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ARTICLE INFO ABSTRACT

Keywords: Language mixing (LM) is common among individuals who speak two or more languages. LM in healthy multi-

4M m?d‘ﬂ lingual individuals has been studied extensively, often by applying the Matrix Language Frame (MLF) and the 4M

;:‘/[p}l‘??a | model, both developed by Myers-Scotton and colleagues. Our study examined LM in multilingual people with
ultilingual

aphasia (PWA), to determine: (1) frequency of LM in the first-acquired language (L1) and later-acquired lan-
guages (L2/L3); (2) whether the 4M model accounts for LM patterns; and (3) how language-specific charac-
teristics affect LM.

Narratives produced by 18 multilingual PWA (English-Hebrew; English-Spanish, English-Hebrew-Spanish and
Russian-Hebrew speakers) with and without agrammatism were analyzed using the 4M model. More LM was
observed in L2 contexts compared to L1 in participants with agrammatism, yet in participants without agram-
matism no differences were found between L1 and L2. The patterns of LM in target and non-target languages
were similar across L1 and L2: content morphemes were more likely to be embedded into the matrix language,
aligning with previous research on healthy multilingual controls. Differences were found between the types of
LM across the four studied languages.

Our findings indicate that multilingual PWA mix languages in a typical manner, similar to neurotypical
multilingual individuals, aligning with the predictions of the 4M model. Furthermore, in multilingual PWA, as in
healthy multilingual people, differences in LM across languages are related to the morphological richness of the
matrix language and the congruency of the languages involved in LM. Clinically, based on our results, LM can be
encouraged as a communication aid.

Language mixing

1. Introduction some researchers referring to it as pathological (Fabbro et al., 2000;

Fyndanis, & Lehtonen, 2021; Perecman, 1984) and others suggesting it

Language mixing (LM) is a common practice among bilingual and
multilingual speakers, as discussed in a seminal paper by Bentahila and
Davies (1992). The motivation for and the characteristics of LM pro-
duced by neurologically healthy people have been studied extensively
over the years (e.g., MacSwan, 2022; Muysken, 2000; Myers-Scotton,
1993; Myers-Scotton & Jake, 2000, 2017; Nguyen, 2024; Walters,
2005). In multilingual people who have aphasia, an acquired language
impairment, LM has been a matter of controversy in the literature, with

is used as a communication strategy (Goral et al., 2019; Lerman et al.,
2019). In the literature on LM in aphasia, the frequency of mixing in
connected speech has been studied (Munoz et al., 1999; Paplikar, 2016),
as has the distribution of word types most likely to be mixed (Bihovsky
et al., 2023; Paplikar, 2016), but little has been reported about the in-
ternal structure of the mixed elements. The aim of our cross-linguistic
study is to examine LM in a diverse sample of people with aphasia
(PWA) who are speakers of typologically different languages, to
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determine whether PWA use LM in a typical or atypical manner.
1.1. Language mixing in neurotypical multilingual people

One hallmark characteristic of neurotypical multilingual people is
their ability to mix their languages or keep them separate, according to
the communicative situation (Green & Abutalebi, 2013; Grosjean,
2001). Highly proficient multilingual people effortlessly switch their
languages between utterances within a conversation and mix words and
phrases from different languages within utterances when speaking with
other people who share their languages (Grosjean, 2001; Muysken,
2000). The grammar characterizing LM and the pragmatic rules that
determine the frequency and the directionality of it have been studied
extensively (Alexiadou & Lohndal, 2018; MacSwan, 2022; Muysken,
2000; Myers-Scotton, 1993; Poplack, 1980; Walters, 2005). For
example, the internal structure of LM has been examined, and models to
explain it have been suggested (Myers-Scotton, 1993; Myers-Scotton &
Jake, 2000, 2017)." Word-internal LM patterns across different lan-
guages have been discussed in numerous language pairs within the
Matrix Language Frame (MLF) and the 4M models, both developed by
Myers-Scotton and colleagues, to account for the types of morphemes
that are likely to be mixed within utterances and to understand the
linguistic relations between pairs of languages, which can predict
acceptable mixing.

The MLF model aims to capture the structure of LM by identifying the
matrix language of each utterance, which provides its main structure,
and the embedded language or guest language, from which the mixed
elements are inserted (Myers-Scotton, 2002). The embedded language
may encompass a single lexical item (e.g., a noun, a preposition) or an
island, comprising a phrase (e.g., prepositional phrase, embedded
clause). The MLF distinguishes between two types of morphemes: con-
tent morphemes (e.g., a noun) and system morphemes (e.g., plural affix)
(Myers-Scotton, 2002; Myers-Scotton & Jake, 2017).

The 4M model also identifies the matrix language and the embedded
language but further classifies three specific types of system morphemes
in the embedded language (Myers-Scotton & Jake, 2017). These mor-
phemes include content morphemes (e.g., simple content morphemes
such as singular nouns or zero-marked verbs; multimorphemic content
morphemes such as plural nouns or inflected verbs), early system mor-
phemes (e.g., determiners, conjunctions) and late system morphemes (e.
g., late bridge system morphemes such as possessive markers, and
outsider late system morphemes such as inflections, cases etc.) (Myers-
Scotton & Jake, 2000; 2009; 2017). In multilingual people without
aphasia, content morphemes are mixed more than early system mor-
phemes which are mixed more than late system morphemes (Myers-
Scotton & Jake, 2000; 2017). Furthermore, the matrix language has
been observed to be driving the morpheme-related type of LM that is
occurring, and not the embedded language, across an array of language
pairs (Myers-Scotton & Jake, 2000; 2009).

Embedded constituents do not always appear as single lexical-item
insertions; they can also occur as embedded islands, defined as “well-

! We note that the terminology used in different models varies and is also
somewhat contradictory across different fields. In linguistic models such as the
MLF and 4M models, the term Codeswitching is used to define all instances of
language mixing within a clause. However, in the aphasia literature Codes-
witching is often used to denote the switching of languages across utterance
boundaries, whereas Codemixing is used to denote the mixing of languages
within an utterance, including within clauses within a given utterance.
Furthermore, the term Language mixing is used in the aphasia literature more
generally to encompass both codeswitching and codemixing, whereas in the
field of linguistics is has been used more specifically for mixing within a single
word. To avoid confusion, we do not use the term Codeswitching in this paper,
rather, we use the more general term Language mixing to encompass all types of
codeswitching and codemixing and we specify between-utterance language
mixing and within-utterance language mixing where appropriate.
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formed constituents in the embedded language that show internal
structural relations” (Jake et al., 2002, p. 74). These embedded islands
(e.g., determiner phrases like ‘the box’, adjectival phrases like ‘the big
box’, and prepositional phrases like ‘in the big box’) are formed ac-
cording to the grammar of the embedded language and are then inserted
into the matrix language. The embedding of islands varies across
speakers and languages. Jake et al. (2002) report that well-formed
embedded islands vary across language pairs (e.g., approximately 10
% of English-Spanish LM data and 85 % of Swiss German-Italian LM
data). The authors suggest that islands are more likely to occur in lan-
guage pairs where the embedded material is incongruent with the ma-
trix language. They propose that, in addition to phi-feature
incongruence between German and Italian (i.e., person, number, and
gender feature), case features also play a role.

Furthermore, cross-linguistic typological differences have been
observed regarding other components of the matrix and embedded
languages (Nguyen, 2024) as well as with respect to the categorization
of morpheme class (Myers-Scotton & Jake, 2017). For example, pro-
nouns can be categorized differently within and across languages,
depending on the grammatical function within an utterance in any given
language (Myers-Scotton & Jake, 2017). Thus, when analyzing data
based on the 4M model, it is important to take language typology into
account, and to look at language pairs with varying degrees of
morphological complexity, both in neurotypical multilingual people and
in multilingual PWA.

This study looked at the internal structure of within-utterance LM in
languages with varying morphological richness (English, Hebrew,
Russian, and Spanish). Whereas English has relatively sparse
morphology, the other three languages have complex morphological
systems, which include, for example, the rich case system in Russian,
and overt markings of grammatical gender agreement in Hebrew,
Russian, and Spanish. Analyses were conducted based on the 4M model,
first by establishing the matrix language for each utterance, and then by
analyzing the embedded components. However, rather than investi-
gating neurotypical speakers of these languages, all participants in our
study had aphasia.

1.2. Aphasia

Aphasia is an acquired language impairment resulting from a brain
injury. Stroke-induced aphasia refers to aphasia resulting from a cere-
brovascular accident in the language-dominant hemisphere of the brain,
typically the left hemisphere. People who sustain a cerebrovascular
accident resulting in aphasia experience difficulties in various linguistic
abilities, including speaking, reading, writing, and comprehending
spoken and/or sign language, to varying degrees (Berthier, 2005;
Papathanasiou & Coppens, 2021). Aphasia may affect different lin-
guistic processes and representations, as in the case of agrammatism,
defined as a syntactic deficit that affects sentence comprehension, sen-
tence production or both (Bastiaanse & Thompson, 2012; Faroqi-Shah,
2023; Goodglass & Menn, 1985). Many PWA improve their linguistic
and communication abilities with time and with intervention, especially
in the first weeks and months after the cerebrovascular accident. How-
ever, many sustain lasting impairments, chronically affecting their
ability to produce and comprehend language (Raymer et al., 2008).

Those PWA who use more than one language in their daily
communication prior to the onset of aphasia typically experience lan-
guage difficulties in all their languages. However, the degree of
impairment and path to improvement may differ across languages,
depending on variables such as the degree of language proficiency prior
to the stroke, the degree of language use and exposure before and after
the stroke, and attitudes toward the languages, among others (Albert &
Obler, 1978; Kiran & Gray, 2018; Paradis, 2004; Penaloza et al., 2020).
Particularly for multilingual people with agrammatic aphasia, the clin-
ical expression of language impairment may be differential across lan-
guages depending on variations in syntactic structure and the relative
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morphological richness of their languages (Abuom & Bastiaanse, 2012;
Bastiaanse & Thompson, 2012; Menn et al., 1990). These dynamic
patterns of relative impairment in the different languages of multilin-
gual PWA are of great theoretical and clinical interest (Lerman et al.,
2020; Penaloza et al., 2020). In the current study, we analyzed LM in
PWA with and without agrammatism, taking into account the partici-
pants’ languages, relative proficiencies, and aphasia severity and type.

1.3. Language mixing in aphasia

Like all multilingual people, multilingual PWA mix their languages.
However, evidence for excessive or unintentional mixing led scholars to
argue that PWA may present with so called pathological mixing, con-
sisting of inappropriate and/or involuntary mixing (Fabbro et al., 2000;
Fyndanis, & Lehtonen, 2021; Perecman, 1984). Early reports of prag-
matically inappropriate or unintentional between-utterance LM raised
the possibility that aphasia affects pragmatic aspects of LM or that the
brain lesion affects the control mechanisms that typically allow proper
language selection (Green & Abutalebi, 2008). In contrast, in many in-
stances, mixing — voluntary or not — has been used by PWA primarily as a
communication strategy (Goral et al., 2019; Grosjean, 1985; Lerman
et al., 2019). For example, if PWA cannot momentarily retrieve a word
while speaking in one language, they may be able to access it in their
other language, and thus avoid a communication breakdown.

Reports of LM in PWA focused not only on the pragmatic appropri-
ateness of the mixing, but also on the frequency and the directionality of
LM among multilingual speakers of varying linguistic abilities and lan-
guage combinations. In terms of the frequency of LM, greater frequency
of within-utterance LM in connected speech has been reported for PWA
compared to people without aphasia (e.g., Munoz et al., 1999; Paplikar,
2016). For example, Paplikar’s (2016) data from 32 PWA and 32 people
without aphasia, speakers of Kannada and English, showed greater
numbers of words mixed in the production of PWA compared to people
without aphasia. PWA also exhibited more between-utterance LM than
did the neurologically healthy participants (Paplikar, 2016). Neverthe-
less, the data showed similar distribution of word types among the
mixed words in the two participant groups, with nouns being the more
frequently mixed word type. Finally, Paplikar (2016) found a similar
pattern of mixing for the participants with and without aphasia in terms
of the direction: both groups were more likely to have a higher LM ratio
when the target language was L1-Kannada compared to when the target
language was L2-English.

Whereas the directionality of the mixing in the Kannada-English
participants is consistent with the pragmatic norms of their commu-
nity (Paplikar, 2016), the directionality of LM in PWA can also pattern
with relative proficiency or post-stroke abilities. People with and
without aphasia have been observed to mix words from their stronger
language while speaking in a language of lower abilities (Bihovsky et al.,
2023; Goral et al., 2019). For example, Goral et al. (2019) reported LM
data for 11 PWA speakers of various languages, and demonstrated that
in all cases when there was a difference in the level of post-stroke
abilities between the two languages, the LM ratio was higher when
the target language was the weaker language. This was observed in both
PWA with agrammatism (n = 4) and PWA without agrammatism (n =
7). A similar pattern was observed in LM data for 20 Russian-Hebrew
PWA (Bihovsky et al., 2023). Consistently, people with more severe
aphasia produced more instances of LM than people with milder aphasia
(e.g., Bihovsky et al., 2023; Goral et al., 2019).

Little has been reported in the literature about the internal structure
of the mixed elements in mixed language production of multilingual
PWA. One exception includes Paplikar (2016), who used the MLF model
to explain observed LM in her participants. She found that contrary to
the general pattern of LM (more mixing from English while speaking
Kannada), bound morphemes showed an opposite pattern. Thus, a
higher LM ratio was observed for bound morphemes when the target
language was L2-English compared to when the target language was L1-
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Kannada.
1.4. The current study

The aim of our study was to examine LM in multilingual PWA,
speakers of varying language pairs, to determine whether within-
utterance LM in PWA occurs in a typical or atypical manner relative to
morphological structure. In the field of aphasia, the 4M model has
previously been applied to language produced by monolingual people
(Myers-Scotton & Jake, 2000). The authors found support for their hy-
potheses that the abstract level at which a morpheme is selected will
affect the frequency of selection of one morpheme over another. This
preferential selection could theoretically occur in either the same or a
different language. However, while the MLF has been applied previously
to LM data from multilingual PWA (Paplikar, 2016), the 4M model has
not been directly applied to the output of this population. We examined
connected language production elicited with and without visual mate-
rial from 18 PWA, speakers of three different language combinations,
using the 4M model as our framework. The study was designed to
answer the following research questions about multilingual PWA with
and without agrammatism:

I. Are there differences in the frequency of LM in L1 vs. L2?

We hypothesized that more LM would occur when speaking a weaker
L2 than when speaking L1, and that the distribution of LM type within
L1 and within L2 would be comparable, similar to previous studies on
PWA and studies on neurotypical multilingual populations (Goral et al.,
2019; Lerman et al., 2019; Myers-Scotton & Jake, 2000, 2017). Based on
the literature to date on group studies of people with varied types of
aphasia (i.e., with or without agrammatism), there is no reason to expect
more LM for those with agrammatism than those without agrammatism
(e.g., Goral et al., 2019), thus we predict similar frequencies of LM for
each.

II. Does the 4M model account for within-utterance LM patterns?

We hypothesized that patterns of LM in multilingual PWA, with and
without agrammatism, would be accounted for by the 4M model,
following the findings for mixing patterns in people without aphasia
(Myers-Scotton & Jake, 2017). Furthermore, we predicted that more LM
would occur for the more preserved content morphemes than for the less
preserved system morphemes, based on the findings reported in Myers-
Scotton and Jake (2000) for monolingual people with agrammatic
aphasia.

III. Do language-specific characteristics affect within-utterance LM?

We hypothesized that language-specific characteristics would affect
LM, with LM being determined, at least in part, by the morphological
characteristics of each language (Nguyen, 2024). Specifically, we pre-
dicted that morphologically complex words would be mixed as a com-
plete unit, and therefore this would occur more in morphologically rich
languages (e.g., Hebrew, Russian, Spanish) than in morphologically
sparse languages (e.g., English). Alternately, we predicted that the
morphological structure of English would allow for the mixing of single,
morphologically simple words and that this would thus occur in English
more than in the other languages.

2. Methodology
The materials, data, and analysis script for this study can be retrieved

from the OSF depository: https://osf.io/jw8fy/?view_only=aa07e1d0
9f564e5abd2f00212f2c0c53.
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2.1. Participants

Our study included 18 multilingual PWA whose ages ranged from 41
to 74 years old (Mean age = 61.94, SD = 8.97). Six participants spoke
English and Hebrew, four participants spoke English and Spanish, one
participant spoke English, Spanish and Hebrew, and seven participants
spoke Russian and Hebrew. Some participants also spoke other lan-
guages to varying proficiencies, but they were not in everyday use at the
time of testing. All participants were in the chronic stage of rehabilita-
tion after a stroke or brain tumor. Demographics for each participant can
be seen in Table 1, including age of acquisition of non-L1s, and relative
reported pre-morbid proficiencies and post-morbid language abilities,
based on the participants’ self-report. L1 was considered the first-
acquired language.

Participants were included in this study retrospectively from three
separate labs, after having been recruited previously to take part in a
variety of different studies on multilingual people with aphasia. In all
previous studies, narrative data had been collected in each of the par-
ticipants’ daily-used languages before receiving any treatment in that
particular study. Only participants who spoke English, Hebrew, Russian,
and/or Spanish were included in this study. For two labs (English-He-
brew speakers, English-Spanish speakers, and an English-Spanish-
Hebrew speaker), all participants who were able to produce narratives
(i.e., more than one utterance together for the purpose of communi-
cating one idea) were included in the study. For the third lab (Russian-
Hebrew speakers), seven participants from a pool of 20 participants
were quasi-randomly selected to be a part of this current study (every
third participant in their data pool when the data pool was ordered by
date of recruitment).

2.2. Procedure

Transcriptions of story sequences and personal narratives were
collected from all participants. Story sequences comprised four, six or
twelve drawings presented to the participants who were asked to tell the
story depicted in the sequence; personal narratives were elicited by
asking participants to talk about a given topic (e.g., tell me about a
vacation you took) for a few minutes. The transcriptions were organized
into utterances. Utterances were defined as an independent clause or
sub-clausal unit, plus any associated subordinate clauses, also account-
ing for intonation and pauses to best represent units of spoken speech
(Lerman, 2020).

First, the number of total verbal units (TVUs) were calculated for all
narratives. TVUs included all words, parts of words that were clear part-
word of a recognizable word (including repeated words and repeated
phrases), and interjections, produced in any language. The number of
TVUs produced in the non-target language was calculated as a per-
centage of all TVUs. Second, further analyses were conducted only on
narratives with at least one instance of LM. For these narratives, we
coded utterances relative to within-utterance LM, which was defined as
producing morphemes, words, or phrases in a language other than the
matrix language of the utterance (Myers-Scotton & Jake, 2017, 2000).
Each utterance was coded as to whether it contained mixing or not,
whether a matrix language could be identified, and whether that matrix
language was the target language or not, yielding five categories: 1)
having no within-utterance LM and produced in the target language
(Non-LM-target), 2) having no within-utterance LM and produced in the
non-target language (Non-LM-non-target), 3) having a matrix language
(e.g., English, Hebrew, Russian, or Spanish) that is also the target lan-
guage and included at least one instance of within-utterance LM (Matrix
target), 4) having a matrix language that is a non-target language and
included at least one instance of within-utterance LM (Matrix non-
target), 5) having words that were produced in more than one lan-
guage within the utterance but no matrix language was determined
(Alternation).

Third, for all the utterances that were coded as having a matrix
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language and included at least one instance of within-language LM
(Matrix-target and Matrix non-target), the number of incidences of LM
were counted and analyzed. Analyses of within-utterance LM were
conducted based on the 4M model (Myers-Scotton & Jake, 2017) as a
framework, and we coded morphemes, words and/or phrases for simple
content words (content-s), multimorphemic content words (content-m),
early system morphemes (ESM), late bridge system morphemes, outsider
late system morphemes, and complete and incomplete islands (see
Table 2 for examples). Quantitative and qualitative analyses were then
conducted on the data to identify the patterns of LM across language
pairs, language dominance and/or severity of aphasia.

2.3. Statistical analysis

To analyze the LM data, we employed generalized linear mixed
models using the glmmTMB (Generalized Linear Mixed Models using
Template Model Builder) procedure in R (R Core Team, 2023). This
approach effectively handled our sparse, continuous yet skewed data by
utilizing a Gamma distribution with a log link function, allowing for
robust estimation of fixed effects while accounting for Participant
variability as a random effect.

For RQ1, we examined predictors of the percentage of LM included
by fitting a model with Agrammatism (YES = 1, NO = 0), Target Lan-
guage (L1 vs. L2), and their interaction as fixed effects, with Participant
as a random effect. To further investigate LM across L1 and L2 in par-
ticipants with and without agrammatism, we expanded the model to
include Agrammatism, Target Language, and Utterance Type (Non-LM-
Target, Non-LM-nonTarget, Matrix-Target, Matrix-non-Target, Alterna-
tion) as fixed effects, again incorporating Participant as a random effect.

For RQ2, we focused exclusively on Matrix-target and Matrix-non-
target utterances and fitted a generalized linear mixed model in which
the percentage of LM distribution served as the dependent variable. The
fixed effects included Agrammatism, Target Language, and LM Type
(content-s, content-m, ESM, complete island, incomplete island), along
with their interaction, while Participant was included as a random effect
to account for individual variability.

For RQ3, to analyze LM data across four matrix languages, we fitted
another generalized linear mixed model, with Agrammatism, Matrix
Language (English, Hebrew, Russian, and Spanish) and LM Type (con-
tent-s, content-m, ESM, complete island, incomplete island) as fixed
effects, along with their interaction and Participant as a random effect.
English was set as the reference category for the Matrix Language var-
iable, and content-s was the reference for LM Type. Significant in-
teractions were further examined using estimated marginal means
(EMMs) with Bonferroni correction to adjust for multiple comparisons,
ensuring a rigorous interpretation of the results. By leveraging
glmmTMB, we ensured flexibility and precision in modeling our com-
plex data structure, accounting for both fixed and random effects while
effectively handling sparsity and skewness in the LM distribution.

3. Results

3.1. RQ1I: Are there differences in the frequency of LM in L1 vs. L2 in
multilingual PWA with and without agrammatism?

A total of 198 narratives were produced by the 18 multilingual PWA
included in the study (L1: 96, L2: 102, see Table 3). The percentage of
TVUs in the non-target language was 2 % while speaking in L1 and 7 %
while speaking in L2 out of all 198 narratives. Ninety-nine narratives (i.
e., 50 % of all narratives) contained at least one instance of LM (and
therefore were included in the analyses of LM patterns): 33 out of the 96
narratives produced during L1 testing sessions (34 %), and 66 out of the
102 narratives produced during L2 testing sessions (65 %). In these 99
narratives, the majority of utterances were produced in the target lan-
guage (70 % of 1032 utterances).

The model investigating the predictors of percentage of LM revealed
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Table 1
Participant demographics.
P no. Sex  Age Languages AoA for Type and severity” of Type and severity” of Pre-morbid  Post-morbid Dom pre- Dom post-
(yrs) non-L1s aphasia in L1 aphasia in L2 prof abilities (L1:L2) morbid” morbid ©
(yrs) (L1:L2)
RH201 F 41 L1-Rus, L2- 13 Non-fluent Severe Non-fluent Severe L1: 26/28 L1:10/28 L2-Heb L2-Heb
Heb (Agrammatism) (Agrammatism) L2: 28/28 L2:13/28
RH204 F 61 L1-Rus, L2- 35 Non-fluent Severe Non-fluent Severe L1: 28/28 L1:13/28 L1-Rus L1-Rus
Heb (Agrammatism) (Agrammatism) L2: 25/28 L2:11/28
RH207 F 50 L1-Rus, L2- 23 Non-fluent Moderate Non-fluent Moderate L1: L1:13/28 L1-Rus L2-Heb
Heb (Agrammatism) (Agrammatism) 28/28 L2:17/28
L2: 22/28
RH210 M 67 L1-Rus, L2- 27 Non-fluent Severe Non-fluent Severe L1: 28/28 L1: 8/28 L1-Rus L1-Rus = L2-
Heb (Agrammatism) (Agrammatism) L2:18/28 L2: 8/28 Heb
RH213 F 70 L1-Rus, L2- 23 Anomia Moderate Fluent Moderate L1: 28/28 L1:21/28 L1-Rus = L1-Rus
Heb L2: 28/28 L2:18/28 L2-Heb
RH216 M 60 L1-Rus, L2- 31 Anomia Mild Non-fluent Moderate L1: 28/28 L1:17/28 L1-Rus L1-Rus
Heb (Agrammatism) L2:15/28 L2:10/28
RH219 F 64 L1-Rus, L2- 43 Fluent Mild Non-fluent Moderate L1: 28/28 L1: 21/28 L1-Rus L1-Rus
Heb (Agrammatism) L2:17/28 L2:15/28
HEO1 M 71 L1-Heb 11 Non-fluent Non-fluent, L1:10/10 L1:10/10 L1-Heb L1-Heb
L2-Eng (Agrammatism) (Agrammatism) L2: 8/10 L2: 8/10
EHO02 M 65 L1-Eng 7 Anomia Non-fluent L1:10/10 L1:7/10 L1-Eng L1-Eng
L2-Heb Mild Severe L2:7/10 L2:5/10
EHO3 M 66 L1-Eng 26 Non-fluent, Non-fluent, L1:30/30 L1:22/30 L1-Eng L1-Eng
L2-Heb Moderate Severe 12:27/30 12:11/30
(Agrammatism) (Agrammatism)
EHO4 M 65 L1-Eng 19 Non-fluent, Non-fluent, L1:30/30 L1:25/30 L1-Eng = L1-Eng
L2-Heb Moderate Severe 12:30/30 12:20/30 L2-Heb
(Agrammatism) (Agrammatism)
HEO05 M 60 L1-Heb 7 Fluent Fluent L1:10/10 L1:7.75/10 L1-Heb L1-Heb
L2-Eng Mild Mild L2:9.5/10 L2: 6.75/10
HE06 M 73 L1-Heb 4 Fluent Fluent L1:9/10 L1: 2/10 L2-Eng L1-Heb =
L2-Eng Moderate-severe Moderate-severe L2:10/10 L2:2/10 L2-Eng
SE02 F 51 L1-Spn 4 Anomia, Residual Anomia, Residual L1:10/10 L1:7/10 L2-Eng L2-Eng
L2-Eng L2:10/10 L2:7/10
ES06 F 53 L1-Eng 3 Anomia, Residual Anomia, Residual L1:10/10 L1:5/10 L1-Eng = L1-Eng
L2-Spn L2:10/10 L2: 3/10 L2-Spn
SE07 M 74 L1-Spn 14 Non-fluent, Non-fluent, L1:10/10 L1: 6/10 L1-Spn L1-Spn
L2-Eng Mild Mild L2:9/10 L2:6/10
(Agrammatism)

(continued on next page)
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P no. Sex  Age Languages AoA for Type and severity” of Type and severity” of Pre-morbid ~ Post-morbid Dom pre- Dom post-
(yrs) non-L1s aphasia in L1 aphasia in L2 prof abilities (L1:L2) morbid” morbid ©
(yrs) (L1:1L2)
SE09 F 55 L1-Spn 13 Non-fluent Non-fluent L1:10/10 L1:5/10 L1-Spn = L1-Spn
L2-Eng Moderate Moderate 1L2:10/10 L2:3/10 L2-Eng
ESH12 F 69 L1-Eng 3,5 Fluent Fluent L1:10/10 L1: 6/10 L1-Eng L1-Eng
L2-Spn Mild-Moderate - moderate L2 Spn: 7/ L2 Spn: 3/10
L2-Heb L2 Spn/Heb — moderate- 10 L2 Heb: n/a
severe L2 Heb: 6/
10

Note. P = Participant; Rus = Russian; Heb = Hebrew; Eng = English; Spn = Spanish; AoA = Age of acquisition; L1 = first acquired language; L2 = second acquired
language; prof = proficiency; Dom = dominance.
@ Type and aphasia severity were determined by a clinician in each lab using the Western Aphasia Battery Revised, or a similar aphasia battery in any given language.
> Dominance was based on self-reports of pre- and post-morbid language abilities; post-morbid dominance was confirmed by the researchers based on language

assessments.

" HEO1 rated his language skills in Hebrew as 10/10 both pre- and post-morbidly, even though he clearly had aphasia in Hebrew, as observed by a variety of language

assessments.

Table 2

Categories and examples of the 4M-based analyses.

Category

Types (examples)

Specific examples from
our data

Simple content words
(content-s)

Multimorphemic
content words
(content-m)

Early system
morphemes (ESM)

Late bridge system
morphemes

Outsider late system
morphemes

Complete or
incomplete islands

singular nouns, zero-marked
verbs, discourse markers,
pronouns, prepositions that
assign theta/conceptually
activated, adverbs

e.g., plural or compound
nouns, inflected verbs, verbs
with particles, derivatives
e.g., determiners,
conjunctions

e.g., possessive markers
e.g., inflections, cases
e.g., prepositional phrases,

noun phrases, complex verb
phrases

‘mattress’
‘argue’

Ok’

‘really’

‘now’
‘mattresses’
‘uncomfortable’

‘ve’ in: ‘moon ve star’ —

‘and’ in ‘moon and star’

‘ve’ in: ‘odin brat ve
sestra’ — ‘and’ in ‘one
brother and sister’
n/a

n/a
‘look lost’ — complete

‘pointing in the...” —
incomplete

that the interaction between Target Language and Agrammatism was
significant, B = 0.24, SE = 0.04, = 5.88, p < 0.001. However, the main
effects of Target (B = 0.00, SE = 0.03, § = 0.07, p = 0.942) and
Agrammatism (B = —0.04, SE = 0.04, § = -1.10, p = 0.273) were not
significant. For non-agrammatic participants, the pairwise contrast be-
tween L1 and L2 was not significant, B = —0.00197, SE = 0.0270, t(187)
=-0.073, p = 0.9421; whereas for agrammatic participants the pairwise
contrast between L1 and L2 was significant, B = —0.24112, SE = 0.0286,
t(187) = -8.428, p < 0.001, indicating that agrammatic individuals had
significantly higher rates of LM in L2 compared to L1. For group results
See Fig. 1, Panel A, yet individual variation should be noted (see Fig. 1,
Panel B).

Fig. 2 illustrates the distribution of utterance types across target
languages (L1 vs. L2) in participants with and without agrammatism. A
mixed-effects model analyzing utterance types across L1 and L2 (see
Table 4) revealed no significant main effects for Agrammatism (B =
1.42,SE=1.73,z=0.29, p = 0.774) or Target Language (B = 0.89, SE =
1.06, z = -0.09, p = 0.925). However, a significant main effect was
observed for LM utterance type, particularly for Matrix-nonTarget ut-
terances (B = 0.01, SE = 0.02, z = —3.57, p < 0.001), suggesting vari-
ability in usage across utterance types. Crucially, there was a significant
interaction between Agrammatism and LM type for Matrix-nonTarget

utterances (B = 0.00, SE = 0.00, z = -6.87, p < 0.001), indicating that
this utterance type was markedly more frequent in the agrammatic
group. No other two- or three-way interactions reached significance.
Pairwise comparisons confirmed that agrammatic participants produced
significantly more Matrix-nonTarget utterances than non-agrammatic
participants in both L1 (p < 0.0001) and L2 (p < 0.0001), while such
utterances were virtually absent in the non-agrammatic group. A trend-
level difference was also noted for Alternation utterances in L1 (p =
0.0723), with agrammatic participants tending to produce them more
frequently. No significant differences emerged for Non-LM-Target, Non-
LM-nonTarget, or Matrix-Target utterances across language groups, and
no significant interactions were found involving the target language.
These findings underscore the specificity of Matrix-nonTarget utterance
production as a distinguishing feature of agrammatism, independent of
the target language.

We also examined contrasts between L1 and L2 across different
language-mixed utterance types in participants with and without
agrammatism. The analysis revealed no significant differences between
L1 and L2 in any language-mixed utterance type.

3.2. RQ2: Does the 4M model account for within-utterance LM patterns in
multilingual PWA with and without agrammatism?

LM was analyzed in Matrix-target and Matrix-non-target utterances
(n =175). Fig. 3 illustrates the types of LM observed in L1 and L2 among
participants with and without agrammatism, based on the 4M model.
We found that in both L1 and L2, content words (content-s and content-
m) were the most frequently mixed, with some early system morphemes
(ESM) mixed in L2 in both participant groups. No instances of late bridge
system morphemes or outsider late system morphemes were observed.
Regarding islands, between 5 %-19 % of LM instances in L1 and L2 were
either complete or incomplete islands, with 43 % of these being narra-
tive comments.

Our model for RQ2 revealed significant main effects of LM type, with
both ESM and incomplete island utterances showing markedly lower
proportions compared to the baseline (content-s), as reflected by their
near-zero estimates (both p < 0.001; see Table 5). In contrast, the main
effects of Target Language (L1 vs. L2) and Agrammatism (Non-Agram-
matism vs. Agrammatism) were not statistically significant. However,
crucial three-way interactions emerged, notably Agrammatism x Target
Language x Mtype for both ESM (p = 0.009) and incomplete islands (p
< 0.001). Pairwise comparisons confirmed that agrammatic participants
produced significantly more ESM and incomplete island utterances than
non-agrammatic participants in L1 (both p < 0.001), while no signifi-
cant group differences were observed in L2. Additionally, within-group
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Table 3
Characteristics of the narratives per participant.

# Total # Total # Total #L1 # L2 # Total Sum Sum Sum Sum %LM %LM

Narratives Narratives Narratives ~ Narratives Narratives Narratives TargetTVU  TargetTVU LMTVU LMTVU  Ll-Target L2-Target

L1 L2 with LM with LM with LM L1 L2 L1 L2 (out of (out of

ALL ALL
narratives) narratives)
RH201 2 2 4 2 2 4 210 179 34 7 14 % 4%
RH204 6 6 12 1 6 7 265 93 2 65 1% 41 %
RH207 6 6 12 6 5 11 381 412 64 20 14 % 5%
RH210 6 6 12 3 4 7 301 167 14 15 4% 8%
RH213 6 6 12 5 5 10 1299 967 44 47 3% 5%
RH216 6 6 12 0 4 4 616 709 0 12 0% 2%
RH219 6 6 12 0 6 6 631 582 0 85 0% 13 %
EHO02 6 6 12 0 1 1 380 138 0 5 0% 3%
EHO3 6 6 12 1 6 7 164 47 1 81 1% 63 %
EHO04 6 6 12 1 6 7 178 22 1 28 1% 56 %
EHO5 3 3 6 2 0 2 402 438 4 0 1% 0%
EHO06 2 3 5 1 0 1 385 478 4 0 1% 0%
HEO1 6 5 11 2 5 7 598 235 8 108 1% 31%
SE02 5 6 11 4 0 4 569 654 7 0 1% 0%
SE06 6 5 11 0 3 3 852 817 0 7 0% 1%
SE07 6 6 12 1 3 4 989 1056 2 17 0% 2%
SE09 6 6 12 4 0 4 264 286 7 0 3% 0%
SE12 6 12 18 0 10 10 1402 2039 0 175 0% 8%
Totals 96 102 198 33 66 99 9886 9319 192 672 2% 7 %
%s 34 % 65 % 50 %
of L1 of L2 of all
narratives narratives narratives

Notes: Narratives with LM = narratives including at least one instance of language mixing; TVU = total verbal units; LMTVU = language-mixed total verbal units. %s =

percentages.
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Fig. 1. Language mixing frequency in each language (L1 and L2) for participants with and without agrammatism (A) Group performance and (B) Individual level

performance.

contrasts revealed that only agrammatic participants showed significant
differences between L1 and L2, producing significantly more ESM and
incomplete island utterances in L1 compared to L2 (both p < 0.001),
while no such differences were observed in the non-agrammatic group.
These results highlight that the disproportionate use of specific LM types
— particularly ESM and incomplete islands — is a defining characteristic
of agrammatic speech in the native language context, and such patterns
are not mirrored in the non-agrammatic group or in L2 usage.

3.3. RQ3: Do language-specific characteristics affect within-utterance LM
in multilingual PWA with and without agrammatism?

Fig. 4 shows the distribution of within-utterance LM type in each
matrix language (English, Hebrew, Russian, and Spanish) across

participants with and without agrammatism. The model addressing RQ3
revealed significant main effects and interactions of Matrix Language,
LM type, and Agrammatism on LM percentage (see Table 6 and S1 in
Supplementary materials). Content-m was nearly absent in English but
frequent in Hebrew, Russian, and Spanish, with the effect especially
pronounced among agrammatic participants (all p < 0.001). In contrast,
for ESM, significant differences emerged primarily in the agrammatic
group, where Hebrew had higher LM than Russian and Spanish (both p
< 0.001), and English differed from Hebrew (p = 0.0043). In complete
and incomplete islands, agrammatic participants exhibited robust dif-
ferences across all languages, particularly with Hebrew and Spanish
yielding the highest LM (all p < 0.001). Non-agrammatic contrasts were
fewer but still revealed lower LM in English. Critically, agrammatic
participants produced significantly more LM than non-agrammatic ones
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Fig. 2. Utterance type distribution for each target language: L1 and L2, in participants with and without agrammatism. (A) Group performance and (B) Individual

level performance.

Table 4
Generalized Linear Mixed Model (GLMM) results for the effect of target language
(L1 vs. L2), Utterance LM type and Agrammatism (YES, NO).

Predictors Estimates  SE CI Statistic  p

1.30-34.80  2.28 0.023
0.13-15.44  0.29 0.774

(Intercept) 6.73 5.64

Agrammatism[Non- 1.42 1.73
Agrammatism]

Target Language [L2] 0.89 1.06

LMedUtterance[Non- 0.10 0.12
LM-nonTarget]

LMedUtterance[Matrix- 0.26 0.31
Target]

LMedUtterance[Matrix- 0.01 0.02
nonTarget]

Agrammatism 0.00 0.00
[Non-Agrammatism]
X
LMedUtterance
[Matrix-nonTarget]

0.09-9.13 —0.09 0.925
0.01-1.04 -1.93 0.054

0.03-2.66 -1.13 0.257
0.00-0.15 -3.57 <0.001

0.00-0.00 —6.87 <0.001

Random Effects

o 2.08

T00 Participant 0.00

ICC 0.00

N participant 18
Observations 190
Marginal R?/Conditional R? 0.898/0.898

in Spanish across all LM types (all p < 0.0001), and also in Russian and
Hebrew for selected types. These results underscore how Matrix Lan-
guage and LM type strongly influence LM patterns, with effects mark-
edly heightened in agrammatic speech.

We further examined morphosyntactic accuracy of content-s lan-
guage-mixed morphemes that were either nouns or verbs in participants
with and without agrammatism. In the English-Hebrew PWA, we
observed LM nouns or verbs in a Hebrew matrix five times — three in one
PWA with agrammatism and one each in two PWA without agramma-
tism. For the participants without agrammatism, both instances of LM
were nouns, and both were morphosyntactically correct in context (e.g.,
‘mattress’ in the utterance ‘mattress 'n 7y [1w"7 1710 Ix- = ‘[ go to sleep
on the]yep, mattress’; ‘business’ in the utterance ‘business-nNN 1MnNa DNY

N’ = ‘[The two of them finished the] ye}, business’). For the participant
with agrammatism, all three instances were zero-marked verbs; two
were morphosyntactically correct in context and one was not (e.g., ‘sad’
in the utterance ‘sad ’17' = ‘[A boy (is)] gepb sad’; ‘argue’ in the utterance
‘argue 'nT71 T7* = ‘[A boy and girl] yep argue’; ‘leave’ in the utterance
‘leave 'nT71 = ‘[And the girl] gep leaves’).

In Russian-Hebrew PWA, we observed LM of nouns or verbs 33 times
in a Hebrew matrix. PWA with agrammatism produced six verbs and
eight nouns in the non-target language. Two verbs were used in an
incorrect infinitive form (e.g., ‘to dance’ in the utterance ‘p'ixn XjuT
tanuesars "IN = ‘[I actually] yep danced [very well] gep’), whereas all
nouns were morphosyntactically correct in context (e.g., ‘homework’ in
the utterance ‘ypoku '=wmx Nax ‘[Dad said] pep homework’). PWA
without agrammatism produced LM of two verbs and 17 nouns, and all
instances were morphosyntactically correct in context (e.g., ‘took out’ in
the utterance ‘ssuoXXuna 0190 1 75 = ‘She took out [all kinds of
books] pep’; ‘cake’ in the utterance ‘ropr’n Dy wan nnj77 xnx- = ‘[Mother
took a tray with the] gep cake’). In the Russian matrix, 29 instances of
noun and verb LM were observed, and all were morphosyntactically
correct. PWA with agrammatism exhibited LM of one verb and 24 nouns,
while PWA without agrammatism exhibited LM of four nouns (e.g., ‘hat’
in the utterance ‘nocMorpeun yai> u nonoXXuna’ = ‘Looked [hat] yep and
put down’; ‘products’ in the utterance ‘My)Kuuna u JKenumna Xoyuim
MeXny nxin’= ‘A man and a woman walked between [products] gep’)-

In the Spanish-English PWA, in the Spanish matrix, the person with
agrammatism produced one morphosyntactically correct noun (e.g.,
‘subway’ in the utterance ‘...que no habia tomado nunca el el el el sub-
way’ = ‘[...that had never taken the the the] subway’) and the PWA
without agrammatism produced five morphosyntactically correct nouns
(e.g., ‘receptionist’ in the utterance ‘Cuando fuimo al receptionist’ =
‘[when we went to the] receptionist’). For the English matrix, the person
with agrammatism produced three morphosyntactically correct nouns
(e.g., ‘cuna’ in the utterance ‘...cuna to to to play the the the the the the
baby’ = ‘crib [to to to play the the the the the the baby]’) and one
morphosyntactically correct verb. The trilingual participant, who did
not have agrammatism, produced two correct nouns while in a Hebrew
matrix (e.g., ‘city’ in the utterance: ‘city’n 75 nx nix27 v Tv- = [until
we can see the whole] gep, city) and one correct verb. In a Spanish matrix
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Fig. 3. Within-utterance LM type in L1 and L2 in participants with and without agrammatism (A) Group performance and (B) Individual level performance.

Table 5
Generalized Linear Mixed Model (GLMM) results for the effect of target language (L1 vs. L2) and within-utterance LM type.
pct
Predictors Estimates std. Error CI Statistic P
(Intercept) 0.03 0.03 0.00-0.20 —3.47 0.001
Mtype [ESM] 0.00 0.00 0.00-0.00 —6.83 <0.001
Mtype [incomplete island] 0.00 0.00 0.00-0.00 —6.83 <0.001
Agrammatism 2537.18 4682.25 68.16-94450.58 4.25 <0.001
[Non-Agrammatism] x Mtype[ESM]
Agrammatism 8828.15 16292.08 237.14-328652.12 4.92 <0.001
[Non-Agrammatism] x Mtype[incomplete island]
Target Language [L2] x Mtype [ESM] 5941.50 12501.77 96.13-367236.75 4.13 <0.001
Target Language [L2] x Mtype [incomplete island] 36254.75 76285.41 586.56-2240887.77 4.99 <0.001
(Agrammatism 0.00 0.00 0.00-0.17 —2.63 0.009
[Non-Agrammatism] x
Target Language [L2]) x Mtype [ESM]
(Agrammatism 0.00 0.00 0.00-0.01 -3.85 <0.001
[Non-Agrammatism] x
Target Language [L2]) x Mtype [incomplete island]
Random Effects
o> 2.17
T00 Participant 0.00
ICC 0.00
N Participant 18
Observations 200
Marginal R?/Conditional R? 0.815/0.815

she produced one correct noun (e.g., ‘building’ in the utterance ‘al
building’ = [to the] building) and one correct verb.

4. Discussion

In this study we investigated LM in multilingual PWA with and
without agrammatism, who spoke typologically different languages
(English, Hebrew, Russian, and Spanish) which vary in the degree of
morphological richness. We examined whether morphological aspects of
within-utterance LM in PWA were similar to those reported for LM in
neurotypical multilingual people, adopting the 4M model as the foun-
dation for our analyses.

4.1. Frequency and type of language mixing in L1 and L2

Our first research question asked whether the frequency and types of
LM in L1 and L2 in multilingual PWA were similar or different to each
other. First, we looked at the frequency of LM overall (Fig. 1), to see
whether our data sample was comparable to others in the literature and
whether there were differences in the frequency of LM in the two lan-
guages. We found that on average 2 % of all words produced were mixed
when speaking an L1, compared to 7 % of words mixed when speaking
an L2; this difference was found to be statistically significant. These
results are comparable to those observed in other studies of PWA (e.g.,
Bihovsky et al., 2023; Goral et al., 2019; Lerman et al., 2019), although
they contradict Paplikar’s (2016) finding of more LM when speaking L1
than when speaking L2. However, Paplikar (2016) explained her
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Fig. 4. Distribution of LM type in each matrix language in participants with and without agrammatism.

findings based on the pragmatic norms of the population being inves-
tigated, a population that holds L2-English to high esteem and consider
it prestigious to mix English into L1-Kannada. Conversely, in our study,
order of acquisition and relative language abilities appear to drive fre-
quency patterns. Similar findings were reported in Bihovsky et al.
(2023), Goral et al. (2019), and Lerman et al. (2019), for samples that
contain additional data beyond the current sample. We note that even
though the overall group frequency was low, some participants showed
as much as 14 % LM in their narrative production in L1, and 63 % in L2.

When the LM distribution was examined for people with and without
agrammatism separately, the findings demonstrated a difference be-
tween LM frequency in L1 and L2 only for people with agrammatism.
This was contrary to our prediction, but could be accounted for, in part,
by the low overall frequency of LM in people without agrammatism in
our sample. Furthermore, by looking at the individual data of the 18
participants, we could further refine our understanding of LM frequency
patterns. Out of the five participants who reported better post-stroke L2
abilities relative to L1 (RH201, RH207, and SE02) or equal L1 and L2
abilities (RH210 and HE06) we observed that LM was clearly more
prevalent when speaking L1 than when speaking L2 for two of them
(RH201 and RH210 — notably, both with agrammatism). Furthermore,
for two more of these participants (SE02 and HEO06), a very small
amount of LM was observed in L1 only, in the absence of LM in L2. These
results are contrary to the pattern observed at the group level. Thus, we
suggest that relative post-morbid language abilities contribute to the
frequency of LM across languages, together with order of acquisition. It
is important to mention that although for some multilingual people the
language of the environment, often the L2, becomes more dominant over
time, for many PWA who have given up work before or after their stroke,
communication is more limited to the home context and thus L1 may
become more dominant again. While a level of analysis that includes
specific information about changes in L1 and L2 use in the years leading
up to the stroke and/or in the months/years since the stroke is beyond
the scope of this paper, it is important to consider these factors in future
studies because subtle changes in use and exposure can affect measures
of dominance (Lerman et al., 2020; Penaloza et al., 2020).

Next we examined the LM types within each language (Fig. 2). We
found that the patterns of LM in target and non-target languages were
similar across L1 and L2, when looking at the group data. However,

10

there were three participants who produced most of the LM within the
context of producing full utterances in the non-target language — all
three when the target language was L2 (EH03, EHO4 and RH204), all
participants with severe non-fluent aphasia with agrammatism. Taken
together, we conclude that pre-morbid proficiency — which is also
related to age/order of acquisition — as well as type and severity of
aphasia all impact post-morbid language abilities, and it is these abilities
that are underlying differential frequency patterns of LM. Our analyses,
therefore, support the hypothesis that LM is used by PWA when they
encounter communication difficulties (Goral et al., 2019; Lerman et al.,
2019).

4.2. Within-utterance language mixing patterns

Our second research question asked whether the 4M model accounts
for within-utterance LM patterns in multilingual PWA. We found that, as
predicted, the observed LM patterns did indeed follow the predictions of
the 4M model, with most LM occurring for content morphemes, and a
small percentage of LM occurring for ESM (Fig. 3). We did not observe
LM at all for either type of late system morphemes. Thus, our results are
similar to those of multilingual people without aphasia (Myers-Scotton &
Jake, 2017) and also support those of Paplikar (2016) who found that
LM occurred most commonly for content morphemes (in her sample, for
nouns).

We also found that, at the group level, within-utterance LM produced
in an L1 matrix occurred mainly for content morphemes (79 %, with
only 1 % ESM), whereas when produced in an L2 matrix both content
morphemes (70 %) and ESM (6 %) occurred. The differences between
these distributions between L1 and L2 were driven by the participants
with agrammatism. While the morpheme-type distribution in L1 and L2
was not found to be statistically significant for the non-agrammatic
PWA, the differences found for PWA with agrammatism are similar to
previous findings of studies on participants with varying types of
aphasia, such as Paplikar’s (2016) observation that more LM in bound
morphemes occurred when speaking L2-English than L1-Kannada, and
Bihovksy et al.’s (2023) finding that mostly content morphemes (nouns)
were mixed when speaking L1-Russian, whereas both content mor-
phemes (discourse markers) and system morphemes (function words)
were mixed when speaking L2-Hebrew. Here too, we note that
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Table 6
Generalized Linear Mixed Model (GLMM) results for the effect of matrix language, LM type and agrammatism.
pct
Predictors Estimates std. Error cI Statistic p
(Intercept) 0.00 0.00 0.00-0.01 —6.44 <0.001
MatrixLanguage [Hebrew] 22.12 23.39 2.78-175.75 2.93 0.003
MatrixLanguage [Russian] 3.79 4.23 0.43-33.79 1.20 0.232
MatrixLanguage [Spanish] 20.98 21.58 2.79-157.58 2.96 0.003
Mtype [content-m] 0.00 0.00 0.00-0.03 —5.22 <0.001
Mtype [ESM] 0.02 0.02 0.00-0.14 —3.75 <0.001
Mtype [complete island] 0.01 0.01 0.00-0.06 —4.61 <0.001
Mtype [incomplete island] 0.02 0.03 0.00-0.20 -3.37 0.001
Agrammatism [Agrammatism] 0.02 0.02 0.00-0.20 -3.25 0.001
(MatrixLanguage [Hebrew] 0.01 0.01 0.00-0.34 —2.52 0.012
x Mtype [content-m]) x Agrammatism [Agrammatism]
(MatrixLanguage [Russian] 0.00 0.00 0.00-0.14 —2.88 0.004
x Mtype [content-m]) x Agrammatism [Agrammatism]
(MatrixLanguage [Spanish] 0.02 0.03 0.00-0.65 —-2.18 0.029
x Mtype [content-m]) x Agrammatism [Agrammatism]
(MatrixLanguage [Russian] 0.00 0.00 0.00-0.00 —5.12 <0.001
x Mtype [ESM]) x Agrammatism [Agrammatism]
(MatrixLanguage [Russian] 0.00 0.00 0.00-0.00 —4.58 <0.001
x Mtype [incomplete
island]) x Agrammatism[Agrammatism]
(MatrixLanguage [Spanish] 0.01 0.02 0.00-0.48 —-2.36 0.018
x Mtype [incomplete
island]) x Agrammatism[Agrammatism]
Random Effects
o? 1.97
T00 Participant 7.65
1CC 0.80
N participant 18
Observations 720
Marginal R%/Conditional R 0.558/0.910

individual differences were observed in our findings, with only five out
of the 18 participants producing any LM for ESM (four in L2: SE07,
RH201, RH207 and HEO1 - all diagnosed with agrammatism, and one in
L1: RH213 - not diagnosed with agrammatism). Further research could
look at characteristics of PWA who produce a salient amount of LM for
ESM, particularly when L1 is the matrix language, to try to identify
features of their language background, use, and/or stroke and aphasia
that may be important in determining appropriate intervention strate-
gies for this less common type of LM.

Regarding islands, we observed that 22 % of LM instances were
either complete islands (16.5 %) or incomplete islands (5.5 %), with 43
% of all islands being comments about the narrative. The percentages
fall within the range of previously reported rates of islands and, as found
in previous studies, demonstrate cross-language variability (Jake et al.,
2002). Looking at the individual data, we observed variation across the
participants — seven out of 18 participants produced no islands at all in
one or both of their languages. We also observed that one participant in
particular was driving the incomplete-island data — EHO4, a participant
with agrammatism, and severe non-fluent aphasia in his L2, who had a
tendency to either give up in the middle of utterances (resulting in
incomplete islands) or just switch back to his L1 (resulting in many ut-
terances in the non-target language, see Fig. 2). Additionally, three other
participants (HEO1, SE02, and SE07) produced a relatively high number
of incomplete islands compared to the other participants, although they
had no salient similarities that might explain this finding. While these
results are certainly interesting, we need more data on neurotypical
multilingual people and more breakdown of islands (both complete and
incomplete) in order to understand the data for multilingual PWA. This
will be an important direction for future research.

4.3. Language-specific characteristics of within-utterance language mixing

Our third research question asked whether language-specific char-
acteristics affect within-utterance LM. Aligning with our prediction, we
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found an effect of language. More specifically, we found that in our
sample of PWA, the matrix language was driving the morpheme-related
type of LM that occurred, and not the embedded language, a finding
comparable to that in neurotypical multilingual people (Myers-Scotton
& Jake, 2000; 2009). We were able to identify this pattern because we
examined LM across different language pairs (Fig. 4). In English, the
language with the least morphological richness, we observed the most
within-utterance LM for ESM relative to the other languages, but no LM
for multimorphemic content words, whereas in the other, morphologi-
cally richer languages, we observed LM for multimorphemic content
words in 14 out of our 18 participants, consistent with our prediction
that multimorphemic content words will be more likely to be mixed in
these other languages than in English.

The language pairs in this study are incongruent on a number of
grammatical features (i.e., phi-features in English and Hebrew; word
order parameter in adjectival phrases, cf. English vs. Hebrew), and this
was reflected in our results for islands: differences between the rate of
complete islands were found between English vs. Spanish, English vs.
Hebrew, Hebrew vs. Russian, and Hebrew vs. Spanish. Notably, only 3 %
of LM was within complete islands when English was the matrix lan-
guage. Similarly, differences were found between incomplete islands in
English vs. Hebrew and in Hebrew vs. Russian. Thus, our findings sup-
port the hypothesis that differences across languages may be related to
the morphological richness of the matrix language and congruency of
the languages involved in LM (Alexiadou & Lohndal, 2018; Jake et al.,
2002; Myers-Scotton, 1993; Paplikar, 2016). For example, we predicted
that the morphological structure of English would allow for mixing of
single words into the matrix language more easily than for other lan-
guages, and thus this may be the reason that embedding entire islands
was observed to be less common in English than in the other languages.

Regarding agrammatism, differences between LM frequency in L1 vs
in L2 and the distributions of morpheme types appeared to be driven by
the PWA with agrammatism, because they were not observed for the
PWA without agrammatism. Furthermore, we observed that content-s
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nouns and verbs embedded into utterances were always morpho-
syntactically accurate in context, in PWA without agrammatism. For
PWA with agrammatism, all content-s nouns produced were morpho-
syntactically correct across all languages. For content-s verbs, PWA with
agrammatism produced verbs in a Russian, Hebrew, or English matrix
only. For Russian and English, all were morphosyntactically correct in
context, whereas for Hebrew all five were either zero marked verbs or an
infinitive form — with three out of five morphosyntactically incorrect in
context. Thus, we conclude from our data that, as expected (e.g., Faroqi-
Shah, 2023), PWA with agrammatism demonstrated partial difficulty
producing verbs correctly when they were mixed into another language.
PWA without agrammatism did not produce any incorrect nouns or
verbs in context. Future studies could compare error analyses of nouns
and verbs in PWA with agrammatism in both the target language and the
non-target language, to provide a more comprehensive understanding of
what is driving these effects.

4.4. Limitations, future directions, and clinical implications

This study applied the 4M model for the first time to LM patterns of
multilingual PWA, providing considerable contribution to the field.
However, several limitations should be acknowledged, particularly the
small participant pool from each lab, relative to the large variability
across aphasia severity, type, and language backgrounds. We also note
that the average frequency of LM in our sample was not high (e.g., 2 %
and 7 % for L1 and L2 respectively, compared to 28 % and 8 % in
Paplikar, 2016), although we did observe variability across participants.
Previous studies have reported higher frequency of mixing among PWA
compared to neurologically healthy people (Munoz et al., 1999; Papli-
kar, 2016), but they too observed variability among their participants.
We did not directly compare our data to a sample of people without
aphasia.

Furthermore, due to the retrospective nature of this study, partici-
pants were asked to produce narratives under slightly different condi-
tions across the three labs, and language background information was
not collected from all participants in the same manner. Our data also did
not differentiate the potential effects of immigration and language im-
mersion on the observed patterns of LM. However, in spite of these
differences across participants, our results showed some clear patterns
across L1 and L2, when taking into account language dominance as well,
and across different language pairs, generally replicating published
findings for both PWA and neurotypical adults to date.

Future studies could further examine patterns of LM in PWA in
general as well as their implications for assessment and intervention.
Our findings suggest that LM in PWA is typical, rather than pathological.
This perspective of LM in PWA is consistent with the view that PWA
could be encouraged to use their full linguistic repertoire to maximize
their communication potential (Goral et al., 2024). The typicality of
using one’s complete linguistic repertoire is a key component of trans-
languaging (e.g., Khamis & Bortz, 2023). A translanguaging approach to
assessment emphasizes the utility of acknowledging the complete lin-
guistic repertoire of multilingual people over the arbitrary nature of
externally tagging linguistic elements by language (Li Wei & Garcia,
2022). Whereas there is still much debate regarding the concept of
translanguaging both in pedagogical contexts and applied linguistics,
with the concept effectively referring to a vast number of different
scenarios of language processing and use (Treffers-Daller, 2024), abol-
ishing the necessity for defining a single target language during assess-
ment and intervention in aphasia is a promising avenue for future
clinical practices.

Patterns of LM are naturally affected by linguistic and cultural norms
within communities of speakers and such factors should be considered.
That is, LM observed by PWA may reflect cultural and linguistic norms
within their community but could also deviate from such norms
(MacSwan, 2022; Paplikar, 2016). Furthermore, LM that contravenes
the rules of the 4M, such as a patient who mixes more system
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morphemes than content morphemes, particularly late system mor-
phemes relative to early system morphemes (not observed in our data
set), could be considered atypical LM. In these cases, clinicians should
consider whether intervention to reduce LM is warranted. Further
research on LM in PWA who speak varying languages, and particularly
in any participants with (less-common) atypical LM patterns e.g.,
(Bihovsky, Holzapfel, Bondi, Ben-Shachar, & Meir, 2025), should be
encouraged in order to move the field forwards and provide focused
evidence to support clinical practice.

5. Conclusion

Our study showed that PWA produced narratives mostly in the target
language, with a clear matrix language in the event of mixing, in most
cases. As a rule, PWA mixed their languages in a typical manner, a
finding which is strengthened by the uniqueness of our study looking
across several language pairs with varying morphological richness. This
typicality was observed for LM distribution across L1 and L2, taking
language dominance into account, as well as specific analyses of
morpheme mixing based on the 4M model. These findings have clinical
significance, such that in most cases, LM can be considered typical
(although perhaps more frequent in some PWA than in neurotypical
multilingual people). Thus, if and when LM occurs in the aphasia clinic,
it should generally be encouraged as a communication aid, rather than
discouraged. Future studies further examining patterns of LM in multi-
lingual PWA will help determine typical and atypical multiple language
use.
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