi: 10.1080/10489223.
2013.766741

Nicklin, C., and Plonsky, L. (2020). Outliers in L2 research in applied linguistics: a
synthesis and data re-analysis. Annu. Rev. Appl. Linguist. 40, 26-55. doi: 10.1017/
$0267190520000057

Oller, D. K., Pearson, B. Z., and Cobo-Lewis, A. B. (2007). Profile effects in early
bilingual language and literacy. Appl. Psycholinguist. 28, 191-230. doi: 10.1017/
S0142716407070117

Paradis, J. (2023). Sources of individual differences in the dual language development
of heritage bilinguals. J. Child Lang. 50, 793-817. doi: 10.1017/S0305000922000708

Pearson, B. Z., Fernandez, S. C., and Oller, D. K. (1993). Lexical development in
bilingual infants and toddlers: comparison to monolingual norms. Lang. Learn. 43,
93-120. doi: 10.1111/j.1467-1770.1993.tb00174.x

Phillipson, R. (2008). Lingua franca or lingua frankensteinia? English in European
integration and globalisation. World Englishes 27, 250-267. doi: 10.1111/j.1467-
971X.2008.00555.x

Polinsky, M. (2018). “Heritage English” in Heritage languages and their speakers
(Cambridge studies in linguistics) (Cambridge: Cambridge University Press), 38-75.

Prior, A., and van Hell, J. G. (2021). “Including bilingual participants in cognitive
research” in Bilingualism across the lifespan: opportunities and challenges for cognitive
research in a global society. ed. W. S. Francis (New York: Routledge), 47-65.

R Core Team (2021). R: a language and environment for statistical computing. R
Foundation for Statistical Computing, Vienna.

Rakhilina, E., Vyrenkova, A., and Polinsky, M. (2016). Linguistic creativity in heritage
speakers. Glossa 1:43. doi: 10.5334/gjgl.90

Rebhun, U, and Lev-Ari, L. (2013). “Migration, transnationalism, diaspora, and
research on Israelis in the United States” in American Israelis (Leiden: Brill)

Rodina, Y., Kupisch, T., Meir, N., Mitrofanova, N., Urek, O., and Westergaard, M.
(2020). Internal and external factors in heritage language acquisition: evidence from
heritage Russian in Israel, Germany, Norway, Latvia and the United Kingdom. Front.
Educ. 5:20. doi: 10.3389/feduc.2020.00020

Rose, K., Armon-Lotem, S., and Altman, C. (2023). Family language policy and
vocabulary of bilingual children across different ages. Ampersand 11:100154. doi:
10.1016/j.amper.2023.100154

frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1331801
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.3758/s13428-017-0862-1
https://doi.org/10.3758/s13428-017-0862-1
https://doi.org/10.18637/jss.v048.i04
https://doi.org/10.48550/arXiv.1609.02818
https://doi.org/10.1017/S0272263122000407
https://doi.org/10.3390/languages8010036
https://doi.org/10.1017/S1366728923000147
https://doi.org/10.1080/10489223.2016.1187613
https://doi.org/10.3758/BF03193224
https://doi.org/10.3758/s13423-014-0649-7
https://doi.org/10.1017/S1366728911000332
https://doi.org/10.1177/13670069231155775
https://doi.org/10.1016/0093-934X(89)90048-5
https://edu.gov.il/minhalpedagogy/exams/matriculation-certificate/Pages/The-Reforma-constition.aspx
https://edu.gov.il/minhalpedagogy/exams/matriculation-certificate/Pages/The-Reforma-constition.aspx
https://doi.org/10.1037/met0000439
https://doi.org/10.1080/07908318.2017.1342653
https://doi.org/10.1017/S0261444811000115
https://doi.org/10.1044/1058-0360(2002/042)
https://doi.org/10.1044/1058-0360(2002/042)
https://doi.org/10.1037/xge0001263
https://doi.org/10.1017/S1366728921001073
https://doi.org/10.1017/S1366728921000390
https://doi.org/10.1017/S1366728921000390
https://doi.org/10.1017/S1366728919000038
https://doi.org/10.5296/ijl.v4i4.2631
https://doi.org/10.1017/S1366728921001139
https://doi.org/10.1080/07908310208666638
https://doi.org/10.1017/S1355617721000746
https://doi.org/10.1017/S1355617721000746
https://doi.org/10.1016/j.bandl.2022.105107
https://doi.org/10.3389/fpsyg.2022.993669
https://doi.org/10.1017/S0142716420000533
https://doi.org/10.1017/S0142716420000533
https://doi.org/10.1080/13670050.2016.1179259
https://doi.org/10.1111/j.1467-9922.2008.00449.x
https://doi.org/10.1080/10489223.2013.766741
https://doi.org/10.1080/10489223.2013.766741
https://doi.org/10.1017/S0267190520000057
https://doi.org/10.1017/S0267190520000057
https://doi.org/10.1017/S0142716407070117
https://doi.org/10.1017/S0142716407070117
https://doi.org/10.1017/S0305000922000708
https://doi.org/10.1111/j.1467-1770.1993.tb00174.x
https://doi.org/10.1111/j.1467-971X.2008.00555.x
https://doi.org/10.1111/j.1467-971X.2008.00555.x
https://doi.org/10.5334/gjgl.90
https://doi.org/10.3389/feduc.2020.00020
https://doi.org/10.1016/j.amper.2023.100154

Fridman et al.

Rothman, J. (2009). Understanding the nature and outcomes of early bilingualism:
romance languages as heritage languages. Int. J. Biling. 13, 155-163. doi:
10.1177/1367006909339814

Rothman, J., Bayram, E, DeLuca, V., Gonzalez Alonso, J., Kubota, M., and
Puig-Mayenco, E. (2023). “Defining bilingualism as a continuum: consequences for the
study of bilingual mind and brain effects” in Understanding language and cognition
through bilingualism: in honor of Ellen Bialystok. eds. G. Luk, J. A. E. Anderson and J. G.
Grundy (John Benjamins Publishing Company).

Saadah, E. (2011). The production of Arabic vowels by English L2 learners and heritage
speakers of Arabic. University of Illinois at Urbana-Champaign.

Shabtaev, R., Walters, J., and Armon-Lotem, S. (2022). Heritage language maintenance
and shift of three languages across three generations of mountain Jews in Israel. J.
Multiling. Multicult. Dev., 1-17. doi: 10.1080/01434632.2022.2131793

Frontiers in Psychology

19

10.3389/fpsyg.2024.1331801

Steinhauer, K., and Kasparian, K. (2020). Brain plasticity in adulthood—ERP evidence
for L1-attrition in lexicon and Morphosyntax after predominant L2 use. Lang. Learn. 70,
171-193. doi: 10.1111/lang.12391

Tomi¢, A., Rodina, Y., Bayram, E, and De Cat, C. (2023). Documenting heritage
language experience using questionnaires. Front. Psychol. 14:1131374. doi: 10.3389/
fpsyg.2023.1131374

Wen, X., and Piao, M. (2020). Motivational profiles and learning experience across
Chinese language proficiency levels. System 90:102216. doi: 10.1016/j.
system.2020.102216

Zalbidea, J. Y., Cabo, D. P, Loza, S., and Luque, A. (2023). Spanish heritage language
learners’ motivational profile in the postsecondary classroom: insights from
psychological network modeling. Stud. Second. Lang. Acquis. 45, 979-1003. doi: 10.1017/
$0272263123000025

frontiersin.org


https://doi.org/10.3389/fpsyg.2024.1331801
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://doi.org/10.1177/1367006909339814
https://doi.org/10.1080/01434632.2022.2131793
https://doi.org/10.1111/lang.12391
https://doi.org/10.3389/fpsyg.2023.1131374
https://doi.org/10.3389/fpsyg.2023.1131374
https://doi.org/10.1016/j.system.2020.102216
https://doi.org/10.1016/j.system.2020.102216
https://doi.org/10.1017/S0272263123000025
https://doi.org/10.1017/S0272263123000025

	Modeling lexical abilities of heritage language and L2 speakers of Hebrew and English in Israel and the United States: a network approach
	1 Introduction
	2 The bilingual lexicon
	2.1 The bilingual lexicon and effects of background and input factors
	2.2 Documenting diverse bilingual language experience: a network approach
	2.3 The present study: English and Hebrew in Israel and the USA

	3 Methods
	3.1 Lexical proficiency: the MINT task
	3.2 Measuring background and language use factors: normalizing data across questionnaires
	3.3 Statistical analysis

	4 Results
	4.1 Lexical performance
	4.2 Network analysis

	5 Discussion
	5.1 Lexical proficiency in Hebrew and English: dominant vs. non-dominant languages (L1 vs. L2; HL vs. SL)
	5.2 Network modeling: interconnected relationships between lexical proficiency and background and input factors
	5.3 Limitations and future directions

	6 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

