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A B S T R A C T   

Studies on the efficacy of language treatment for multilingual people with post-stroke aphasia and its general
ization to untreated languages have produced mixed results. We conducted a systematic review and a meta- 
analysis to examine within- and cross-language treatment effects and the variables that affect them. We 
searched PubMed, PsycINFO, CINAHL, and Google Scholar (February 2020; January 2023), identifying 40 
studies reporting on 1573 effect sizes from 85 individuals. We synthesized effect sizes for treatment outcomes 
using a multi-level model to correct for multiple observations from the same individuals. The results showed 
significant treatment effects, with robust within-language treatment effects and weaker cross-language treatment 
effects. Age of language acquisition of the treatment language predicted within-language and cross-language 
effects. Our results suggest that treating multilingual people with aphasia in one language may generalize to 
their other languages, especially following treatment in an early-acquired language and a later-learned language 
that became the language of immersion.   

1. Introduction 

A question that has long preoccupied the research and clinical 
aphasia community is whether administering language intervention in 
one language of multilingual1 people with aphasia leads to benefits in 
both the treated and untreated languages. Early as well as more recent 
research studies have yielded mixed results, leading scholars to formu
late refined versions of this question, such as under what circumstances 
cross-language generalization is found and which variables influence it 
(e.g., Ansaldo & Ghazi Saidi, 2014; Faroqi-Shah et al., 2010; Kiran et al., 
2013; Paradis, 2004). The majority of studies published on this topic 
present data from single individuals or from small groups of partici
pants, as is typical of intervention studies of the heterogeneous popu
lation in question, which adds to the challenge of drawing clear 
conclusions from a mixed set of data. The purpose of the current sys
tematic review and meta-analysis was to pull together data published to 

date concerning the question of within- and between-language treat
ment effects in multilingual people with post-stroke aphasia, with the 
aim of determining whether intervention is beneficial in all languages 
and what variables contribute to its efficacy. 

Aphasia is an acquired language disorder resulting from insult to the 
brain. People who acquire aphasia experience varying degrees of diffi
culty producing and comprehending spoken and written language; dif
ficulty which affects their communication, social engagement, and 
quality of life (e.g., Hallowell & Chapey, 2008; Papathanasiou et al., 
2021). Aphasia severity refers to the degree of impairment, with diffi
culties ranging on a continuum from mild aphasia, characterized by 
relatively minimal deficits, to severe aphasia, referring to substantial 
difficulty expressing oneself and understanding others (e.g., Papatha
nasiou & Coppens, 2021). In monolingual people, any difficulties 
measured following the aphasia onset are assumed to be the result of the 
acquired lesion. People who know multiple languages and sustain brain 
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1 In this paper we use the adjective multilingual to refer to people who use more than one language. 
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lesion resulting in aphasia typically experience language impairments in 
all their languages. Variation in the degree of impairment and of re
covery over time in the languages of multilingual people with aphasia 
has been noted in the literature (e.g., Albert & Obler, 1978; Kuzmina 
et al., 2019; Paradis, 1983; 2004). The variation in abilities can be the 
result of the acquired impairment, but could also reflect less than 
complete mastery of skills prior to the aphasia onset (e.g., Kiran & Gray, 
2018; Lerman et al., 2020). 

To account for the variability in abilities across the languages of 
multilingual people with aphasia, a number of theories have been put 
forward, including the early hypotheses of Ribot (1881) and Pitres 
(1895) that the first-acquired language (L1) or the most-used language, 
respectively, will be better spared in aphasia. Paradis (1983; 1993; 
2004) further distinguished patterns of parallel and non-parallel 
impairment and recovery and argued for their relation to linguistic 
and meta-linguistic representations of earlier- and later-learned lan
guages. In recent years, theories of language control, including activa
tion and inhibition processes, have been formulated to account for 
recovery patterns in multilingual people with aphasia, both independent 
of and in relation to language intervention (e.g., Goral & Lerman, 2020; 
Green, 1998; Kiran et al., 2013; Paradis, 2004). 

People with stroke-induced aphasia typically improve their language 
abilities with time (especially in the first weeks and months post onset) 
and with intervention (e.g., Cherney & Robey, 2008; Raymer et al., 
2008), although many remain impaired and do not recover their abilities 
to their pre-onset levels. This is true for the one language of monolingual 
people with aphasia and for the multiple languages of multilingual 
people with aphasia. Language intervention in aphasia has been shown 
to be effective in improving performance, although not eliminating the 
acquired language deficits (e.g., Brady et al., 2016). Intervention often 
targets underlying linguistic processes that may account for the 
observed impairment, or can target specific impaired language abilities, 
structures, or items. 

A central problem that has concerned clinical researchers is that of 
treatment generalization (e.g., Best et al., 2013; Thompson, 1989; 
Webster et al., 2015). For language intervention to be most effective, not 
only the components or items targeted during the intervention should be 
better accessible to the person with aphasia following treatment, but 
ideally, improvement will generalize to untreated language components 
and contexts. These include untargeted aspects of the language being 
treated (e.g., Best et al., 2013; Quique et al., 2019), as well as the lan
guage not targeted directly during therapy (e.g., Lerman et al., 2022). 
That is, for intervention with multilingual people with aphasia, gener
alization would ideally be observed not only within the treated language 
but also from the treated language to comparable aspects in the non- 
treated language(s). Here, researchers have distinguished between 
generalization to the direct equivalents of the treated items (e.g., 
cognate words – translation equivalents that share form in addition to 
meaning – in naming therapy, Edmonds & Kiran, 2006; Kohnert, 2004) 
and more general improvements in the non-treated language (e.g., 
Conner et al., 2018; Goral & Lerman, 2020). 

Several review papers have addressed the question of the degree to 
which cross-language generalization is achieved following therapy in 
multilingual people with aphasia. Kohnert (2009) conducted a system
atic review which yielded 12 studies (10 case studies and two group 
studies). Kohnert divided her discussion of the results into results of the 
early publication (1900s) and of the later ones (2000s) and demon
strated that the earlier studies found cross-language generalization more 
consistently than did the later studies. There was variability in the 
strength and direction of the cross-language generalization reported 
across all studies; virtually all studies found within-language general
ization. Kohnert implicated several variables as possibly contributing to 
the mixed pattern of results, including aphasia-related, such as aphasia 
type and severity, language-related, such as the target linguistic mo
dality and linguistic distance between the languages, and 
multilingualism-related, such as language use and order of language 

acquisition. 
Faroqi-Shah, Frymark, Mullen, and Wang (2010) published a sys

tematic review of evidence available to answer several questions, two 
most relevant here: whether treatment is effective when administered in 
the person’s non-L1, and whether treatment administered in one lan
guage affects also the person’s other language(s). In their review, Faroqi- 
Shah et al. (2010) included 14 studies with data from 45 participants 
(one group study of 30 participants, one study with three participants, 
one study with two participants, and the remaining studies reporting on 
a single participant). Their results demonstrated that all five studies with 
intervention in the non-L1 reported treatment benefits. Regarding the 
question of cross-language generalization, results were mixed, with half 
the studies included in the review reporting cross-language benefits 
from intervention in L2 on the untreated L1 (3 of 5 from L2 to L1 for 
receptive language abilities, and 5 of 11 from L2 to L1 for expressive 
skills). In the other direction, from L1 to non-L1, there were two studies 
that measured receptive skills, including the one group study, and both 
showed generalization, plus all four studies reporting on expressive 
abilities reported positive cross-language generalization in that 
direction. 

Faroqi-Shah and colleagues discussed these results in the context of 
several participant- and language-related factors that contributed to the 
variability in the results. They concluded that neither age of L2 acqui
sition nor language typology seem to account for the results. A similar 
conclusion can be found in another review article pertaining to cross- 
language effects in language intervention in multilingual people with 
aphasia, published a few years after the Faroqi-Shah et al. paper 
(Ansaldo & Ghazi Saidi, 2014). Ansaldo and Ghazi Saidi (2014) 
reviewed 15 articles and focused on the question of cross-language 
generalization. Their findings are consistent with previous results, 
demonstrating the potential benefits of treatment in one language on the 
untreated language. In their review, Ansaldo and Ghazi Saidi (2014) 
focused on the role of critical variables in contributing to cross-language 
generalization, including the type of language intervention and its re
lations to the outcomes measured. Even though Ansaldo and Ghazi Saidi 
(2014) concurred with Faroqi-Shah et al. (2010) that there is little evi
dence supporting the role of language distance (Faroqi-Shah et al. 
considered language distance as determined by whether the languages 
belonged to the same language family or not; Ansaldo & Ghazi Saidi 
discussed structural similarities among languages), they did note an 
effect of item similarity. Specifically, Ansaldo and Ghazi Saidi (2014) 
demonstrated that studies that compared effects for cognates versus 
non-cognates showed greater cross-language generalization for cog
nates. Their review also concurs with Faroqi-Shah et al.’s in concluding 
that evidence to date is insufficient to determine the role of language 
abilities – pre- and post- the aphasia onset – in facilitating cross- 
language generalization. 

Whether benefits from intervention are related to the relative abili
ties in the two or more languages of multilingual people with aphasia 
has been a matter of debate (e.g., Conner et al., 2018; Goral & Lerman, 
2020; Knoph et al., 2015). Researchers have proposed that the spreading 
activation from a language that was learned after the L1 or from a lan
guage of lower proficiency is more likely to occur to the stronger L1, 
consistent with the Revised Hierarchical Model of bilingual lexical 
representation (Kroll & Stewart, 1994; Kroll et al., 2010). In contrast, the 
need to inhibit a stronger language while activating a language of lower 
proficiency has been proposed to predict lack of cross-language gener
alization from a non-L1 to an L1 (e.g., Lerman et al., 2022). Additional 
variables that have been shown to affect treatment efficacy in aphasia, 
with some mixed results, include aphasia severity (e.g., Kurland et al., 
2018; Menahemi-Falkov et al., 2021; Plowman et al., 2011; Quique 
et al., 2019), and intervention-related variables, such as the target of the 
intervention and the outcome measures used, have also been examined 
in the efficacy literature (e.g., Menahemi-Falkov et al., 2021). 

Almost twenty years later and in light of the newly accumulated 
intervention studies with multilingual people with aphasia, we took on 
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conducting a new systematic review, this time combined with a meta- 
analysis. To our knowledge, this is the first meta-analysis performed 
on studies that report on treatment effects in multilingual people with 
aphasia. Unlike previous reviews, the present meta-analysis approach 
allowed us to quantify the magnitude of treatment effects. To use all 
available data (i.e., several different measurements taken from a single 
participant) we accounted for the dependency between observations. 
We also investigated, and corrected for, publication or reporting bias. 
Our goal was to examine results from intervention studies to answer the 
following research questions. 

I. Is language treatment with multilingual people with aphasia 
beneficial?  

a) Is treatment effective for the treated language?  
b) Do treatment effects generalize to the untreated language(s)? 

We hypothesized that performance will be higher post-treatment 
compared to pre-treatment in the treated language and also, albeit to 
a lesser extent, in the untreated language. 

II. What treatment-, multilingualism-, and aphasia-related variables 
affect treatment efficacy?  

a) Do the targeted treatment levels affect treatment efficacy? Does 
treatment generalize across language levels? Does treatment gener
alize across items?  

b) Is treatment efficacy different in L1 vs. a later learned language? Is 
treatment efficacy dependent on participants’ age of acquisition of 
the treatment language? Is treatment efficacy dependent on language 
proficiency of the treatment language or the relative proficiency of 
the treated and tested languages? 

c) Is cross-language treatment generalization related to language dis
tance of the treated and tested languages?  

d) Is treatment efficacy related to aphasia severity? 

On the basis of previous findings we hypothesized that a) treatment 
will be more effective for trained than for untrained items and will 
generalize best to tasks at the same level that was targeted during 
treatment; b) treatment in an L1 or a language that was acquired early 
will be more effective than treatment in a later-learned language and, 
possibly, that treatment in a proficient language will be more efficacious 
than treatment in a language of low proficiency; c) cross-language 
generalization will occur regardless of language distance; and d) treat
ment efficacy may be dependent of aphasia severity. 

2. Method 

2.1. Literature search 

We searched the electronic databases PubMed, PsycINFO, CINAHL, 
and Google Scholar in February 2020. The search included terms 
referring to stroke-induced aphasia, bilingualism or multilingualism, 
and treatment. For the specific search terms, see Table 1. Before the full 
search, we tested the sensitivity of the search terms by selecting 10 
known papers that fulfilled our inclusion criteria. As those were all 
found in the search, we deemed that the search was sensitive enough. A 
second search was conducted in May 2020 without any new hits, and a 
third, updated search in January 2023 (limiting the search for studies 
published between 5/2020 and 12/2023). All search hits were screened 
for their title and abstract, and if potential relevance could not be 
evaluated based on them, the full-text of the article was referred to. For 
an overview of the whole screening process, see Fig. 1. 

2.2. Inclusion and exclusion criteria 

We included studies that reported data on treatment of stroke- 
induced aphasia in bilingual or multilingual adults. We thus excluded 

data from participants whose language difficulties were caused by some 
other origin, such as a tumor or a neurodegenerative disorder. We also 
excluded data on children or adolescents (participants with age lower 
than 18 years at the time of the stroke) and participants who spoke two 
dialects rather than languages. We excluded papers that had only 
studied spontaneous recovery or used treatments not focusing on lan
guage, such as interventions focusing solely on brain stimulation or 
cognitive training. We only included peer-reviewed journal articles and 
those written in the English language. 

In order for a study to be included, it had to report performance 
measures from more than one language of the participant, to allow for 
language generalization effects to be investigated. We included all lin
guistic measures reported in the papers, but we excluded an overall 
score of a test where individual subscores were reported separately. 
Articles without an available full-text (Charlton, 1964) and participants 
for which no numerical results had been individually reported (e.g., 
Fredman, 1975; Junqué et al., 1989) were excluded. We only included 
studies that provided exact values for the measures; we did not extract 
values from figures. For studies that fulfilled our inclusion criteria but 
reported no usable data in numerical form, we contacted the authors to 
obtain more data. We restricted these author inquiries to articles pub
lished 20 years ago or later. We got a response about three of the seven 
studies we inquired about. The final dataset included 89 participants 
from 40 studies (note also that there were four participants who had 
participated in two separate studies, amounting to 85 individuals). See 
Supplementary Table 1. 

2.3. Data coding 

In the following, we describe the extraction and coding of data from 
the original articles. See also Supplementary Table 2. We also report 
procedures for interrater reliability. 

2.3.1. Study features, basic demographic, and aphasia characteristics 
We coded the following study characteristics: list of authors, year 

and title of publication, and participant code used in the study. We also 
screened if the same participants had been studied in different articles: 
In the final dataset, there were four such participants; they were counted 
as four, not eight, participants. 

We extracted participants’ type of aphasia as described in the article, 
lesion site, and hemisphere. Aphasia severity was determined based on 
the authors’ statements and was coded as an ordinal variable (1 = mild; 
2 = mild-to-moderate; 3 = moderate; 4 = moderate-to-severe; 5 = se
vere). When different severity levels were reported for the two (or more) 
languages of the participants, we used the severity for the less impaired 
language. For descriptive purposes, we also extracted participants’ age, 
gender, and education level (1 = lower than high school or upper sec
ondary education, or less than 12 years; 2 = high school or upper sec
ondary education, or 12 years; 3 = university or college education, or 
more than 12 years). 

Table 1 
Search strings used in the literature search.  

Database Search String 

PubMed (aphasi* OR anomia OR stroke* OR vascular OR hemorrhage) AND 
(multiling* OR biling* OR triling* OR quadriling* OR polyglot) AND 
(recover* OR treat* OR intervention OR rehabilitation OR therap*) 

PsycINFO (aphasi* OR anomia OR stroke* OR vascular OR hemorrhage) AND 
(multiling* OR biling* OR triling* OR quadriling* OR polyglot) AND 
(recover* OR treat* OR intervention OR rehabilitation OR therap*) 

CINAHL (aphasi* OR anomia OR stroke* OR vascular OR hemorrhage) AND 
(multiling* OR biling* OR triling* OR quadriling* OR polyglot) AND 
(recover* OR treat* OR intervention OR rehabilitation OR therap*) 

Google 
Scholar 

aphasia OR aphasic OR anomia OR stroke OR vascular OR 
hemorrhage AND multilingual OR bilingual OR trilingual OR 
quadrilingual OR polyglot AND recovery OR treatment OR 
intervention OR rehabilitation OR therapy OR therapeutic  
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2.3.2. Language background 
We extracted information about all the languages of the participants, 

their acquisition order, age of acquisition, proficiency, and reported use 
of each language, as described in the articles. Then, we re-coded age of 
acquisition of each language into four categories (1 = first language(s); 
2 = early childhood (under 6 years); 3 = childhood or late childhood 
(7–18 years); 4 = adulthood (over 18 years)) and proficiency into three 
categories (1 = low; 2 = medium; 3 = high). Proficiency designation, 
referring to pre-stroke reported proficiency, was based on the wording 
reported in the papers: for example, low, very low were coded as 1; 

medium, mid, good were coded as 2; high, very good were coded as 3. To 
investigate whether the proficiency difference between the languages 
affects treatment gains, we also coded the proficiency relationship be
tween the treated and tested language (“tr_higher”, when proficiency in 
the treatment language was higher than that of the test language; 
“tr_lower”, when treatment language proficiency was lower than that of 
the test language; and “same” when they both belonged to the same 
proficiency category). 

Due to the substantial variation in how language use of the partici
pants was reported in the original articles, this variable could not be 

Fig. 1. Flowchart of the screening process.  
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reliably categorized for analysis. Finally, to enable studying whether 
language distance is related to cross-language treatment effects, we 
coded the participants’ languages according to whether they belonged 
to the same language family and how close they were within a language 
family (e.g., English is an Indo-European language), that is, how many 
divisions (e.g., Indo-European, Germanic, Northwest Germanic, West 
Germanic, North Sea Germanic Anglo-Frisian, Anglic, Later Anglic, 
Middle Modern English, Macro-English, English) (Hammarström et al., 
2022) within a family they share (0–9; 0 = no shared language divisions; 
9 = nine shared language divisions). English and Mandarin, for instance, 
belong to different language families (Indo-European and Sino-Tibetan, 
respectively), so they were coded as having 0 shared divisions, whereas 
German and Norwegian belong to the same language family (Indo-Eu
ropean), and also share three subdivisions (Indo-European, Germanic, 
Northwest Germanic), so they were coded as 3. 

2.3.3. Treatment and task characteristics 
We coded the language(s) of the treatment and the task, as well as 

whether the treatment language was (one of) the participants’ first 
language(s) or a later acquired one (L1 vs. Ln). We also extracted in
formation about the type of treatment as described in the article. There 
was variability in the interventions used across studies and in the tasks 
reported for the different interventions. We categorized the treatment 
type based on the language level they are targeting (i.e., words, sen
tences, words and sentences, or sentences and discourse). We also coded 
the tested task domain (production, comprehension, or repetition) and 
the level of language that it focuses on (subword, word, discourse, or 
sentence, a combination of these, or an overall score). Then, for each 
observation, we coded whether the task targets the same language level 
as the one treatment had targeted, or a different one (“within” or 
“across” levels). Furthermore, for cases where the task measured cross- 
level generalization (i.e., “across” levels) we coded whether the task is 
reflecting a higher level than the treatment (e.g., a sentence-level task 
for a word-level treatment) or a lower level (e.g., a word-level task for a 
sentence-level treatment). Here the data allowed four categories: “one 
step higher” (e.g., from word-level treatment to sentence-level task or 
from sentence to discourse) or “one step lower” (e.g., from discourse to 
sentence or sentence to word), “two steps higher” (from word to 
discourse level) and “two steps lower” (from discourse to word level). 

To study the difference between trained vs. untrained items, obser
vations that were testing the same items as those used in treatment were 
coded as “trained”, and the other observations (that reported using 
different items or for which this was not explicitly stated) were coded as 
“untrained”. For cross-language data, the translation equivalents of the 
trained items, although not themselves trained, were also coded as 
“trained” when targeting an item and testing its translation equivalent 
was explicitly reported by the papers’ authors. 

Information about frequency and dosage of the intervention was 
inconsistently reported and we did not include it in our analyses. 

2.3.4. Measures 
For calculation of effect sizes, we extracted the pre- and post- 

treatment scores of each task, the maximum score of that task, as well 
as the number of items used in the task. We also coded these data for 
follow-up measurements when available. All measures reported by the 
author(s) of each included paper were used; for example, if the study 
included values for pre- and post-treatment testing for an authors’ 
experimental task as well as standardized tests, all were included in the 
analyses. 

2.3.5. Interrater reliability 
The data of the first search were coded by one coder. Ten randomly 

selected studies were subjected to calculation of interrater reliability for 
the variables used in the analyses. These studies were coded indepen
dently by two additional coders, and Cohen’s Kappa was calculated 
between the original coding and these coders. For variables that did not 

reach the preset Cohen’s Kappa value of 0.80, two of the authors 
reviewed all the cells together (and re-coded them when needed), 
reaching agreement in all of them. For the studies added after the latest 
search, one author coded the data and a second author reviewed all the 
data entered; any inconsistencies were resolved. 

2.4. Statistical analyses 

For statistical analyses, we used the package metafor (Viechtbauer, 
2010) for R (version 4.0.3. for Mac; R Core Team, 2017). The R script 
with the reported analyses, the generated output files, and the data file 
are available at the project’s Open Science Framework domain (htt 
ps://osf.io/jrh89/). 

2.4.1. Calculating effect sizes 
Similarly to, for example, Kuzmina et al. (2019), we first calculated 

the number of correct and incorrect responses in the administered task 
as a measurement of the relative risk (RR) before and after the inter
vention. The RR describes the ratio of a probability of an outcome after 
treatment and the probability of an outcome before treatment. Here, the 
outcome of interest was the probability of a correct response in the 
administered task. The probability of a correct response was calculated 
as the correct responses/total responses. In some instances, outcomes 
were reported as a percentage and without providing the number of 
administered items. In these cases, we replaced the total number of 
items with the median from other tests and used this value to also es
timate the absolute number of correct responses based on the reported 
percentage of correct responses. Before proceeding, we examined and 
removed rows where the participant’s pretest performance was perfect 
and there was no room to measure improvement. Any row for which 
there was insufficient information to calculate effect size was excluded. 
After this, we used the PBIT-argument to estimate the standardized 
mean difference (SMD) and its standard error. The PBIT-argument cal
culates the probit transformed risk difference, assuming that the re
sponses are normally distributed on the underlying quantitative scale. 
The PBIT-argument thus produces a Hedge’s g, which is a close equiv
alent of Cohen’s d, but is less biased when samples are small, and thus 
sometimes considered a corrected effect size (e.g., Borenstein et al., 
2011). We used the vtype argument “UB” to obtain unbiased estimates of 
the sampling variance (Viechtbaue, 2010). In our case, data were coded 
such that higher positive values describe larger improvement (i.e., better 
performance after the intervention compared to before the 
intervention). 

2.4.2. Pooling effect sizes within comparisons 
In 16 instances, we pooled effect sizes across highly similar outcome 

measures, assumed to interchangeably reflect the same processes (such 
as subtests Antonyms I and Antonyms II in the Bilingual Aphasia Test 
(BAT; Paradis & Libben, 1987). To pool effect sizes, we replaced the 
rows for these values with the average effect size and the average 
variance. 

2.4.3. Trimming 
As some scores in the pretest measures were perfect, we removed 

such rows as there was no possibility for improvement in the posttest or 
follow-up measures. 

2.4.4. Multilevel model 
As our data could include several observations from the same indi

vidual, or from several individuals from the same study (or both), effect 
sizes could not be considered independent. Dependent effect sizes are 
less informative than independent effect sizes. When effect sizes are 
correlated (that is, an improvement on one task in a particular indi
vidual is expected to correlate with an improvement on another task 
affected by the same language function), information obtained from one 
effect size overlaps with information obtained from the other effect size. 
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If this dependency is not taken into consideration, the amount of in
formation is overestimated, and confidence intervals are under
estimated, which results in an inflation of the risk of Type-I errors (e.g., 
Becker, 2000). To consider the dependency between effect sizes, we 
used a multilevel meta-analysis (e.g., Van den Noortgate et al., 2013). 
We considered the two following dependencies: 1) effect sizes drawn 
from one particular individual were assumed more similar than effect 
sizes drawn from another individual, and 2) effect sizes drawn from 
individuals within the same study (i.e., subject to similar study condi
tions) were assumed more similar than effect sizes drawn from in
dividuals in different studies. 

We compared the model fit indices of the plain (assuming all effect 
sizes could be treated as independent) and the two different multilevel 
models using a likelihood-ratio test. To do this, we used the anova.rma 
function in metafor(Viechtbauer, 2010). As our two-level model 
(modeling dependence within individuals) had significantly better 
model fit than our plain model, and our three-level model (modeling 
dependence within individuals and within studies) had better model fit 
than the two-level model, we continued our analyses with the three- 
level model (Table 2). 

2.4.5. Assessment of bias 
To assess and account for asymmetry in the distribution of outcomes, 

we conducted a close equivalent to a PET-PEESE analysis based on our 
three-level model. To do this, we added the standard error (SE) or 
variance (SE2) for each outcome as a continuous predictor in the main 
analyses. In the precision-effect test (PET) and the precision-effect test 
with standard error (PEESE), outcomes are regressed on their SE/SE2 in 
a weighted least-squares regression. If the association between SE and 
the size and direction of the outcomes is statistically significant in the 
PEESE test, this indicates a bias where studies of low precision system
atically over- or underestimate effects. However, modeling studies 
suggest that the intercept (β0) in the PEESE models tends to overcorrect 
the true effect, and that replacing the SE with the SE/SE2 provides a 
better estimate of an effect for a hypothetical study with perfect statis
tical power. 

We found a statistically significant association between the SE and 
the outcomes, Q[1] = 143.60, p < 0.001, such that outcomes with higher 
SE were associated with larger effects. Similarly, replacing the SE with 
the SE2, the association was statistically significant, Q[1] = 137.61, p <
0.001 (see Fig. 2). To improve the reliability of corrected estimates, PET- 
PEESE analyses were conducted only for analyses without moderators 
and with k > 45. 

3. Results 

3.1. Descriptive results 

The final data file included 1,573 effect sizes from 85 individuals2 

and 40 studies. Of these effect sizes, 672 represented within-language 
effects, 701 cross-language effects, and 200 both, when there was only 
one treatment language. One hundred and sixteen effect sizes repre
sented measurements with more than one treatment language. The 
number of effect sizes per participant ranged from 3 to 104. As the 
number of effect sizes varied considerably across participants, we report 
the number of participants (n) together with the number of effect sizes 
(k) in the subsequent analyses. The synthesized treatment outcomes for 
each study (i.e., the aggregated effect size across measures and partici
pants) are presented in Fig. 3. For descriptive information about the 
participant- and task-related characteristics of the studies, as well as the 
results, see Tables S1 and S2. 

3.2. Overall effects 

We first estimated the overall effect size across all participants and 
all included measurements that had included one treatment language. 
We found a small to medium effect, g = 0.38 [0.29, 0.47], p < 0.001, k =
1573, n = 85, such that the participants performed better after the 
intervention than before. The test for heterogeneity was significant, Q 
[1572] = 3069.93, p < 0.001. After correcting for the asymmetry in the 
distribution of effect sizes using a PET-PEESE method, the estimated 
overall effect size was somewhat lower, g = 0.23 [0.14, 0.32], p < 0.001 
(see Fig. 4). 

3.2.1. Follow-up 
To check maintenance of treatment effects, we also investigated the 

overall effect size for follow-up measures of the effect in the studies that 
had measured treatment outcomes also at a later stage. Because only a 
portion of the studies reported follow-up data, we examined those data 
irrespective of the time elapsed between the end of the intervention and 
the follow-up data collected. We found a small-to-medium positive 
outcome, g = 0.42 [0.26, 0.59], p < 0.001, k = 131, n = 13, Q[130] =
220.48, p < 0.001. The PET-PEESE correction led to a slightly lower 
estimate, g = 0.33 [0.15, 0.50], p < 0.001. 

3.3. Within-language effects 

After this, we limited the data to include pretests and posttests 
conducted in the same language as the treatment was performed in (see 
Fig. 4). We found a medium effect size, g = 0.53 [0.40, 0.66], p < 0.001, 
k = 672, n = 82, Q[671] = 1540.17, p < 0.001. Again, the PET-PEESE 
corrected effect was slightly lower, g = 0.36 [0.24, 0.48], p < 0.001. 
The control analysis produced similar estimates, g = 0.59 [0.44, 0.74], p 
< 0.001, k = 467, n = 78, Q[466] = 1151.68, p < 0.001, and the PET- 
PEESE corrected effect size, g = 0.39 [0.26, 0.53], p < 0.001.3 

3.3.1. Follow-up 
For follow-up measures, the synthesized within-language treatment 

outcome was large, g = 0.70 [0.42, 0.99], p < 0.001, k = 58, n = 12, Q 
[57] = 97.97, p < 0.001. The PEESE-corrected effect size was slightly 
smaller, g = 0.63 [0.26, 1.00], p < 0.001. 

3.3.2. Domain 
We then tested whether treatment outcomes were different based on 

language domain (production, comprehension, repetition) for pretest 
and posttest comparisons within the same language. We found a statis
tically significant difference, Q[2] = 28.51, p < 0.001, k = 619, n = 79. 
The treatment outcome was highest for production, g = 0.62 [0.48, 
0.76], p < 0.001, k = 412, n = 79, somewhat lower for comprehension, g 
= 0.41 [0.26, 0.56], p < 0.001, k = 187, n = 41, and lowest for repetition 
(but note the lower n for repetition), g = 0.35 [0.10, 0.59], p = 0.006, k 
= 20, n = 14. 

3.3.3. Treatment level 
Following this, we conducted a moderation test to test whether the 

outcome differed depending on whether the linguistic level the treat
ment focused on (words, sentences, or discourse) was the same as (or 
different from) the level that the test measured. We found a statistically 
significant difference, Q[1] = 21.32, p < 0.001, k = 670, n = 81. The 
effects were larger within, g = 0.61 [0.47, 0.76], p < 0.001, k = 477, n =
72, than across levels, g = 0.41 [0.27, 0.56], p < 0.001, k = 193, n = 46. 

2 Note that the data file included 89 coded participants as four of them 
participated in two separate studies. In the reporting of n we, however, refer to 
the subset calculated from the 85 individuals. 

3 As some studies combined blocks of treatment in different languages or 
types, we checked whether the results are similar when only including the first 
treatment block. This control analysis produced similar estimates to those of the 
main analysis. 
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3.3.3.1. Within specific level. We continued with a more specific anal
ysis of differences in outcomes when the linguistic level of treatment was 
the same as the level the test measured (word or sentence; there were no 
observations with discourse). We found no statistically significant dif
ferences between these levels, Q[1] = 0.26, p = 0.609, k = 429, n = 71. 
There was a medium effect at the level of word, g = 0.52 [0.35, 0.69], p 
< 0.001, k = 344, n = 58, and at the level of sentence, g = 0.60 [0.36, 
0.83], p < 0.001, k = 85, n = 15 (but note the lower n for sentence level). 

3.3.3.2. Between specific levels. After this, we limited analyses to situa
tions in which the linguistic level the treatment focused on (words, 
sentences, or discourse) was different from the level that the test 
measured to look at the difference between higher and lower level. We 
found no statistically significant difference between the levels, Q[3] =
7.56, p = 0.056, k = 378, n = 51. There was a medium effect for “two 

steps higher”, g = 0.62 [0.37, 0.87], p < 0.001, k = 27, n = 8, somewhat 
smaller effects for “one step higher”, g = 0.33 [0.23, 0.42], p < 0.001, k 
= 180, n = 40, and for “one step lower”, g = 0.31 [0.20, 0.42], p < 0.001, 
k = 161, n = 17, and a non-significant effect for “two steps lower” (but 
with a very small n), g = 0.18 [− 0.04, 0.39], p = 0.104, k = 10, n = 2. 

3.3.4. Trained items 
We then investigated whether treatment outcomes differed between 

trained and untrained items within the same tasks. We found a statis
tically significant difference, Q[1] = 109.66, p < 0.001, k = 157, n = 50, 
such that effects were large for trained, g = 1.14 [0.91, 1.36], p < 0.001, 
k = 72, n = 50, and small-to-medium for untrained, g = 0.36 [0.14, 
0.59], p = 0.002, k = 85, n = 50, items. 

Table 2 
Comparisons of model fit between the plain and the multilevel models.    

Model fit indices Model comparison  Variance components 

Levels Added levels AIC LogLIK Models LRT p σ2
1 σ2

2 

1. One   3765.96  − 1881.98      
2. Two Individual  3240.42  − 1618.21 1 vs. 2  527.54  <0.001  0.07  
3. Three Study  3235.49  − 1614.74 2 vs. 3  6.95  0.008  0.05  0.03 

Note. AIC = Akaike Information Criterion; LogLik = Log-Likelihood; LRT = Likelihood-Ratio Test. The Likelihood-Ratio test statistic is tested against a chi-square 
distribution with 1 degree of freedom. 

Fig. 2. Outcomes regressed on their standard error (left panel) and on their variance (right panel).  
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3.3.5. Treatment language 
To test whether the treatment language affected the outcome, we 

analyzed the difference between treatment provided in L1 and Ln. We 
did not find a statistically significant difference, Q[1] = 0.27, p = 0.605, 
k = 672, n = 82, with effect sizes being relatively similar for L1, g = 0.55 
[0.40, 0.69], p < 0.001, k = 260, n = 41, to those for Ln, g = 0.52 [0.38, 
0.65], p < 0.001, k = 412, n = 51. For within-level effects, we did not 
find a statistically significant difference Q[1] = 0.21, p = 0.648, k = 477, 
n = 75, between L1, g = 0.58 [0.42, 0.73], p < 0.001, k = 182, n = 38, 
and Ln, g = 0.55 [0.41, 0.69], p < 0.001, k = 295, n = 46. For across- 
levels, we did not find a statistically significant difference, either, Q 
[1] = 0.13, p = 0.719, k = 193, n = 49. The effects for L1, g = 0.41 [0.23, 
0.59], p < 0.001, k = 78, n = 22, were relatively similar to those in Ln, g 
= 0.44 [0.29, 0.60], p < 0.001, k = 115, n = 29. 

3.3.6. Age of acquisition 
We then tested whether within-language treatment effects were 

dependent on the age of acquisition of the treated language (see Fig. 5). 
We found a statistically significant difference, Q[3] = 11.05, p = 0.011, 
k = 649, n = 85. For the first language, the treatment effect was g = 0.56 
[0.41, 0.72], p < 0.001, k = 300, n = 45. For early childhood, the 
treatment effect was g = 0.63 [0.42, 0.84], p < 0.001, k = 50, n = 11 (but 
note the lower n for early childhood). For later childhood, the treatment 
effect was g = 0.35 [0.18, 0.52], p < 0.001, k = 237, n = 22. For 
adulthood, the treatment effect was g = 0.70 [0.45, 0.95], p < 0.001, k 
= 62, n = 11. 

3.3.7. Language proficiency 
After this, we investigated if language proficiency in the treated 

language was associated with treatment outcomes in a within-language 
context. We found no significant difference between the proficiency 
groups, Q[2] = 1.06, p = 0.588, k = 659, n = 79. Treatment effects were 

of medium size in the high proficiency group, g = 0.53 [0.40, 0.66], p <
0.001, k = 570, n = 67, and only somewhat lower in the medium pro
ficiency group, g = 0.48 [0.28, 0.67], p < 0.001, k = 59, n = 11, and in 
the low proficiency group, g = 0.39 [0.05, 0.74], p = 0.025, k = 30, n =
4, which included very few participants. 

3.3.8. Aphasia severity 
After this, we investigated whether treatment outcomes were asso

ciated with aphasia severity. Aphasia severity was coded from 1 = mild 
to 5 = severe and treated as a linear predictor. We found no statistically 
significant association between severity and the treatment outcome, g =
0.04 [− 0.02, 0.10], p = 0.169, k = 488, n = 54, Q[1] = 1.89, p = 0.169. 

3.4. Cross-language effects 

We then investigated the treatment effect for all studies across lan
guages (see Fig. 4). We found a small but statistically significant effect, g 
= 0.29 [0.18, 0.41], p < 0.001, k = 701, n = 77, Q[700] = 1265.99, p <
0.001. The PET-PEESE corrected effect was weaker but still statistically 
significant, g = 0.14 [0.03, 0.26], p = 0.015. In the control analyses, the 
effect size estimate was g = 0.35 [0.22, 0.48], p < 0.001, k = 539, n = 74, 
Q[538] = 1008.81, p < 0.001, and the PET-PEESE corrected effect size, 
g = 0.19 [0.06, 0.31], p = 0.003.4 

3.4.1. Follow-up 
For follow-up measures, the synthesized cross-language treatment 

outcome did not differ statistically from null, g = 0.13 [− 0.13, 0.39], p 

Fig. 3. Forest plot over effect size estimates per study and synthesized effect.  

4 As some studies combined blocks of treatment in different languages or 
types, we checked whether the results are similar when only including the first 
treatment block. The results of this control analysis showed only a minimal 
difference to the main results. 

M. Goral et al.                                                                                                                                                                                                                                   



Brain and Language 246 (2023) 105326

9

= 0.318, k = 61, n = 11, Q[60] = 55.14, p = 0.654. The PEESE-corrected 
effect size was even smaller, g = − 0.01 [− 0.27, 0.24], p = 0.917. 

3.4.2. Domain 
We again tested whether cross-language treatment outcomes were 

different based on language domain (production, comprehension, 
repetition), after removing 12 effect sizes representing both compre
hension and production (e.g., translation). We did not find a statistically 
significant difference, Q[2] = 0.61, p = 0.737, k = 627, n = 77. The 
treatment outcomes were relatively similar for production, g = 0.29 
[0.17, 0.41], p < 0.001, k = 384, n = 77, comprehension, g = 0.32 [0.19, 
0.45], p < 0.001, k = 227, n = 39, and repetition, g = 0.35 [0.09, 0.61], 
p = 0.008, k = 16, n = 11 (but note the lower n for repetition). 

3.4.3. Treatment level 
We then conducted a moderation test to study whether the outcome 

differed depending on whether the linguistic level the treatment focused 
on was the same as (or different from) the level that the test measured. 
We found no statistically significant difference, Q[1] = 0.00, p = 0.945, 
k = 698, n = 76. The effects were almost identical for within, g = 0.29 
[0.17, 0.41], p < 0.001, k = 532, n = 70, and across, g = 0.29 [0.16, 
0.42], p < 0.001, k = 166, n = 42, levels. 

3.4.3.1. Within specific level. We then analyzed the possible differences 
in outcomes when the linguistic level of treatment was the same as the 
level the test measured. Due to limited data, we included only the levels 
of word and sentence (there were no treatment outcomes available for 
discourse). We found no statistically significant differences between 

these levels, Q[1] = 0.36, p = 0.547, k = 506, n = 69. There were similar 
effects for word, g = 0.26 [0.10, 0.43], p = 0.002, k = 347, n = 57, and 
sentence, g = 0.34 [0.13, 0.55], p = 0.002, k = 159, n = 14 (but note the 
lower n for sentence level). 

3.4.3.2. Between specific levels. After this, we limited analyses to situa
tions in which the linguistic level the treatment focused on (e.g., words 
or sentences) was different from the level that the test measured to look 
at the difference between higher and lower levels. We found no statis
tically significant difference between the levels, Q[3] = 4.51, p = 0.211, 
k = 165, n = 42. The effects were relatively similar for “one step lower”, 
g = 0.41[0.22, 0.61], p < 0.001, k = 68, n = 16, “one step higher”, g =
0.26 [0.09, 0.42], p = 0.003, k = 78, n = 35, “two steps lower”, g = 0.28 
[− 0.08, 0.64], p = 0.131, k = 4, n = 2, and for “two steps higher”, g =
0.46 [0.13, 0.80], p = 0.007, k = 15, n = 7, the latter two categories with 
very few observations. 

3.4.4. Translation equivalents of trained items 
We then investigated whether treatment outcomes differed between 

translation equivalents of trained and untrained items within the same 
tasks. We found a statistically significant difference, Q[1] = 7.67, p =
0.006, k = 147, n = 45. Effects were larger for trained, g = 0.57 [0.33, 
0.80], p < 0.001, k = 67, n = 45, than for untrained, g = 0.35 [0.12, 
0.59], p = 0.003, k = 80, n = 45, items. 

3.4.5. Treatment language 
To test whether the treatment language affected the outcome, we 

analyzed the difference between L1 and Ln. We found no statistically 

Fig. 4. Uncorrected (upper panel) and corrected (lower panel) estimates for treatment effects within and across languages.  
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significant difference, Q[1] = 0.38, p = 0.540, k = 701, n = 77. The 
effect sizes were similar with g = 0.31 [0.18, 0.44], p < 0.001, k = 261, n 
= 38, for L1 and g = 0.28 [0.16, 0.40], p < 0.001, k = 440, n = 50. for Ln. 
Similarly, we found no statistically significant difference between L1 
and Ln for within-level, Q[1] = 0.40, p = 0.528, k = 532, n = 70, nor for 
across-levels, Q[1] = 0.04, p = 0.851, k = 166, n = 42. 

3.4.6. Age of acquisition 
We studied whether age of acquisition of the treatment language or 

that of the test language was associated with cross-language effects. We 
found a statistically significant association between age of acquisition of 
the treatment language and cross-language treatment outcomes Q[3] =
9.90, p = 0.020, k = 684, n = 75, where the largest outcomes were 
observed when the treated language had been acquired in adulthood, g 
= 0.43 [0.26, 0.60], p < 0.001, k = 80, n = 11, followed by effects for 
first-language acquisition g = 0.32 [0.19, 0.45], p < 0.001, k = 356, n =
42, early childhood g = 0.25 [0.08, 0.42], p = 0.004, k = 45, n = 11, and 
finally for later in childhood, g = 0.18 [0.04, 0.31], p = 0.010, k = 203, n 
= 22. There was, however, no effect of age of acquisition of the test 
language in cross-language contexts, and Q[3] = 1.20, p = 0.752, k =
701, n = 77. 

3.4.7. Language proficiency 
We then tested if cross-language generalization effects depend on the 

proficiency relationship of the languages. We found no statistically 
significant difference, Q[2] = 0.44, p = 0.803, k = 689, n = 74. Effects 
were similar for “same”, g = 0.28 [0.17, 0.40], p < 0.001, k = 531, n =
54, and for “tr_higher”, g = 0.31 [0.14, 0.47], p < 0.001, k = 59, n = 12, 
and for “tr_lower”, g = 0.26 [0.11, 0.40], p < 0.001, k = 99, n = 15. 

3.4.8. Language distance between treatment vs. test language 
To test whether cross-language generalization effects depend on the 

similarity of the languages, we coded language distance on a 10-step 
scale (0–9) with higher values representing higher similarity. We used 
this variable as a linear predictor for the pre-post effect of treatment. We 
found no significant association, g = 0.01 [− 0.04, 0.05], p = 0.771, k =
719, n = 77, Q[1] = 0.08, p = 0.771. 

3.4.9. Aphasia severity 
We then investigated whether treatment outcomes were associated 

with aphasia severity. Again, we found no statistically significant asso
ciation between severity and the treatment outcome, g = − 0.00 [− 0.05, 
0.05], p = 0.929, k = 459, n = 49, Q[1] = 0.01, p = 0.929. 

3.5. Treatment in both languages 

Finally, we investigated the treatment outcome in 116 instances and 
seven participants where the treatment had been given in both lan
guages within the same treatment block. We found no effect for this 
small number of cases, g = 0.12 [− 0.01, 0.25], p = 0.079, k = 116, n = 7, 
Q[115] = 108.74, p = 0.647. The PEESE correction did not change this 
finding, g = − 0.02 [− 0.21, 0.17], p = 0.827. 

4. Discussion 

Our systematic review yielded 40 studies reporting on 85 multilin
gual people with aphasia who received language intervention in one or 
more of their languages and were assessed in the language used for 
treatment as well as in their other language(s). We conducted a meta- 
analysis of the 1573 effect sizes extracted from these studies. We 
address our results with respect to our research questions. 

Fig. 5. Estimates for treatment effects by age of acquisition of the treated language for within-language effects (upper panel) and across-language effects 
(lower panel). 
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4.1. Is language intervention with multilingual people with aphasia 
beneficial? 

Our findings indicate that the answer to our first question is yes: 
Overall, participants’ performance was higher in the post-treatment 
measurements as compared to the pre-treatment ones. Also as pre
dicted, treatment effects were stronger within languages than across 
languages. That is, larger effect sizes emerged for treatment effects in the 
treated language than in the untreated language(s), for which we found 
very small overall effects when correction for bias was applied. In 
addition, whereas a relatively small number of follow-up measurements 
were reported (n = 12 for within-language and 11 for cross-language), 
those revealed maintenance of treatment effects, but only in the 
treated languages; cross-language follow-up effects did not show a sig
nificant effect. 

These results are in line with previous studies reporting positive 
treatment outcomes for multilingual people with aphasia, with stronger 
within- than between-language effects and no negative effects for the 
untreated language (e.g., Faroqi-Shah et al., 2010). Finding positive 
treatment outcomes for multilingual people with aphasia is significant 
because many of the people with aphasia seen for intervention world
wide are multilingual, whereas the majority of the intervention ap
proaches used by speech-language therapists have been developed and 
tested on monolingual people with aphasia (e.g., Ansaldo et al., 2010; 
Grasso et al., 2019). Moreover, finding cross-language generalization 
would be important because many multilingual people with aphasia 
have access to treatment in only one of their languages, often the lan
guage of the majority in the country where they reside at the time of the 
stroke (Centeno, 2009; Norvik et al., 2022; Sandberg et al., 2019). Yet, 
findings for cross-language generalization have been elusive, with some 
studies reporting effects and others not, which can explain the smaller 
effects we found in our meta-analysis. 

We note that treatment outcomes were higher for measures of lan
guage production than of language comprehension for the treated lan
guages. This is consistent with the fact that most language treatment 
approaches for aphasia typically target production skills, at least in the 
sample included in this systematic review. Intervention approaches 
included in studies with multilingual people with aphasia, such as Se
mantic Features Analysis (SFA, e.g., Bihovsky et al., 2023), Verb 
Network Strengthening Therapy (VNeST, e.g., Lerman et al, 2019), 
Script Training (e.g., Grasso et al., 2019), target lexical-retrieval pro
duction, as anomia (word-finding difficulties) is a major deficit in all 
types of aphasia. Although these treatments (e.g., SFA, VNeST) target 
also semantic processing, and thus could be expected to affect compre
hension processing as well as production, we still observed stronger 
effects for production tasks. This may be related to the observation that 
relatively few individual studies measured language comprehension as a 
direct treatment outcome, though many studies used the Western 
Aphasia Battery (WAB; Kertesz, 1982) or the Bilingual Aphasia Test (BAT; 
Paradis & Libben, 1987) as outcome measures – aphasia batteries that 
include comprehension subtests. A dissociation between production and 
comprehension outcomes in the generalization of treatment is infor
mative for clinicians who aim to maximize treatment effects not only in 
the treated language but also in the untreated languages. It can also 
explain some of the mixed results for cross-language generalization re
ported in the literature. 

4.2. What variables affect treatment efficacy? 

With respect to our second research question, several variables 
emerged as contributing to the efficacy of the treatment. We address the 
treatment-related variables, followed by the multilingualism-related 
variables, below. 

The treatment-related variables we examined included the linguistic 
levels targeted and tested, and whether the outcome measures consisted 
of items that were trained during the treatment or not. One, we found 
stronger treatment effects when the linguistic level of the intervention 
(e.g., words vs. sentences) was the same as the level measured. This was 
true for the within-language analyses but not for the cross-language 
analyses. However, we note that in many interventions, more than 
one linguistic level is targeted so it is possible that even though the main 
goal of an intervention is to improve sentence construction, for example, 
individual words are targeted as well, and, vice versa, in treatment ap
proaches that targeted single words, some activities may elicit language 
beyond the word level. Consistently, we found significant effects for 
both within- and between-levels effects, as well as no significant dif
ference between levels in the cross-language effects. This is not entirely 
surprising, and perhaps reassuring, because the aim of aphasia treat
ment is to generalize beyond the items and structures targeted. Thus, 
improved performance at post-treatment testing compared to pre- 
treatment baselines, regardless of the linguistic levels targeted during 
the treatment, is an encouraging finding. 

Two, when we examined outcomes for trained vs. untrained items, 
trained items – as predicted – showed greater benefit from treatment 
than untrained items. The comparison of treated vs. untreated material 
has been at the focus of many intervention studies. In treatment studies 
that target specific items, such as those using SFA or VNeST and those 
targeting naming abilities, it is typical to find greater improvements in 
the trained items than in items that were not directly practiced during 
therapy (e.g., Boyle, 2010). Untrained items within the treated language 
have consistently been reported to benefit less from treatments that 
target specific items (e.g., Edmonds & Kiran, 2006; Kiran & Roberts, 
2010). Indeed, generalization of treatment-related improvements to 
untrained items has been difficult to achieve in aphasia treatment more 
generally (e.g., Best et al., 2013; Fillingham et al., 2006). Thus, our 
findings of stronger effects for directly trained items are commensurate 
with what may be expected from previous treatment studies with 
monolingual and multilingual participants. Also consistent with previ
ous reports (e.g., Kohnert, 2004; Marte et al., 2023), we found that 
translation equivalents of trained items benefited more from the treat
ment than other words in the untreated language. 

The three multilingualism-related variables that we were able to 
examine in the current dataset were age of language acquisition, lan
guage proficiency of the treated and untreated languages, and language 
distance. The only variable that yielded a significant effect was age of 
language acquisition of the treated language. That is, treatment in lan
guages that were acquired from birth showed better efficacy than 
treatment in languages that were learned in early childhood, which in 
turn showed better response to treatment than languages that were 
learned in later childhood. This was true for both within-language and 
cross-language results. The finding of better outcomes for treatment in a 
language acquired from birth is consistent with previous reports of 
better post-stroke recovery of the first-acquired language (e.g., Faroqi- 
Shah et al., 2010; Kuzmina et al., 2019; Goral, 2022). Although the 
better recovery of the first-acquired language has not been found 
consistently in the literature on multilingual people with aphasia, it has 
been reported in many instances, and as early as in Ribot (1881) who 
proposed that the first-acquired language would be more resilient to the 
effect of aphasia. Yet, quite a few cases have been reported to the con
trary of this prediction, starting with Pitres (1895) who countered 
Ribot’s law with the prediction that the language most used at the time 
of the stroke, not the one acquired first, would be more likely to recover 
in aphasia. In fact, our findings did not extend to the age of acquisition of 
the tested language, qualifying the early acquisition effect. 

In case studies or case series of treatment studies, isolating the effects 
of individual variables such as age of language acquisition can be 
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challenging given the heterogeneity of the multilingual population 
enrolled in such studies and the likely interaction of a number of vari
ables with age of language acquisition, such as language use and lan
guage proficiency. The meta-analysis employed here allowed us to 
demonstrate that the effect of age of language acquisition was signifi
cant, independent of language proficiency. Yet, language proficiency 
and language use no doubt play a role in patients’ response to treatment. 

For example, language exposure and use can explain the somewhat 
unexpected finding obtained in our analyses: whereas treatment that 
was administered in an early-acquired language was more efficacious 
than treatment that was administered in a language that was acquired 
later in childhood, when the treatment was administered in a non-L1 
that was acquired in adulthood, treatment effects were strong. In 
those 11 cases in our sample who were treated in a language they 
learned in adulthood, the late-learned language had become the main 
language of the participants as they were immersed in that language and 
used it consistently prior to the stroke. They all used their late-learned 
language extensively (although not all had comparable proficiency in 
that language and in their earlier-acquired languages). It is therefore 
possible that language use modulates the effect of age of acquisition. The 
role of language use has emerged as an important variable in bilin
gualism (e.g., Peñaloza et al., 2020). We were unable to separately 
examine the effect of language use on treatment outcome in our current 
analyses due to inconsistent reports about current and past use of each of 
the languages of the participants included in this review, but it is 
possible that language immersion and use were the drive behind the 
effect of the later age. 

In contrast to the effect of age of acquisition, language proficiency 
did not appear to affect within-language or cross-language effects. The 
finding of no language proficiency effect for cross-language treatment 
outcome is of interest because the role of language proficiency has been 
debated in the literature on cross-language generalization (e.g., Ansaldo 
& Ghazi Saidi, 2014; Conner et al., 2018; Goral & Lerman, 2020; Knoph 
et al., 2017). In a recent study, Peñaloza et al. (2020) demonstrated that 
pre-stroke proficiency predicted post-stroke lexical-semantic abilities in 
bilingual people with aphasia. Pre-stroke language proficiency and re
sidual abilities post-stroke have been hypothesized to affect the pro
cesses assumed to underlie cross-language treatment generalization. For 
example, processes of spreading activation among lexical items should 
lead to generalization from a less-proficient language to a more profi
cient one, in accordance with models of the bilingual lexicon (e.g., Kiran 
et al., 2013; Kroll et al., 2010). This is because of the assumed stronger 
lexical connections from L2 words to L1 words than in the opposite di
rection (Kiran et al., 2013). At the same time, the need to inhibit a more- 
proficient language while activating a less-proficient one can lead to a 
lingering suppression of a more-proficient language following treatment 
in a less-proficient language (Goral et al., 2013). In our systematic re
view, the vast majority of the study participants had medium or high 
proficiency in all their languages so the finding of no significant lan
guage proficiency effect may be expected. It is possible that the mixed 
results among the individual studies, with some reporting cross- 
language effects from a weaker to a stronger language and some in the 
other direction, and with both processes – spreading activation and in
hibition – at play, resulted in a null effect of proficiency in this meta- 
analysis. 

Finally, and consistent with previous reviews that found no effect of 
language distance on whether cross-language generalization was 
observed (Ansaldo & Ghazi Saidi, 2014; Faroqi-Shah et al., 2010), we 
found no effect of language distance in our analyses. We note that even 
those reviews that did not find a significant effect of language distance 
do point to the role of language similarities, especially that of cognates 
(Ansaldo & Ghazi Saidi, 2014; Kohnert, 2004). It is possible that for 
treatments that focus on specific lexical items, lexical similarity is a 
more relevant variable than overall language distance. For treatment 
approaches that target other linguistic processes, language distance may 
be a variable that contributes to cross-language effects. 

Additional variables that have been implicated in the treatment ef
ficacy literature include aphasia severity and aphasia type. Aphasia 
severity did not emerge as a predictor in within- or cross-language ef
fects in our analyses. We did not include aphasia type as a variable in our 
analyses. This is because the classification of people with aphasia into 
aphasia types has received much criticism and discussion in recent years 
(e.g., Ardila, 2010) and many studies included in this review did not 
choose to classify their participants according to classification methods, 
such as the syndrome approach. 

4.3. Limitations and future directions 

Our search of four major databases using all relevant key terms 
yielded 40 studies, many of single participants or small groups, for in
clusion in this systematic review and meta-analysis. It is possible that the 
relatively small sample size obtained contributed to some of the null 
effects observed. Nevertheless, the sample yielded 1573 observations, 
which offered considerable statistical power. Moreover, in some com
parisons (e.g., proficiency), the number of cases compared were uneven, 
so the interpretation of the results should be done with caution. For 
example, smaller sample sizes in some of the conditions may lead to less 
precise estimates and increase the risk of false positive or negative 
findings as well as limit the generalizability of the findings. It is possible 
that the difference in the treatment effect in these instances is at least in 
part due to the size of the groups. 

We observed asymmetry in the distribution of outcomes, indicating 
that studies with lower precision tended to report larger positive effects 
than those with higher precision. Such asymmetries may be observed 
due to reporting or publication biases. To account for this asymmetry, 
we used a correction close to the PET-PEESE method that estimates what 
the effect size would be in the absence of bias. It should be noted that 
many of the present moderator analyses were not corrected for bias. 
Furthermore, as none of the methods to correct for publication bias are 
perfect, our adjusted effect size values should be treated with some 
caution. 

As well, the heterogeneity inherent to the target population likely 
contributed to the small effects of cross-language treatment general
ization. Furthermore, even though we reviewed the studies carefully in 
an attempt to extract as much information about the participants, 
variation in how information pertaining to language proficiency, age of 
acquisition, and especially language use is report, limited our ability to 
analyze the contribution of some of these variables to treatment efficacy 
in multilingual people with aphasia. It may be beneficial for the field if 
researchers increased the consistency with which they report critical 
information about language exposure and use across the lifespan of their 
participants. Several questionnaires have been reported across studies 
but no gold standard for collecting and reporting this information has 
emerged. Determining pre-stroke proficiency has been acknowledged as 
a challenge, given that only subjective information is available (Lerman 
et al., 2020). Peñaloza et al. (2020), who demonstrated the importance 
of pre-stroke proficiency, calculated pre-stroke proficiency taking into 
account language use history, education history, and lifelong exposure. 
In many previous studies, only part of this information was utilized to 
determine proficiency. Understanding the role of relative proficiency is 
especially critical given recent discussions in the literature and theo
retical and practical implications. If treating one language, for example a 
more proficient or a more used one, could lead to better outcomes, such 
findings can guide clinical decisions. 

As in any treatment study in aphasia, improvement following treat
ment can be the result of the treatment but other factors may contribute 
to change, including spontaneous recovery in early stages post stroke 
and general response to the engagement during treatment. In the cases 
included here, the majority of the individuals were in the chronic phase 
post stroke and little spontaneous recovery could have been expected. As 
well, several of the studies included here applied measures of control, 
including tasks that were unrelated to the treatment and were not 
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expected to change following the intervention (and were thus not part of 
the meta-analysis). 

Finally, great variation in both the treatment approaches used and in 
the outcome measures reported in the various studies also contributed to 
variability in the sample. Indeed, because of the relatively small number 
of studies included here, we were unable to examine treatment effects 
separately for specific intervention approaches or approaches that 
employed specific activities. This heterogeneity of treatment approaches 
is typical of treatment studies in aphasia so in this respect the present 
sample does represent the literature and our results should be general
izable. With the growing interest in multilingualism seen in the litera
ture, we predict that additional aphasia intervention studies will 
continue to inform us about the variables that can help maximize within- 
and cross-language treatment generalization. 

4.4. Conclusion 

Our systematic review and a meta-analysis of studies that report 
treatment outcomes in multilingual people with aphasia suggests that 
treatment is beneficial for the language in which the treatment is con
ducted and also, though to a lesser extent, to the untreated language(s). 
On the basis of the results of this meta-analysis we can conclude that 
treating multilingual people with aphasia in one language may to a small 
extent generalize to their other languages, especially following treat
ment in an early-acquired language and in a later-learned language that 
became the language of immersion. 
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