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Abstract
Bilingualism as a Protective Factor for Executive Dysfunction in Autism
By Alexander Kolios

While conclusions from research are mixed, there are studies that demonstrate a bilingual
advantage in executive functioning and studies that demonstrate executive dysfunction in
individuals with autism. Despite these complementary patterns of findings, very little research
has looked at the bilingual-autism experience and its effect on executive function skills. Even
fewer studies have tested this population’s performance on inhibitory control, the subdomain of
executive functioning previously shown to be most positively impacted by bilingualism, and no
studies to date have tested this population’s performance on spatial working memory, the
subdomain previously shown to be most negatively impacted by autism. This current study
aimed to investigate this relation through three sub-studies. The first being a comparison of
inhibitory control and spatial working memory skills in monolingual and bilingual adults to
replicate bilingual differences in executive function. The second being a comparison of
inhibitory control and spatial working memory skills in 7-8-year-old children with autism and
typically developing children to replicate autism-related executive function dysfunction and
demonstrate the feasibility of these tasks in these populations. And the third being the
comparison of inhibitory control and spatial working memory skills in 7-8-year-old monolingual
and bilingual children with autism to ultimately investigate the cognitive implications of this
experience. Since data collection for Study 2 and 3 are still ongoing, only the results from Study
1 are discussed. In Study 1, no significant differences were found between the monolingual and
bilingual adults on the inhibitory control and spatial working memory tasks. However, this may
be due, in part, to the amount of second language exposure experienced by the “monolingual”
participants and a possible “ceiling effect” of executive function skills. If one of these
mechanisms is in fact contributing to the null effects, these findings would serve as further
justification for Study 2 and 3 and other research with younger participants as they would be
able a illustrate a much clearer picture of how these factors, namely autism and bilingualism,
influence cognitive development.
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Introduction

Over the past 20 years, there has been a dramatic rise in the number of studies focusing
on bilingualism and autism respectively, and in particular on the impact of these experiences on
cognitive development. Much of this research has focused on the development of executive
functions, a class of several domain-general cognitive skills that support goal directed behavior
(e.g., Carlson et al., 2013) and have been shown to have a significant influence on academic and
professional success (e.g., Richland & Burchinal, 2012). In general, studies have found a
favorable effect of bilingualism on executive functioning, that is, either faster average reaction
times or higher average accuracy on various executive function tasks for bilinguals as compared
to monolinguals (e.g., Sorge et al., 2017; Carlson & Meltzoff, 2008). While other studies have
found evidence of executive dysfunction in children with autism, that is, either slower average
reaction times or lower average accuracy on various executive function tasks for children with
autism as compared to children without autism (e.g., Hughes et al., 1994). Given these
contrasting patterns of findings, it is unclear how bilingualism and autism may interact to
influence the development of executive functions. Understanding these potential interactions is
important for the growing number of bilingual families in the United States (US) who are
seeking evidence-based recommendations on whether they should raise their children
bilingually. Unfortunately, there is very little research available on the impact of the intersection
of these lived experiences (although for some examples of this work see: Li et al., 2017; Ratto et
al., 2020; Nadig & Gonzalez-Barrero, 2019; larocci et al., 2017). To address this gap, the current

study aims to compare executive functioning skills between bilingual autistic children and
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monolingual autistic children. Beginning to fill this gap in prior research, will not only contribute
to the growing body of work exploring how individual differences in lived experiences drive
variability in cognitive development, but may also serve as a foundation on which, in
combination with future work, clinical recommendations regarding whether children with
neurodevelopmental disabilities should be raised bilingually can be built.
Bilingualism and Executive Functioning

Given that the number of bilinguals in the US has tripled in the past three decades, it is
not particularly surprising that there has been a similar increase in research within the US
focused on the impact of bilingualism on development (Grosjean, F. 2010; Dietrich &
Hernandez, 2022). Multiple studies have shown a positive impact of bilingualism on the
development of executive functioning skills (e.g., Carlson & Meltzoff, 2008; Yurtsever et al.,
2023; Park et al., 2018; Ye et al., 2017; Chung-Fat-Yim et al., 2019). A quantitative analysis by
Yurtsever et al., (2023) of 147 studies which compared executive function task performance
between monolingual and bilingual children showed that across all 147 studies, the bilingual
groups performed better on various executive function tasks “more often than chance.” Work
like this suggests that bilingualism may lead to a “global cognitive advantage” in executive
functioning. However, other studies have suggested that this potential “advantage” may be
more prominent in specific subdomains of executive functioning (e.g., Nguyen et al., 2023;
Anton et al., 2019; Sorge et al., 2017; Carlson & Meltzoff, 2008). Crivello et al. (2017) compared
monolingual and bilingual toddlers on a variety of executive function tasks over a 7-month
period and showed that the bilingual toddlers outperformed the monolingual toddlers

specifically on the inhibitory control tasks. Similarly, Poulin-Dubois et al. (2011) administered a
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battery of executive function tasks on 63 24-month-old monolingual and bilingual children and
only identified a bilingual “advantage” on the Stroop Task, a commonly used inhibitory control
task.

Other studies have shown that this bilingual “effect” on inhibitory control carries on in
later stages of child development, including into middle childhood, the focus of the current
study (e.g., Sorge et al., 2017; Bialystok & Viswanathan, 2009; Poarch et al., 2012). Poarch et al.
2012 compared the performance of 5-8-year-old German-English bilinguals, 5-8-year-old
German-English-other language trilinguals, and 6-8-year-old German monolinguals on, two
inhibitory control tasks, the Simon task and the Attentional Networks Task. Consistent with
many previous studies testing younger participants, the bilingual and trilingual groups showed
greater inhibitory control on both tasks as compared to the monolingual group. While research
into this relation in even older populations is much less abundant, various studies have
nonetheless highlighted that this effect does carry into adulthood (e.g., Degirmenci et al., 2022;
Luk et al., 2011; Hartanto et al. 2019; Lee Salvatierra et al., 2011; Bialystok et al., 2014).

Despite a multitude of studies pointing to a bilingual “advantage” in inhibitory control, a
broader look at the research landscape in this area, shows that as a field we are far from a clear
consensus on whether or not there is a bilingual “advantage” in executive functioning. Various
literature reviews in this area have found a lack of substantial evidence for a bilingual
“advantage” in either inhibitory control, specifically, or in executive functioning, more generally
(e.g., Lehtonen et al., 2018 for adults; Lowe et al., 2021 for children). Clearly, more work is

needed to better understand the more nuanced relation between bilingual language experience
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and individual differences in executive functioning, particularly in samples of children in middle

childhood, where there is far less research in this space.

Autism and Executive Functioning

Mirroring the rise of interest in work on the impacts of bilingualism, the impact of
autism on cognitive development has also become an increasingly popular topic of research due
to the drastic increase of diagnoses in recent years (e.g., King & Bearman, 2009). In contrast to
the work on bilingualism, various studies have found evidence of executive dysfunction in
autistic children in comparison to their neurotypical peers (e.g., Hughes et al., 1994). Through a
meta-analysis of 235 studies exploring the performance of autistic individuals across age groups
on executive function tasks as compared to neurotypical individuals, Demetriou et al. (2017)
found evidence for executive dysfunction in autistic individuals across many different executive
functioning domains, including inhibition, working memory, mental flexibility, etc. This idea of a

III

“slobal” executive dysfunctioning associated with autism has been supported by other work
(e.g., Xie et al., 2020; Christ et al., 2010; Hughes et al., 1994). Mahdavi et al. (2017), compared
34 children with autism and 36 neurotypical children, all aged 5-16, on executive function skills
using BRIEF ratings, a parent-completed survey that evaluates executive functioning through
numerous subscales. Results were consistent with the meta-analysis, indicating significantly
higher scores on all executive dysfunction subscales for the autistic children.
Despite this work, several reviews have pushed back against this concept of a “global”

executive function impairment in those with autism, and instead have suggested the presence

of a set of specific subdomain deficits (e.g., O’Hearn et al., 2008; Hill et al., 2004a; Russo et al.,

2007; Russell et al., 1999). Based on a review of research in this area, O’Hearn et al. (2008)
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concluded that the impact of autism on individual differences in executive functioning is most
prominent within the subdomains of inhibition and working memory (see also Luna et al.,
2007). While the relation between autism and inhibition is less well established (e.g., Hill et al.,
2004b; Geurts et al., 2014) there is considerably more evidence for impairments in the working
memory domain of executive function among those with autism (e.g., Habib et al., 2019; Gilotty
et al., 2002; Rosenthal et al., 2013). In a meta-analysis that included twenty-eight studies
encompassing over 1600 participants ranging from middle-childhood to well into adulthood,
Wang et al. (2017) found working memory deficits in the autistic groups, but also specified that
these deficits could mostly be attributed to impairments in spatial working memory, and not
verbal (or phonological) working memory. Other studies have also replicated this finding of
pronounced autism-related impairments in spatial working memory (e.g., Williams et al. 2005;
Cui et al., 2010; Zinke et al., 2010). Williams et al. (2005), compared the performance of both
neurotypical and autistic adults and adolescents on verbal and spatial working memory tasks.
Across groups, the participants with autism had significantly lower scores than the neurotypical
group, implying worse spatial working memory skill among those with autism. Interestingly, this
was not the case for verbal working memory as there were no significant differences found on
the verbal working memory task between the neurotypical and autistic participants across the
adolescent and adult groups.

Despite some convincing evidence of autism-attributed executive dysfunction in spatial
working memory (and perhaps also inhibition) the overall findings have been mixed. In fact,
there are a number of studies that have contradicted this previous evidence and have shown

that individuals with autism do possess intact spatial working memory skills (e.g. Nakahachi et



EFFECTS OF BILINGUAL-AUTISM INTERACTION 6

al., 2006; Koshino et al., 2008; Macizo et al., 2016; Geurts et al., 2004). Therefore, there is more
work to be done in substantiating claims of autism-attributed executive dysfunction, particularly

in spatial working memory.

Interaction between Bilingualism and Autism on Executive Functioning

Given the research previously discussed suggesting a possible favorable effect of
bilingualism on executive functioning, and an unfavorable effect of autism on executive
functioning, one might theorize that the interactions of these experiences would manifest in
more advanced executive functioning skills for bilingual children with autism as compared to
monolingual children with autism. Yet, while these two populations and their respective
trajectory of cognitive development have been moderately researched, there’s been hardly any
research done on the intersection of these experiences. Of the few studies that have looked at
this relation, many have found no significant differences between the monolingual and bilingual
groups. However, upon a closer inspection of these studies, most of the tasks and components
of executive function these studies have explored are not those that have been shown to be
among the most impacted by bilingualism or autism. Instead, a majority of the previous work in
this area has focused on individual differences in verbal fluency (e.g., Nadig & Gonzalez-Barrero,
2019), cognitive flexibility (e.g., Sharaan et al., 2021), or verbal working memory (e.g., Peristeri,
2020).

Li et al. (2017) is one of the only studies to have directly looked at inhibitory control, one
of the subset skills within the class of executive functions that has been previously shown to be
most impacted by both bilingualism (e.g., Crivello et al., 2017; Sorge et al., 2017) and autism

(e.g., Demetriou et al., 2017). Li and colleagues (2017) found no difference between bilingual
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and monolingual children with autism, however, given that this is just one study more work in
this space is definitely needed. Furthermore, the bilingual sample in Li et al. (2017) spoke
Japanese and English, two languages that are vastly different which is significant because the
amount of overlap in the languages bilinguals are fluent in has been found to influence
performance on executive function tasks (e.g., Barac & Bialystok, 2012)

None of the available research has examined potential differences in monolingual and
bilingual autistic children’s performance on spatial working memory tasks, one of the subset
skills within the class of executive functions in which autistic children have been shown to
perform particularly worse on as compared to neurotypical children (e.g., Jiang et al., 2013).
And while there has been limited exploration of a potential bilingual “advantage” in spatial
working memory, there is a demonstrated relation between inhibition and spatial working
memory skills (e.g., Beattie et al., 2018). Therefore, if there is a favorable effect of bilingualism
on inhibition in children with autism, this could carry over into favorable effects in spatial
working memory. Given that spatial working memory skills are among those most impacted by
autism, if bilingual language experience could provide a “protective” or “compensatory” effect
on the development of these skills, this would be particularly important to know.

This study aims to fill these gaps in the current research by comparing the performance
of bilingual and monolingual autistic children on both inhibition and spatial working memory
tasks. However, given the lack of substantial research regarding favorable bilingual effects on
inhibition and spatial working memory and autism attributed-executive dysfunction in inhibition
and spatial working memory, this exploration of the intersection of the experiences requires

more foundational justification. Thus, this study was divided into three distinct but connected
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sub-studies, with one examining monolingual and bilingual differences in inhibition and spatial
working memory skills in adults, one examining autism and neurotypical differences in inhibition
and spatial working memory skills in children, and the final study attempting to answer the
cumulative question of the nature of the interaction of bilingualism and autism on inhibition

and spatial working memory skills.

Methods

Measures
The measures for the three sub-studies are divided into surveys and experimental tasks.

Surveys
The Language Experience and Proficiency Questionnaire. The Language Experience

and Proficiency Questionnaire (LEAP-Q) is a self-report survey that is used to collect
information on various aspects of an individual’s language experience (Marian, Blumenfeld, &
Kaushanskaya, 2007). Specifically, the adult participants (in Study 1) were asked to identify and
characterize each language they have been exposed to. All individuals who reported a speaking
proficiency score of 7 or higher (on a 0 to 10-point scale) in at least two languages were
considered bilingual in Study 1. All individuals who reported being exposed to only English or
being exposed to English and another language with a speaking proficiency score of less than 7
were considered monolingual in Study 1.

The Child Language Experience and Proficiency Questionnaire. The Child Language
Experience and Proficiency Questionnaire (cLEAP-Q) is a guardian-completed-survey that is used

to collect information on various aspects of a child’s language experience (Marian, Blumenfeld,
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& Kaushanskaya, 2007). Specifically, guardians were asked to identify and characterize each of
the languages their child has been exposed to. The same proficiency criteria (reporting two
languages with a speaking proficiency rating of greater than 7) was used to group each child
into the monolingual or bilingual group (in Study 3).

Behavior Rating Inventory of Executive Function-2. The Behavior Rating Inventory of
Executive Function 2 (BRIEF-2) is a guardian-completed questionnaire of executive function skills
in children aged 5-18 years with developmental conditions (used in Study 2 & 3; Gioia et al.,
2015). The purpose of the survey is to assess a child’s executive functioning in home or
classroom settings by asking about the frequency of executive functioning-related behaviors in
those contexts. The survey evaluates eight subscales of executive functioning: inhibit, self-
monitor, shift, emotional control, working memory, plan/organize, organization of materials,
and monitor. In addition to the subscales, the survey also results in an overall score, called the
Global Executive Composite score which compiles and summarizes all of the subscale scores.
The Global Executive Composite score “T score” ranges from 0 to 100 with scores from 60 to 64
representing mildly impaired executive function skills, 65 to 69 representing potentially clinically
impaired executive function skills, and scores 70 and above representing clinically impaired

executive function skills.

Experimental Tasks
Backwards Corsi Block Task. The Backwards Corsi Block Task measures spatial working

memory skill (Milner, 1971). All participants (both adults and children) completed the same
version of this task, in which they were visually presented with an array of 9 orange flowers. On
each trial, 3-6 orange flowers turned red, one at a time. Following the presentation of the red

flowers, participants were asked to indicate, using the mouse, the reverse order in which the
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red flowers appeared. Prior to the experimental blocks, participants completed two practice
blocks in which three red flowers appeared and they were asked to indicate in forward order
(Block 1) or backwards order (Block 2) the flowers that appeared. All participants completed
four blocks of 5 trials, in which 3, 4, 5, or 6 red flowers, respectively, appeared per trial.
Participants received scores based on the number of trials for which they were able to answer
completely correct, with a maximum score of 20. Better spatial working memory skills are
reflected by higher scores on this Backwards Corsi Block Task. To be included in the final
analysis, participants had to correctly answer at least 2 of the first five trials (in which three red
flowers appeared on each trial). Two versions of this task were created in which a different
randomized sequence was used for the red flower presentation. Each participant completed
only one version of the task.

Simon Task. The Simon Task (Simon, 1969) is a frequently used inhibition task which
generates an overall score called the Simon Effect. Both adults and children completed the same
version of this task. In this task, cars and trucks were visually presented on either the left or
right side of the screen and participants were asked to then respond via a button press as to
whether a car or truck was presented [e.g., if CAR press ‘6’ (right side); if TRUCK, press ‘A’ (left
side)]. Prior to the experimental blocks, participants completed two practice blocks of twelve
trials, with the first presenting the cars and trucks in the middle of the screen and the second
block presenting both congruent and incongruent trials (to be described subsequently). All
participants completed two experimental blocks of 32 trials each. Across the task, 75% of trials
were congruent in that the shape was presented on the corresponding side of the screen that

aligned with the task rule (e.g., ‘CAR’ presented on the RIGHT) and 25% of trials were
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incongruent in that the shape was presented on the side of the screen that conflicted with the
task rule (e.g., ‘CAR’ presented on the LEFT). For each participant, overall Simon Effects were
calculated by subtracting average congruent reaction time from average incongruent reaction
time (Reaction Time Simon Effect) and by subtracting average incongruent accuracy from
average congruent accuracy (Accuracy Simon Effect), with lower Simon Effects being indicative
of greater inhibitory control. To be included in the final analysis, participants had to correctly
answer at least 50% of the congruent trials across both experimental blocks. Two versions of
this task were created in which a different randomized sequence was used for the car and truck

presentation. Each participant completed only one version of the task.

Study 1: Adult Monolinguals vs. Bilinguals
To provide further support for executive function differences between monolinguals and

bilinguals, the first study compared inhibition and spatial working memory task performance
between adult monolingual and bilingual participants using t-tests. Exploratory correlation
analyses were also conducted to investigate potential relations between characteristics of
bilingual language experience (specifically, second-language “age of acquisition”, “current
exposure”, and “combined speaking and understanding proficiency” from the LEAP-Q) and
performance on the Simon Task and Backward Corsi Block Task.

Hypotheses.
S1H1: If the different lived experience of bilinguals in comparison to the experience of
monolinguals “favorably” impacts inhibitory control, then the bilingual group will significantly

outperform the monolingual group on the inhibition task. This will be reflected by smaller

Simon effects on the Simon task in the bilingual group compared to the monolingual group.
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S1H2: If the “favorable” impact of bilingualism extends to other areas of executive functioning,
then the bilingual group will significantly outperform the monolingual group on the spatial
working memory task. This will be reflected by higher scores on the Backwards Corsi Block task

in the bilingual group compared to the monolingual group.

Study 2: Neurotypical vs. Autistic Children
The second study has several purposes, with the first being a demonstration of the

ability of autistic children in middle childhood to complete the selected inhibition and spatial
working memory tasks. Additionally, this study aims to provide further support for executive
function differences between neurotypical and autistic children by comparing inhibition and
spatial working memory task performance between neurotypical and autistic children using t-

tests.

Hypotheses.
S2H1: If autism is associated with executive dysfunction in inhibitory control, then the

neurotypical group will significantly outperform the autistic group on the inhibition task. This
will be reflected by smaller Simon effects on the Simon task in the neurotypical group compared
to the autistic group.

S2H2: If autism is associated with executive dysfunction in spatial working memory, then the
neurotypical group will significantly outperform the autistic group on the spatial working
memory task. This will be reflected by higher scores on the Backwards Corsi Block task in the

neurotypical group compared to the autistic group.
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Study 3: Bilingual Autistic vs. Monolingual Autistic Children
The third and final study will test the potential interaction between bilingualism and
autism on cognitive development by comparing inhibition and spatial working memory task
performance between monolingual-autistic children and bilingual-autistic children, using t-tests.
Exploratory correlation analyses will also be conducted to investigate relations between
characteristics of bilingual language experience (from the cLEAP-Q) and performance on the

Simon Task and Backward Corsi Block Task and overall scores on the BRIEF-2.

Hypotheses.
S3H1: If bilingualism acts as a “protective factor” against autism-related deficiencies in

inhibitory control, then the bilingual group will significantly outperform the monolingual group
on the inhibition task. This will be reflected by smaller Simon effects on the Simon task in the
bilingual group compared to the monolingual group.

S3H2: If the “protective factor” of bilingualism in those with autism extends to other areas of
executive functioning, then the bilingual group will significantly outperform the monolingual
group on the spatial working memory task. This will be reflected by higher scores on the
Backwards Corsi Block task in the bilingual group compared to the monolingual group.

S3H3: If the “protective factor” of bilingualism extends more broadly to executive functioning in
general, then the bilingual group will exhibit significantly lower levels of executive dysfunction
on the BRIEF-2 compared to the monolingual group. This will be reflected by lower Global

Executive Composite scores on the BRIEF-2 in the bilingual group compared to the monolingual

group.
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Results

Data collection for Study 2 and 3 are still ongoing, so the following results and discussion
only pertain to Study 1.

Participants (N = 25) ranged between 18 and 29 years old, with an average of 21.6 years
old (SD = 1.98). Within the monolingual group (n = 12), participants were an average of 21.3
years old (SD = 1.37), while the bilingual group (n = 13) was 21.8 years old on average (SD =
2.44). Seven of the participants identified “Male” as their sex assigned at birth, with the other
18 participants identified as “Female.” Four participants were of Hispanic, Latino, or Spanish
origin, 12 identified as Asian, 5 identified as Black or African American, and 10 identified as
White. Across all participants, 19 indicated that their native (first) language was English, while
the other 6 participants reported a non-English native language. Three participants specified
that they also had a second native language, meaning they learned their first two languages
simultaneously (see Table 1 for demographic and language characteristics).

Table 1
Demographic Characteristics by Language Group

Bilingual (N=13) Monolingual (N=12) Total (N=25)
M (SD) M (SD) M (SD)
Age (years) 21.80 (2.44) 21.30 (1.37) 21.60 (1.98)
Gender (% female) 61.50% (N = 8) 83.30% (N = 10) 72.00% (N = 25)
Race/Ethnicity Asian (N =10) Asian (N =2) Asian (N =12)
Black or African American Black or African American Black or African American
(N=1) (N=4) (N=5)
White (N =2) White (N = 8) White (N = 10)
Hispanic, Latino, or Spanish  Hispanic, Latino, or Spanish  Hispanic, Latino, or Spanish
Origin Origin Origin
(N=1) (N=3) (N=4)
English Age of Acquisition 5.08 (4.48) 0.75 (1.06) 3.00 (3.93)
(years)
English Exposure (%) 58.00 (18.06) 92.58 (11.15) 74.60 (23.04)
English Speaking 8.85(1.14) 10.00 (0.00) 9.40 (1.00)

Proficiency (0-10)
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English Understanding 9.23 (0.83) 10.00 (0.00) 9.60 (0.71)
Proficiency (0-10)

English Combined Speaking  9.04 (0.95) 10.00 (0.00) 9.50 (0.83)
& Understanding
Proficiency (0-10)

Non-English Age of 1.15 (2.03) 7.90 (4.86) 4.09 (4.86)
Acquisition

(years)

Non-English Exposure (%) 28.77 (15.56) 5.57 (8.44) 17.63 (17.14)
Non-English Speaking 9.31 (1.11) 3.67 (2.39) 6.60 (3.39)
Proficiency (0-10)

Non-English Understanding  9.46 (0.97) 4.83 (3.10) 7.24 (3.23)
Proficiency (0-10)

Non-English Combined 9.38 (1.02) 4.25(2.62) 6.92 (3.25)

Speaking & Understanding
Proficiency (0-10)

Simon Task
As a group, participants showed a significant Simon Effect in both reaction time, t(48) = -

2.27, p <.05; d=0.62 (medium), and accuracy, t(48) = 3.42, p < .05; d = 0.95 (large), with shorter
average reaction times and higher average accuracy in the Congruent condition (see Figures 1-4
and Table 2). Additionally, there were no significant differences observed between the two
versions of the Simon Task in either average condition reaction time or accuracy (ps > .3).

Figure 1

Congruent vs. Incongruent Trial Reaction Times
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Note. Average congruent trial and average incongruent trial reaction times for correct trials in
seconds. Error bars = standard error of the mean.
Figure 2

Congruent vs. Incongruent Trial Accuracy
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Note. Average congruent trial and average incongruent trial accuracy in percentage. Error bars =
standard error of the mean.
Table 2

Simon Task Performance

Bilingual Monolingual Total (N=25) Group Group
(N=13) (N=12) M (SD) Difference Difference
M (SD) M (SD) t p-value
Congruent Trial  0.44 (0.07) 0.48 (0.07) 0.46 (0.07) 1.38 0.18
RT
(seconds)
Incongruent 0.50 (0.08) 0.52 (0.10) 0.51 (0.09) 0.56 0.58
Trial RT
(seconds)
RT Simon Effect 0.06 (0.02) 0.04 (0.06) 0.05 (0.04) -0.95 0.36
(seconds)
Congruent Trial  99.00 (3.00) 98.00 (3.00) 98.00 (3.00) -0.55 0.59
Accuracy (%)
Incongruent 91.00 (11.00) 86.00 (16.00) 89.00 (13.00) -0.83 0.42

Trial Accuracy
(%)
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Accuracy Simon 8.00 (9.00) 11.00 (13.00) 9.00 (11.00) 0.84 0.41
Effect (%)
Note. RT = Reaction Time

Figure 3

Reaction Time Simon Effect Distribution
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Note. Reaction time Simon Effect scores in seconds across all participants. Reaction time Simon
effects were calculated by subtracting participants’ reaction time on the congruent trials from
the incongruent trials.

Figure 4

Accuracy Simon Effect Distribution
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Note. Accuracy Simon Effect scores in proportion of correct selections across all participants.
Accuracy Simon Effects were calculated by subtracting participants’ accuracy in responding on

the incongruent trials from the accuracy responding on the congruent trials.
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Backwards Corsi Block Task
Across the entire Backwards Corsi Block Task, participants answered an average of 13.75

trials correctly out of 20 total trials (see Table 3). Within each set-size (3, 4, 5, and 6)
participants showed progressively worse accuracy as the set-size increased. Specifically,
participants correctly answered on significantly more trials with the smaller vs. larger set sizes,
with an average of 9 correct trials during the first two blocks and an average of 4.83 correct
trials during the last two blocks, t(46) = 8.35, p < .05; d = 2.41 (large). Additionally, there were
no significant differences in overall average score observed between the two versions of the
Backwards Corsi Block task (p = .90).

Table 3

Backwards Corsi Block Task Performance by Language Group

Bilingual Monolingual Total (N=24) Group Group
(N=12) (N=12) M (SD) Difference  Difference
M (SD) M (SD) t p-value
First Block 4.83 (0.58) 4.58 (0.79) 4.71 (0.69) -0.88 0.39
Score
(0-5)
Second Block 4.0 (0.60) 4.58 (0.51) 4.29 (0.62) 2.55 0.02
Score
(0-5)
Third Block 3.25 (0.60) 3.42 (1.38) 3.33 (1.46) 0.27 0.79
Score
(0-5)
Fourth Block 1.17 (1.11) 1.83 (1.40) 1.50 (1.29) 1.29 0.21
Score
(0-5)
Early Block 8.83(0.83) 9.17 (1.03) 9.0(0.93) 0.87 0.39
Scores
(0-10)
Late Block 4.42 (2.02) 5.25 (2.49) 4.83 (2.26) 0.90 0.38
Scores

(0-10)
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Overall Score 13.25(2.70) 14.42 (3.42) 13.83 (3.07) 0.93 0.36
(0-20)
Note. One bilingual participant’s results were removed due to not meeting the minimum

threshold of answering at least 2 of the first five sequences correctly. “Early Block” would be the
first and second blocks while “Late Block” would be the third and fourth blocks.
Figure 5

Backwards Corsi Block Score Distribution

Backwards Corsi Block Score

Note. Number of correctly answered trials on Backwards Corsi Block across all participants.

Group Comparisons

Simon Task
Within each group, both monolinguals and bilinguals showed a Simon Effect in accuracy,

t(22) =2.52, p<.05; d =1.36 and t(24) = 2.29, p < .05; d = .90, respectively. Both the effect size
for the monolingual accuracy comparison (d = 1.36) and for the bilingual accuracy comparison
(d = .90) were found to exceed the Cohen’s (1988) convention for a large effect (d = .8).
However, neither the monolingual or the bilinguals showed a Simon Effect in reaction time,
t(22) =-1.20, p > .05; d = .49 and t(24) = -2.06, p = .0504; d = .81, respectively, although the
effect sizes were moderate to large and the p-value for bilinguals was only marginally greater
than the .05 threshold. Across groups, there were no significant differences in the magnitude of

the Simon Effect in reaction time, t(23) =-.95, p > .05; d = .34 (see Figure 6), or in accuracy, t(23)
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=.84, p > .05; d = .39 (see Figure 7). Both the effect size for the reaction time Simon effect
comparison (d = .34) and for the accuracy Simon effect comparison (d = .39) were found to meet
the Cohen’s (1988) convention for a small effect (d = .2).

Figure 6

Average Reaction Time Simon Effect by Language Group
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Note. Average reaction time Simon Effect scores in seconds across each language group.
Reaction time Simon effects were calculated by subtracting participants’ reaction time on the
congruent trials from the incongruent trials. Determining participants’ monolingual/bilingual
status was made based on responses on the LEAP-Q, with specific criteria specified above. Error
bars = standard error of the mean.

Figure 7

Average Accuracy Simon Effect by Language Group
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Note. Average accuracy Simon Effect scores in proportion of correct selections across each
language group. Accuracy Simon Effects were calculated by subtracting participants’ accuracy in
responding on the incongruent trials from the accuracy responding on the congruent trials.
Determining participants’ monolingual/bilingual status was made based on responses on the
LEAP-Q, with specific criteria specified above. Error bars = standard error of the mean.
Backwards Corsi Block Task

Within each group, both monolinguals and bilinguals answered significantly more
correct trials in the early blocks (first and second), than the later blocks (third and fourth), t(22)
=5.03, p<.05; d =2.05 (large) and t(22) = 6.99, p < .05; d = 2.86 (large), respectively. Across
groups, there were no significant differences in the number of correctly answered trials on the
Backwards Corsi Block, t(22) = 0.93, p > .05; d = .38 (see Figure 8). Error bars = standard error of
the mean.
Figure 8

Average Backwards Corsi Block Score by Language Group

Mean Backwards Corsi Block
Scores

Monolingual Bilingual
Language Group

Note. Average number of correctly answered trials on Backwards Corsi Block across each
language group. Determining participants’ monolingual/bilingual status was made based on

responses on the LEAP-Q, with specific criteria specified above.
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Language Experience Factors Exploratory Correlations

Correlation analyses were conducted between several response categories on the LEAP-
Q and performance on each of the executive function measures using Bonferroni adjusted alpha
levels of .0167 per test (.05/3). Second language age of acquisition, as self-reported on the
LEAP-Q, was not found to be correlated with the Simon Effect in reaction time, r(21)
=.22, p = .31, the Simon Effect in accuracy, r(21) = .05, p = .83, or scores on the Backwards Corsi
Block Task, r(20) = .33, p = .13. Second language “current exposure” (as defined as the self-
reported percentage of time currently exposed to the second language) was also not found to
be correlated with the Simon Effect in reaction time, r(23) = .27, p = .19, the Simon Effect in
accuracy, r(23) =.12, p = .58, or scores on the Backwards Corsi Block Task, r(22) = .32, p = .12.
The same pattern was also found with second language combined speaking and understanding
proficiency, as no significant correlations were found with the Simon Effect in reaction time,
r(23) = .41, p = .04, the Simon Effect in accuracy, r(23) = .01, p = .96, or scores on the Backwards

Corsi Block Task, r(22) = .21, p = .33.

Discussion
Despite relatively mixed findings regarding favorable effects of bilingualism on executive
functioning skills, there is still a robust foundation of studies that provide both theoretical and
experimental evidence to suggest that young bilinguals may possess superior executive function
skills to young monolinguals (e.g., Bialystok et al., 2014; Carlson & Meltzoff, 2008; Yurtsever et

al., 2023; Park et al., 2018; Chung-Fat-Yim et al., 2018) and that this effect could carry on into



EFFECTS OF BILINGUAL-AUTISM INTERACTION 23

adulthood. We aimed to replicate these findings in young adults, and in particular, with

inhibitory control and spatial working memory skills.

Simon Task Findings
With this foundation of literature in mind, the first hypothesis was that the nature of

bilingual language experience in comparison to that of monolinguals would lead to superior
inhibitory control skills, exhibited on a Simon Task. Although within each group participants did
not show a significant Simon effect in reaction time, both groups did show a Simon effect in
accuracy. This provides validation that the Simon Task designed for this study is capable of
capturing individual differences in inhibitory control skills. In line with the prediction,
numerically bilinguals answered quicker and more accurately than monolinguals on both
incongruent and congruent trials, however, inconsistent to the prediction, there were no
significant differences between groups. To investigate the possibility that the null effects could
be attributed to the overall faster reaction times displayed by the bilingual group, Simon Effects
that were normalized over average overall reaction time were computed and compared
between groups. In comparing these normalized Simon Effects, again, no significant differences

between the monolingual and bilingual groups were found.

Backwards Corsi Block Task Findings
Research documenting favorable effects of bilingualism on spatial working memory are

more limited than research on inhibitory control, however, studies have highlighted positive
relations between inhibitory control and spatial working memory (e.g., Beattie et al., 2018).
Given this relation, in the second hypothesis it was predicted that the bilingual group would
have significantly higher spatial working memory skills than the monolingual group, as exhibited

on a Backwards Corsi Block Task. Both the monolingual group and the bilingual group
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performed significantly better on the early trials with less locations to remember than the later
trials with more locations to remember, suggesting that, as intended, spatial working memory
load increased over the course of the task and the task was capable of characterizing individual
differences in spatial working memory skill. Contrary to the prediction, the monolingual
participants had a numerically higher average number of correct responses as compared to the
bilingual group, although this difference was not significant.

In this study participants were only rewarded a point if they responded to a sequences
that was fully in the correct order. However, in other studies, participants are rewarded points
for each individual selection they make correctly within a trial. The approach used in the
current study reduced the variability in scoring in that responses that are only one selection
away from being completely correct are treated as the same as responses with no correct
selections, even if they demonstrate different levels of spatial working memory capability. To
evaluate the impact of these different scoring methods, performance on the Backwards Corsi
Block Task was rescored based on the alternative method used in prior studies, with each
individual selection being scored rather than each trial as a whole. With this alternative scoring
method, again, no significant differences between the monolingual and bilingual groups were

found.

Second Language Experience in ‘Monolingual’ Participants
While the observed pattern of results is inconsistent with the study predictions, the

findings are consistent with several other prior studies showing no significant differences in
executive functioning between monolinguals and bilinguals (for a review see Lehtonen et al.,
2018 for adults; Lowe et al., 2021 for children). It may be the case that bilingual language

experience has no meaningful impact on executive functioning skills in young adulthood,
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however, it is also possible that the specific demographic profiles of the participants in the
current study additionally contributed to the null findings. All of the participants apart from two
in the current study indicated that they had had prior experience with another language. Thus,
although 12 participants were considered “monolingual”, a majority of those participants have
had prior language training. If bilingual language experience does indeed positively impact
executive functioning skills, then these “monolinguals” with language learning experience could
have accrued some of that positive impact as well. This would lead to no (or smaller) differences
between the groups, as was seen in the present work. The high degree of second-language
exposure in the “monolingual” group in the present work was partially driven by the fact that a
relatively strict criteria was used for bilingualism. That is, in order to be considered “bilingual”
participants had to report an average speaking proficiency of 7 or greater in two languages.
Other work that has used a similarly strict criteria has also failed to find significant language
group differences in executive functioning (e.g., Duiabeitia et al., 2014; Colzato et al., 2008;
Flavin, 2020). Flavin (2020) set a very high criteria for qualifying as bilingual, only qualifying
individuals who attested to having at least a 70% proficiency rate in their second language. In
line with the findings of this study, Flavin (2020) found no significant differences between
bilinguals and “monolinguals” in working memory. On the other hand, but still consistent with
this interpretation, other studies that have set less strict criteria have found significant
differences (e.g., Antdn et al., 2019; Chung-Fat-Yim et al., 2019). Chung-Fat-Yim et al. (2019)
tested potential inhibitory control differences between monolingual and bilingual adolescents.

Participants were determined to be monolinguals when they reported less than 25% speaking
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and writing proficiency in a second language in. In this study, significant group differences were
found with bilinguals showing stronger inhibitory control skills.

This idea that even moderate amounts of training in a second language could
accumulate executive function benefits and lead to ‘monolinguals’ performing relatively
similarly on executive function tasks to ‘bilinguals’ is reinforced by the work of Durand Lépez
(2021). Durand Loépez (2021) explored executive function differences in college-aged
monolinguals, intermediate second language learners, advanced second language learners,
simultaneous bilinguals, and multilinguals. Criteria for the intermediate second language
learners were ratings of 4-8 on a ten-point scale for second language speaking, listening, and
reading. In this current study, the criteria for bilinguals was a 7 on the LEAP-Q eleven-point scale
for second language speaking, which means that a large proportion of ‘intermediate second
language learners’ in Durand Lépez (2021) would have been considered monolingual in this
study. On the spatial working memory tasks, intermediate second language learners significantly
outperformed monolinguals, suggesting that even moderate amounts of second language
training could accumulate executive function advantages.

Taken together, these previous studies clearly demonstrate that the criteria used for
‘monolingualism’ and ‘bilingualism’ is a significant contributing factor as even slight experience
with a second language without achieving complete fluency may have an impact on executive
function skills. Future research that has more robust samples should consider a more nuanced
classification of language groups, in line with the work of Durand Lépez (2021), to better

understand the influence of bilingual language experience on executive functioning skills.
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Ceiling Effect
Another demographic factor that may have impacted the findings in this study is that

young adulthood is known to be a time in which executive functioning skills peak. Given that all
of the participants in this study were young adults there may have been a “ceiling effect” in
executive functioning skills. While in the current study there was not a “numerical” ceiling effect
on any of the tasks, this explanation could still apply from a theoretical perspective. That is,
given that we know that young adults are at their peak in their executive functioning abilities, it
is possible that there is no room left for bilingual experience to further contribute to individual
differences at this age. This does not mean that there will be no variability in these skills (as
would be reflected by numerical ceiling effects), but rather that the contributing factors to that
variability may be different in this age range. This potential explanation is consistent with
previous work comparing inhibitory control skills in samples ranging from childhood to later
adulthood. Bialystok et al. (2005) found that the bilingual vs. monolingual differences, with
superior performance among the bilinguals, was present in children, adulthood, and later
adulthood, but not the young adult/college-age samples. Bialystok and colleagues reasoned
that the lack of differences in this young adult sample was due to participants in this sample
reaching a ceiling effect in inhibitory control, leaving no room for any positive effect on their
inhibition skills (for similar evidence of ceiling effect in inhibitory control see also Enge et al.,
2014; Bilaystok et al., 2004).

A similar relation was also found by Bialystok et al. (2014), who measured spatial
working memory as well as inhibitory control skills among college-aged and older adult-aged
mono- and bilinguals. Their results revealed that for both the inhibitory control and spatial

working memory measures, the older bilinguals demonstrated a significantly higher bilingual
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advantage than the younger bilinguals. These findings, coupled with evidence from Hale et al.
(2011) that illustrates a significant decline in spatial working memory skills from age 20 and
onwards, indicates the suggestion of a ceiling effect in young adulthood for spatial working
memory, in addition to the ceiling effect for inhibitory control as proposed by Bialystok et al.
(2005).

If there is a ceiling effect for both inhibitory control and spatial working memory in
college-aged young adults, this could explain the lack of significant differences in executive
function skills for the monolingual and bilinguals groups in the current study, especially
considering the high scores of all participants collectively the task, particularly on the Simon

task.

Limitations
Reflecting on the first study, there are several aspects of both the sample recruited and

details of the executive function tasks that may limit the internal and external validity of the
study. Firstly, regarding the sample of participants, beyond the already mentioned issues of
group criteria and age, there is a lack of representation in both language history and
demographics. A large proportion of the participants had experience with Mandarin in
particular, which is not representative of the broader bilingual community. This dominance of
Mandarin experience in the bilingual participants is also relevant because the overlap of
Mandarin with English is very little, which is a factor shown to be impactful on executive
function skills (e.g., Barac & Bialystok, 2012). Given that all of the participants were either
recruited from liberal college/university communities, all of the participants had very similar
levels of education experience, which means the sample has a lack of diversity in terms of

education, and possibly socioeconomic status, another factor shown to be influential in the
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development of executive function skills (for a review see Lawson et al., 2018). Another
significant limitation is the lack of a substantial sample size for either the monolingual or
bilingual group, with only 12 monolingual participants and 13 bilingual participants. Small
sample sizes results in low power to detect potential groups differences, as evidenced by several
moderate to large effect sizes in the current study, there are likely some patterns of results that

were not able to be captured in the present work.

Implications
The broader quandary of exploring potential executive functioning differences between

monolingual and bilingual children with autism was based on evidence from several studies of
favorable bilingual impacts on executive function and particularly inhibitory control, and the
evidence from several studies of executive dysfunction, particularly with spatial working
memory, in children with autism. On face value, this current study’s null findings not only
contradict these previous studies indicating the favorable bilingual impacts on executive
function but may be taken as evidence that Study 2 and 3 are not worthwhile efforts. However,
as laid out in the previous sections, there is substantial reason to believe that the lack of
differences between the monolingual and bilingual groups in Study 1 may have been driven by
demographic factors that would not be (or could be made not) relevant to Study 2 and 3. In the
case of attributing the results to the presence of second language experience in ‘monolinguals’,
findings from this study add to the growing body of research on the effect of even moderate
amounts of language learning on cognitive development and specifically executive functioning.
To account for this finding, in Study 3, the criteria for bilingualism could be adjusted to better

represent the nuanced relation between second-language experience and variability in
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executive functioning skills. Attributing the results to ceiling effects in college-aged individuals

would not impact Study 2 and 3, as in both cases the focus is on middle childhood.

Conclusion
The lack of significant differences between the monolingual and bilingual adult

participants on the Simon Task and the Backwards Corsi Block Task in Study 1, implies that these
two groups do not differ in inhibitory control or spatial working memory skills. In theory, this
would align with the previous research that suggests that there is not a bilingual “advantage” in
executive function skills, or at least in specifically inhibitory control and spatial working memory
skills in early adulthood. This interpretation would certainly lay doubt on the motivation for
Study 3 because if there is no bilingual “advantage,” there would be no mechanism to moderate
the theorized executive dysfunction in autism as hypothesized. However, as mentioned above, it
is believed that the lack of significant differences can be explained by the level of second
language exposure in the monolingual participants and/or the potential of a ceiling effect in
executive function skills in young adults. If the results are able to be attributed to either of these
explanations, it would not contradict the bilingual “advantage” theory and instead would serve
as evidence for the concept that any level of second language training can accumulate executive
function benefits or for the concept that the bilingual “advantage” in executive is dependent on
the stage of development. In addition, it would not cast doubt on the justifications for the
subsequent studies, and if anything, testing these relations in children in Study 2 and 3 has the

ability to allow one to start to tease apart the influence of these potential contributing fact



EFFECTS OF BILINGUAL-AUTISM INTERACTION 31

References

Anton E, Carreiras M, Dufiabeitia JA (2019) The impact of bilingualism on executive functions
and working memory in young adults. PLoS ONE 14(2): e0206770.
https://doi.org/10.1371/journal.pone.0206770

Ardila, A., & Ramos, E. (Eds.). (2007). Speech and language disorders in bilinguals (p. 215).
Nova Science Publishers.

Barac, R., & Bialystok, E. (2012). Bilingual effects on cognitive and linguistic development:
Role of language, cultural background, and education. Child Development, 83(2), 413—

422, https://doi.org/10.1111/j.1467-8624.2011.01707.x

Beattie, H. L., Schutte, A. R., & Cortesa, C. S. (2018). The relationship between spatial working
memory precision and attention and inhibitory control in young children. Cognitive

Development, 47, 32—45. https://doi.org/10.1016/j.cogdev.2018.02.002

Bialystok, E., Craik, F. I. M., Klein, R., & Viswanathan, M. (2004). Bilingualism, aging, and
cognitive control: Evidence from the simon task. Psychology and Aging, 19(2), 290-303.
https://doi.org/10.1037/0882-7974.19.2.290

Bialystok, E., Martin, M. M., & Viswanathan, M. (2005). Bilingualism across the lifespan: The
rise and fall of inhibitory control. International Journal of Bilingualism, 9(1), 103-

119. https://doi.org/10.1177/13670069050090010701

Bialystok, E., Poarch, G., Luo, L., & Craik, F. I. M. (2014). Effects of bilingualism and aging on
executive function and working memory. Psychology and aging, 29(3), 696—705.
https://doi.org/10.1037/a0037254

Carlson, Stephanie M., Philip David Zelazo, and Susan Faja, 'Executive Function', in Philip


https://doi.org/10.1111/j.1467-8624.2011.01707.x
https://doi.org/10.1016/j.cogdev.2018.02.002
https://doi.org/10.1177/13670069050090010701

EFFECTS OF BILINGUAL-AUTISM INTERACTION 32

David Zelazo (ed.), The Oxford Handbook of Developmental Psychology, Vol. 1: Body and
Mind, Oxford Library of Psychology (2013; online edn, Oxford Academic, 16 Dec.

2013), https://doi.org/10.1093/oxfordhb/9780199958450.013.0025, accessed 11 Jan.

2024.

Christ, S. E., Kanne, S. M., & Reiersen, A. M. (2010). Executive function in individuals with
subthreshold autism traits. Neuropsychology, 24(5), 590.

Chung-Fat-Yim, A., Himel, C., & Bialystok, E. (2019). The impact of bilingualism on executive
function in adolescents. The international journal of bilingualism : cross-disciplinary,
cross-linguistic studies of language behavior, 23(6), 1278-1290.

https://doi.org/10.1177/1367006918781059

Colzato, L. S., Bajo, M. T., Van den Wildenberg, W., Paolieri, D., Nieuwenhuis, S., La Heij, W.,
& Hommel, B. (2008). How does bilingualism improve executive control? A comparison
of active and reactive inhibition mechanisms. Journal of Experimental Psychology:
Learning, Memory, and Cognition, 34(2), 302.

Crivello, C., Kuzyk, O., Rodrigues, M., Friend, M., Zesiger, P., & Poulin-Dubois, D. (2016). The
effects of bilingual growth on toddlers' executive function. Journal of experimental child

psychology, 141, 121-132. https://doi.org/10.1016/].jecp.2015.08.004

Cui, J., Gao, D., Chen, Y., Zou, X., & Wang, Y. (2010). Working memory in early-school-age
children with Asperger’s syndrome. Journal of autism and developmental disorders, 40,
958-967.

Degirmenci, M. G., Grossmann, J. A., Meyer, P., & Teichmann, B. (2022). The role of


https://doi.org/10.1093/oxfordhb/9780199958450.013.0025
https://doi.org/10.1177/1367006918781059
https://doi.org/10.1016/j.jecp.2015.08.004

EFFECTS OF BILINGUAL-AUTISM INTERACTION 33

bilingualism in executive functions in healthy older adults: A systematic
review. International Journal of Bilingualism, 26(4), 426-449.
Demetriou, E. A., Lampit, A., Quintana, D. S., Naismith, S. L., Song, Y. J., Pye, J.E., ... &
Guastella, A. J. (2018). Autism spectrum disorders: a meta-analysis of executive function.
Molecular psychiatry, 23(5), 1198-1204.
Diamond A. (2020). Executive functions. Handbook of clinical neurology, 173, 225-240.

https://doi.org/10.1016/B978-0-444- 64150-2.00020-4

Dietrich, S., & Hernandez, E. (2022). Language Use in the United States: 2019 (American
Community Survey Reports). United States Census Bureau.

https://www.census.gov/content/dam/Census/library/publications/2022/acs/acs-50.pdf

Dunabeitia, J. A., Hernandez, J. A., Anton, E., Macizo, P., Estévez, A., Fuentes, L. J., & Carreiras,
M. (2014). The inhibitory advantage in bilingual children revisited. Experimental
psychology.

Durand Lopez, E. M. (2021). A bilingual advantage in memory capacity: Assessing the roles of
proficiency, number of languages acquired and age of acquisition. International Journal
of Bilingualism, 25(3), 606-621.

Enge, S., Behnke, A., Fleischhauer, M., Kittler, L., Kliegel, M., & Strobel, A. (2014). No
evidence for true training and transfer effects after inhibitory control training in young
healthy adults. Journal of Experimental Psychology: Learning, Memory, and
Cognition, 40(4), 987.

Flavin, N. (2020). Bilingual/multilingual advantage: Is early bilingualism/multilingualism


https://doi.org/10.1016/B978-0-444-%2064150-2.00020-4
https://www.census.gov/content/dam/Census/library/publications/2022/acs/acs-50.pdf

EFFECTS OF BILINGUAL-AUTISM INTERACTION 34

associated with an advantage in working memory in adults [Other, Dublin, National
College of Ireland]. https://norma.ncirl.ie/4824/

Genesee, F. (2009). Early childhood bilingualism: Perils and possibilities. Journal of Applied
Research on Learning, 2(2), 1-21.

Geurts, H. M., Van Den Bergh, S. F. W. M., & Ruzzano, L. (2014). Prepotent response inhibition
and interference control in autism spectrum disorders: Two meta-analyses. Autism

Research, 7(4), 407-420. https://doi.org/10.1002/aur.1369

Geurts, H. M., Verté, S., Oosterlaan, J., Roeyers, H., & Sergeant, J. A. (2004). How specific are
executive functioning deficits in attention deficit hyperactivity disorder and
autism?. Journal of child psychology and psychiatry, 45(4), 836-854.

Gilbert, S. J., & Burgess, P. W. (2008). Executive function. Current biology, 18(3), R110-R114.

Gilotty, L., Kenworthy, L., Sirian, L., Black, D. O., & Wagner, A. E. (2002). Adaptive skills and
executive function in autism spectrum disorders. Child Neuropsychology, 8(4), 241-248.

https://doi.org/10.1076/chin.8.4.241.13504

Gioia, G. A, Isquith, P. K., Guy, S. C., & Kenworthy, L. (2000). Behavior rating inventory of
executive function: BRIEF. Odessa, FL: Psychological Assessment Resources.

Grosjean, F. (2010). Bilingual: Life and reality. Harvard university press.

Habib, A., Harris, L., Pollick, F., & Melville, C. (2019). A meta-analysis of working memory in
individuals with autism spectrum disorders. PLOS ONE, 14(4), e0216198.

https://doi.org/10.1371/journal.pone.0216198

Hale, S., Rose, N. S., Myerson, J., Strube, M. J., Sommers, M., Tye-Murray, N., & Spehar, B.


https://doi.org/10.1002/aur.1369
https://doi.org/10.1076/chin.8.4.241.13504
https://doi.org/10.1371/journal.pone.0216198

EFFECTS OF BILINGUAL-AUTISM INTERACTION 35

(2011). The structure of working memory abilities across the adult life span. Psychology

and aging, 26(1), 92—-110. https://doi.org/10.1037/20021483

Hartanto, A., & Yang, H. (2020). The role of bilingual interactional contexts in predicting
interindividual variability in executive functions: A latent variable analysis. Journal of
Experimental Psychology: General, 149(4), 609.

Hill, E. L. (2004a). Evaluating the theory of executive dysfunction in autism. Developmental
Review, 24(2), 189-233. https://doi.org/10.1016/j.dr.2004.01.001

Hill, E. L. (2004b). Executive dysfunction in autism. Trends in Cognitive Sciences, 8(1), 26-32.

https://doi.org/10.1016/].tics.2003.11.003

Hughes, C., Russell, J., & Robbins, T. W. (1994). Evidence for executive dysfunction in
autism. Neuropsychologia, 32(4), 477-492.

larocci, G., Hutchison, S. M., & O’Toole, G. (2017). Second language exposure, functional
communication, and executive function in children with and without autism spectrum
disorder(Asd). Journal of Autism and Developmental Disorders, 47(6), 1818—1829.
https://doi.org/10.1007/s10803-017-3103-7

Jiang, Y. V., Capistrano, C. G., & Palm, B. E. (2014). Spatial working memory in children with
high-functioning autism: Intact configural processing but impaired capacity. Journal of

Abnormal Psychology, 123(1), 248-257. https://doi.org/10.1037/a0035420

King, M., & Bearman, P. (2009). Diagnostic change and the increased prevalence of
autism. International Journal of Epidemiology, 38(5), 1224-1234.

https://doi.org/10.1093/ije/dyp261

Koshino, H., Kana, R. K., Keller, T. A., Cherkassky, V. L., Minshew, N. J., & Just, M. A. (2008).


https://doi.org/10.1037/a0021483
https://doi.org/10.1016/j.tics.2003.11.003
https://psycnet.apa.org/doi/10.1037/a0035420
https://doi.org/10.1093/ije/dyp261

EFFECTS OF BILINGUAL-AUTISM INTERACTION 36

fMRI investigation of working memory for faces in autism: visual coding and
underconnectivity with frontal areas. Cerebral cortex, 18(2), 289-300.

Lawson, G. M., Hook, C. J., & Farah, M. J. (2018). A meta-analysis of the relationship between
socioeconomic status and executive function performance among children.

Developmental science, 21(2), 10.1111/desc.12529. https://doi.org/10.1111/desc.12529

Lee Salvatierra, J., & Rosselli, M. (2011). The effect of bilingualism and age on inhibitory
control. International Journal of Bilingualism, 15(1), 26-37.

Lehtonen, M., Soveri, A., Laine, A. et al. (3 more authors) (2018) Is bilingualism associated with
enhanced executive functioning in adults? A meta-analytic review. Psychological Bulletin.
pp. 394-425. ISSN 0033-2909

Li, H., Oi, M., Gondo, K., & Matsui, T. (2017). How does being bilingual influence children
with autism in the aspect of executive functions and social and communication
competence?. Journal of Brain Science, 47, 21-49.

Lowe, C. J., Cho, I, Goldsmith, S. F., & Morton, J. B. (2021). The bilingual advantage in children’s
executive functioning is not related to language status: A meta-analytic
review. Psychological science, 32(7), 1115-1146.

Luk, G., De Sa, E. R. I. C., & Bialystok, E. (2011). Is there a relation between onset age of
bilingualism and enhancement of cognitive control?. Bilingualism: Language and
cognition, 14(4), 588-595.

Luna, B., Doll, S. K., Hegedus, S. J., Minshew, N. J., & Sweeney, J. A. (2007). Maturation of
executive function in autism. Biological Psychiatry, 61(4), 474—-481.

https://doi.org/10.1016/j.biopsych.2006.02.030



https://doi.org/10.1111/desc.12529
https://doi.org/10.1016/j.biopsych.2006.02.030

EFFECTS OF BILINGUAL-AUTISM INTERACTION 37

Macizo, P., Soriano, M. F., & Paredes, N. (2016). Phonological and visuospatial working
memory in autism spectrum disorders. Journal of autism and developmental
disorders, 46, 2956-2967.

Marian, V., Blumenfeld, H. K., & Kaushanskaya, M. (2007). The language experience and
proficiency questionnaire (Leap-q): Assessing language profiles in bilinguals and
multilinguals. Journal of Speech, Language, and Hearing Research, 50(4), 940-967.

https://doi.org/10.1044/1092-4388(2007/067)

Matson, J. L., & Kozlowski, A. M. (2011). The increasing prevalence of autism spectrum
disorders. Research in Autism Spectrum Disorders, 5(1), 418-425.

https://doi.org/10.1016/j.rasd.2010.06.004

Milner B. (1971). Interhemispheric differences in the localization of psychological processes in
man. British medical bulletin, 27(3), 272-277.

https://doi.org/10.1093/oxfordjournals.bmb.a070866

Nadig, A. S., & Gonzalez-Barrero, A. M. (2019). Proficient bilingualism may alleviate some
executive function difficulties in children with autism spectrum disorders. Bilingualism,
executive function, and beyond. Questions and insights, 337-353.

Nakahachi, T., Iwase, M., Takahashi, H., Honaga, E., Sekiyama, R., Ukai, S., ... & Takeda, M.
(2006). Discrepancy of performance among working memory-related tasks in autism
spectrum disorders was caused by task characteristics, apart from working memory,
which could interfere with task execution. Psychiatry and clinical neurosciences, 60(3),
312-318.

Nguyen, M. V., Hutchison, L. A., Norvell, G., Mead, D. L., & Winsler, A. (2023). Degree of


https://doi.org/10.1044/1092-4388(2007/067)
https://doi.org/10.1016/j.rasd.2010.06.004
https://doi.org/10.1093/oxfordjournals.bmb.a070866

EFFECTS OF BILINGUAL-AUTISM INTERACTION 38

bilingualism and executive function in early childhood. Language and Cognition, 1-23.
O’Hearn, K., Asato, M., Ordaz, S., & Luna, B. (2008). Neurodevelopment and executive
function in autism. Development and Psychopathology, 20(4), 1103—-1132.

https://doi.org/10.1017/S0954579408000527

Park, J., Ellis Weismer, S., & Kaushanskaya, M. (2018). Changes in executive function over time
in bilingual and monolingual school-aged children. Developmental Psychology, 54(10),
1842.

Peristeri, E., Baldimtsi, E., Andreou, M., & Tsimpli, I. M. (2020). The impact of bilingualism on
the narrative ability and the executive functions of children with autism spectrum
disorders. Journal of Communication Disorders, 85, 105999.

Poulin-Dubois, D., Blaye, A., Coutya, J., & Bialystok, E. (2011). The effects of bilingualism on
toddlers’ executive functioning. Journal of Experimental Child Psychology, 108(3), 567—
579. https://doi.org/10.1016/j.jecp.2010.10.009

Ratiu, I., & Azuma, T. (2015). Working memory capacity: Is there a bilingual advantage?
Journal of Cognitive Psychology, 27(1), 1-11.
https://doi.org/10.1080/20445911.2014.976226

Richland, L. E., & Burchinal, M. R. (2013). Early Executive Function Predicts Reasoning
Development. Psychological Science, 24(1), 87

92. https://doi.org/10.1177/0956797612450883

Rosenthal, M., Wallace, G. L., Lawson, R., Wills, M. C., Dixon, E., Yerys, B. E., & Kenworthy,


https://doi.org/10.1017/S0954579408000527
https://doi.org/10.1177/0956797612450883

EFFECTS OF BILINGUAL-AUTISM INTERACTION 39

L. (2013). Impairments in real-world executive function increase from childhood to
adolescence in autism spectrum disorders. Neuropsychology, 27(1), 13—-18.
https://doi.org/10.1037/a0031299

Russell J, Jarrold C, Hood B. Two intact executive capacities in children with autism:
implications for the core executive dysfunctions in the disorder. J Autism Dev Disord.
1999 Apr;29(2):103-12. doi: 10.1023/a:1023084425406. PMID: 10382130.

Russo, N., Flanagan, T., larocci, G., Berringer, D., Zelazo, P. D., & Burack, J. A. (2007).
Deconstructing executive deficits among persons with autism: Implications for cognitive
neuroscience. Brain and Cognition, 65(1), 77-86.

https://doi.org/10.1016/j.bandc.2006.04.007

Sharaan, S., Fletcher-Watson, S., & MacPherson, S. E. (2021). The impact of bilingualism on the
executive functions of autistic children: A study of English—Arabic children. Autism
Research, 14(3), 533-544.

Simon, J. R. (1969). Reactions toward the source of stimulation. Journal of Experimental
Psychology, 81(1), 174-176.

Sorge, G. B., Toplak, M. E., & Bialystok, E. (2017). Interactions between levels of attention
ability and levels of bilingualism in children's executive functioning. Developmental

science, 20(1), 10.1111/desc.12408. https://doi.org/10.1111/desc.12408

Steele, S. D., Minshew, N. J., Luna, B., & Sweeney, J. A. (2007). Spatial working memory
deficits in autism. Journal of autism and developmental disorders, 37, 605-612.

Tran, C. D., Arredondo, M. M., & Yoshida, H. (2019). Early Executive Function: The Influence


https://doi.org/10.1016/j.bandc.2006.04.007
https://doi.org/10.1111/desc.12408

EFFECTS OF BILINGUAL-AUTISM INTERACTION 40

of Culture and Bilingualism. Bilingualism (Cambridge, England), 22(4), 714-732.

https://doi.org/10.1017/51366728918000160

Williams, D. L., Goldstein, G., Carpenter, P. A., & Minshew, N. J. (2005). Verbal and spatial
working memory in autism. Journal of autism and developmental disorders, 35, 747-756.

Wimmer, M. C., & Marx, C. (2014). Inhibitory processes in visual perception: A bilingual
advantage. Journal of experimental child psychology, 126, 412-419.

Xie, R., Sun, X., Yang, L., & Guo, Y. (2020). Characteristic executive dysfunction for high-
functioning autism sustained to adulthood. Autism research, 13(12), 2102-2121.

Ye, Y., Mo, L. E. |, & Wu, Q. (2017). Mixed cultural context brings out bilingual advantage on
executive function. Bilingualism: Language and Cognition, 20(4), 844-852.

Yurtsever, A., Anderson, J. A. E., & Grundy, J. G. (2023). Bilingual children outperform
monolingual children on executive function tasks far more often than chance: An
updated quantitative analysis. Developmental Review, 69, 101084.
https://doi.org/10.1016/j.dr.2023.101084

Zhang, M., liao, J., Hu, X., Yang, P., Huang, Y., Situ, M., Guo, K., Cai, J., & Huang, Y. (2020).
Exploring the spatial working memory and visual perception in children with autism
spectrum disorder and general population with high autism-like traits. PLOS ONE, 15(7),

e0235552. https://doi.org/10.1371/journal.pone.0235552

Zinke, K., Fries, E., Altgassen, M., Kirschbaum, C., Dettenborn, L., & Kliegel, M. (2010).
Visuospatial short-term memory explains deficits in tower task planning in high-
functioning children with autism spectrum disorder. Child Neuropsychology, 16(3), 229-

241.


https://doi.org/10.1017/S1366728918000160
https://doi.org/10.1371/journal.pone.0235552

	9c954065-df43-4e55-8ea6-d3dc6a1d2e0b.pdf
	List of Tables
	List of Figures
	Introduction
	Bilingualism and Executive Functioning
	Autism and Executive Functioning
	Interaction between Bilingualism and Autism on Executive Functioning

	Methods
	Measures
	Surveys
	Experimental Tasks

	Study 1: Adult Monolinguals vs. Bilinguals
	Study 2: Neurotypical vs. Autistic Children
	Hypotheses.
	Hypotheses.


	Results
	Simon Task
	Backwards Corsi Block Task
	Group Comparisons
	Simon Task


	Discussion
	Simon Task Findings
	Backwards Corsi Block Task Findings
	Second Language Experience in ‘Monolingual’ Participants
	Ceiling Effect
	Limitations
	Implications
	Conclusion

	References


