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Article 41 

Measuring the relationship between bilingual exposure and so- 42 

cial attentional preferences in autistic children 43 

Abstract: Background: Autistic children show reduced attentional preferences to social 44 
stimuli early in development, and these differences have consequences on a range of social 45 
domains. One factor that could influence development in those processes is bilingualism. 46 
Parents and practitioners frequently have unfounded concerns that bilingualism could 47 
cause delays in autistic children, yet there is little evidence to dispute this idea. While 48 
there are studies focusing on the impact of bilingualism on cognition in autistic children, 49 
no research has focused on the relationship between bilingualism and social attention.  50 

Aims: This study therefore investigated the impact of bilingual exposure on social atten- 51 
tion in autistic (n=33) and neurotypical children (n=42) aged 6-13 years. Rather than a mon- 52 
olingual/bilingual comparison, participants had varying degrees of bilingual exposure, 53 
and exposure was treated as a continuous variable. Participants completed an eye-tracking 54 
task measuring visual attention to interacting versus non-interacting human figures. Re- 55 
sults: Bilingual exposure did not affect dwell time to interacting or non-interacting figures 56 
for the neurotypical or autistic groups. However, there was a 3-way interaction between 57 
diagnosis, figure type and vocabulary scores on dwell time. Conclusions: Higher vocabu- 58 
lary scores in neurotypical participants was associated with significantly less dwell time 59 
to non-interacting stimuli. This is the first study to assess the effects of bilingualism on 60 
social attention; here, concerns of bilingualism are not upheld. 61 

     Keywords: autism; bilingualism; social attention; language  62 
 63 

1. Introduction 64 

Autism and social attention 65 

Autism Spectrum Disorder (hereafter autism) is broadly defined by a set of core di- 66 
agnostic criteria, including characteristic patterns of social communication and interaction 67 
with others (American Psychiatric Association, APA, 2013). Autistic children are often 68 
referred for diagnosis because of atypicalities in early developing social communication, 69 
including social attention (Nelson, De Haan & Thomas, 2006) and eye-contact (Jarrold et 70 
al., 2013). These behaviours are thought to provide the foundation for more complex so- 71 
cial cognition, and early divergences from typical development are associated with dif- 72 
ferent social developmental outcomes (Karmiloff-Smith, 2009).   73 

Prioritising social information for attention is a pivotal trait early in development, 74 
and the ability to understand the intentions and attitudes of different people in daily life 75 
is highly reliant on the capacity to assign visual attention to relevant environmental cues. 76 
This ability develops across early life and is thought to enable infants to develop skills for 77 
processing more complex social information later in development. Autistic children ex- 78 
hibit reduced attention to social content early in development (Elsabbagh et al., 2013), and 79 
this is one of the earliest developmental features that distinguishes children who go on to 80 
receive an autism diagnosis from neurotypical children (Zwaigenbaum et al., 2005; Rog- 81 
ers, 2009; Bedford et al., 2012). Studies have shown that autistic infants attend less to faces 82 
in naturalistic video tasks (Chawarska et al., 2013; Shic et al., 2014), exhibit fewer gaze 83 
behaviours towards faces at 12 months and show a reduced amount of looking to faces 84 
across the first two years of life (Gangi et al., 2020). An absence of preferential looking has 85 
also been associated with higher levels of social difficulty in 2-year-old autistic children 86 
(Webb et al., 2010). Likewise, parent reports suggest reduced looking towards people and 87 
faces at 9 months (Feldman et al., 2012). Subtle differences have also been established in 88 
gaze following in 13-month infants who went on to receive an autism diagnosis, and this 89 
was correlated with socio-communication difficulties at three years of age (Bedford et al., 90 
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2012). Early gaze behaviours are seen as foundational to the development of more com- 91 
plex social attentional mechanisms later in childhood, including joint attention and theory 92 
of mind (Bedford et al., 2012; Mundy & Newall, 2007) and language development (Young, 93 
Merin, Rogers & Ozonoff, 2009). 94 

For autistic people, differences in attention to social content have been shown to per- 95 
sist to some degree across childhood (Nakano et al., 2010; Rice et al., 2012) and into adult- 96 
hood (Sasson et al., 2007). In studies with older autistic children (aged 9-18 years), eye 97 
tracking studies have identified associations between atypical dwell patterns and fixations 98 
to social stimuli (Rice et al., 2012; Speer et al., 2007). A meta-analysis of 122 independent 99 
studies identified a distinct pattern of gaze atypicalities when selecting socially relevant 100 
information from an environment, that persisted across development (Frazier et al., 2017). 101 
A second meta-analysis also reported that autistic participants spent significantly less 102 
time looking at social stimuli compared to neurotypical participants (Chita-Tegmark, 103 
2016). 104 

 Other research has shown that autistic children attended less to faces and social in- 105 
teractions compared to children with specific language impairment and neurotypical chil- 106 
dren (Hosozawa et al., 2012). Taken together, social attention appears to be reduced for 107 
autistic people compared to neurotypical people, and for many this difference is main- 108 
tained across the lifespan.  109 

There are, however, still questions over what constitutes a social stimulus, and a re- 110 
view of autism research findings suggests that stimulus complexity impacts social atten- 111 
tion and autistic versus neurotypical group differences (Risko et al., 2012). Specifically, 112 
the largest effects in eye tracking studies measuring facets of social attention are likely to 113 
arise from the use of more socially complex stimuli.  114 

One paper using such stimuli examined attentional viewing preferences to 2-dimen- 115 
sional static images of interacting versus non-interacting pairs of human stimuli (Stagg, 116 
Linnell & Heaton, 2014). Three groups of participants were compared: neurotypical ado- 117 
lescents and autistic adolescents with or without a language delay in early childhood. 118 
When comparing looking times to interacting (socially salient) versus non-interacting 119 
stimuli, patterns of saliency only distinguished neurotypical children from autistic chil- 120 
dren with language delays. Neurotypical and autistic participants without early language 121 
delays spent significantly longer looking at interacting stimuli and exhibited comparable 122 
viewing patterns. On the other hand, autistic children with language delays spent signif- 123 
icantly less time fixating on interacting stimuli. The authors argue that attentional place- 124 
ment was related to individual differences in language development, specifically early 125 
language delays. It should be noted that dichotomising language variables into categorical 126 
variables, particularly with such small samples (10 and 11 participants for the autistic 127 
groups with and without language delay respectively) could have led to less robust find- 128 
ings.  129 

Other studies comparing viewing preferences of interacting versus non-interacting 130 
dyads in neurotypical adults have also found that interacting pairs of figures capture at- 131 
tention faster in a visual search paradigm compared to non-interacting figures (Papeo, 132 
Stein & Soto-Faraco, 2017), and participants are more likely to attend more to interacting 133 
human dyads (Papeo, Goupil & Soto-Faraco, 2019). 134 

 135 

Bilingualism and autism 136 

Bilingualism is a widespread phenomenon, with estimates suggesting that more than 137 
half of the world’s population are bilingual (Grosjean, 2021, 2010). Bilingualism can be 138 
defined as exposure to two or more languages, and the manifestation of this is highly 139 
heterogeneous. As such, the term “bilingualism” covers a range of proficiently levels, ages 140 
of acquisition, and language use in daily life (Marian, 2018). 141 

Despite the lack of evidence to date for negative effects of bilingualism in autistic 142 
people (Uljarević et al., 2016), parents of autistic children remain concerned that bilingual- 143 
ism could be detrimental to developmental outcomes and exacerbate language delays 144 
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(Hampton et al., 2017). Similarly, research has shown that parents are frequently advised 145 
by clinicians to maintain a monolingual environment to avoid confusion or delays across 146 
cognitive, language and social development (Kay-Raining Bird et al., 2012; Yu et al., 2013), 147 
despite the lack of evidence. It is clear that a more rigorous evidence base is needed for 148 
parents and clinicians to make informed decisions about a child’s linguistic and cultural 149 
environment.   150 

Bilingualism and social cognition 151 

Despite the volume of research demonstrating group differences between autistic 152 
and neurotypical participants in terms of social attentional patterns, the mechanisms driv- 153 
ing individual differences in social attention are still not well understood (Elsabbagh & 154 
Johnson, 2016). One factor that could theoretically influence attentional preferences is an 155 
enriched language environment. The impact of early multi-language exposure extends 156 
across multiple facets of social cognition and is associated with a range of potential bene- 157 
fits in neurotypical social development, including increased gesture use (Nicoladis, Pika 158 
& Marentette, 2009), development of pragmatic language skills (Siegal et al., 2010) and 159 
enhanced performance across theory of mind tasks (Schroeder et al., 2018; Kovács, 2012; 160 
Goetz, 2003). One explanatory framework for understanding the potential relationship 161 
between bilingualism and social cognition relates to the practice of tailoring language to 162 
the linguistic knowledge of one’s interlocutor; specifically, that children living in a bilin- 163 
gual environment will encounter more opportunities to confront conflicting mental rep- 164 
resentations, providing additional opportunities for exercising perspective taking skills, 165 
which could then enhance bilingual children’s understanding the mental states of others 166 
(Kovaćs, 2009; Kovács, 2012; Rubio-Fernández & Glucksberg, 2012). 167 

However, this theory doesn’t account for why bilingual advantages are also found in 168 
pre-verbal infants. Infants who have experience of dual-language exposure also demon- 169 
strate bilingual advantages (Kovaćs & Mehler, 2009; D’Souza et al., 2020). Although to 170 
date this has only been tested in relation to executive function skills, both studies demon- 171 
strated positive effects of bilingual exposure, suggesting that immersion in a bilingual en- 172 
vironment through exposure alone can shape cognitive development. D’Souza et al. (2020) 173 
propose that bilingual infants explore their environments more than monolingual chil- 174 
dren and prioritise new stimuli over the consolidation of familiar information.  175 

At the least, this research raises the question of whether the influence of bilingual 176 
exposure requires verbal practice, but we can also ask how this could relate to theory of 177 
mind and the overall social development of autistic, bilingually exposed children? We 178 
might posit that growing-up in a multi-lingual environment would promote attention to 179 
social content by making language and underlying mental states more salient. Although 180 
this idea has not yet been established quantitively, it has been considered in qualitative 181 
studies looking to understand the perspectives of parents of autistic bilingual children 182 
(Howard, Gibson & Katsos, 2021; Hampton, Rabagliati, Sorace & Fletcher-Watson, 2016). 183 
Both studies found that some parents of autistic bilingual children perceived there to be a 184 
cognitive advantage regarding bilingualism and that being bilingual positively influenced 185 
their child’s perspective taking abilities and facilitated opportunities for social interaction. 186 

Alternatively, if we assume the position of D’Souza et al. (2020), bilingualism might 187 
promote greater exploration, including of social stimuli. This in turn could provide more 188 
opportunities to rehearse more complex social behaviours such as understanding inten- 189 
tions. In the autism literature, there is currently little evidence about how bilingualism 190 
interacts with social cognition. The research that does exist suggests that bilingualism is 191 
unlikely to be detrimental to development (Uljarević et al., 2016). The literature on social 192 
cognition specifically has either identified no differences between bilingual and monolin- 193 
gual autistic children across a range of social skills (Valicenti-McDermott et al., 2019), or 194 
positive effects of bilingualism. For example, Valicenti-McDermott et al. (2013) reported 195 
increased gesture use and imaginative play in autistic bilingual children, and a longitudi- 196 
nal study of social and language outcomes reporting increased gesture use for bilingual 197 
autistic children when compared to monolinguals (Zhou et al., 2019). The effects of bilin- 198 
gualism on social cognition (specifically theory of mind) in autistic children have also 199 
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reported higher scores in bilingual children (Peristeri et al., 2021; Andreou et al., 2020). 200 
However, there is currently no research to date that addresses the impact of bilingualism 201 
on foundational building blocks of social cognition in autism – namely, social attention. 202 

 203 
Aims and hypotheses: 204 

The aim of this study was to investigate whether bilingual exposure moderates’ so- 205 
cial attention preferences in autistic and neurotypical children. The ability to understand 206 
the intentions and attitudes of different people in daily life is highly reliant on the capacity 207 
to assign visual attention to relevant environmental cues. Therefore, we implemented an 208 
eye tracking paradigm used in Stagg et al. (2014) as a measure of social attentional pro- 209 
cesses in autistic and neurotypical children. We assessed whether children’s patterns of 210 
visual attention to interacting stimuli versus non-interacting stimuli were influenced by 211 
bilingual exposure, and how this interacted with autism diagnostic status and vocabulary. 212 
This study provides the first opportunity to explore whether bilingual exposure might 213 
lead to increases in social attention.  214 

Based on the findings of Stagg et al. (2014) and general assumptions from the social 215 
attention literature, we hypothesised that there would be no diagnostic group (autistic vs 216 
neurotypical) differences in dwell-time to back-to-back (non-interacting) figures, but there 217 
would be a diagnostic group (autistic vs neurotypical) difference in dwell-time to face-to- 218 
face (interacting) figures – i.e., neurotypical children would spend more time looking to 219 
face-to-face figures than autistic children.  220 

We also explored whether there would be an interaction effect between group (autis- 221 
tic vs neurotypical) and bilingual exposure on dwell-time to face-to-face stimuli. Specifi- 222 
cally, we asked whether autistic vs neurotypical group differences would be reduced when 223 
bilingual exposure was high. 224 

2. Materials and Methods 225 

2.1. Study design 226 

The paper describes a two-group experimental study, exploring the influence of bi- 227 
lingual exposure (see below for definition) on social attention (dwell-time, using a free 228 
viewing eye-tracking paradigm), and the differences between autistic and neurotypical 229 
children.  230 

 231 

2.1.1. Participants 232 

Seventy-five children (42 neurotypical, 33 autistic) aged 6-12 years contributed data 233 
to the study from an original sample of 86. Children were excluded from the original sam- 234 
ple if they were unable to complete the eye-tracking task, or if the quality of the eye-track- 235 
ing data recorded did not reach the set threshold as described in the analysis methods 236 
below. A total of four neurotypical children (4.65%) and nine autistic children (10.4%) did 237 
not reach the quality threshold for data analysis. All participants were recruited from Scot- 238 
land and England, utilising links with speech and language services, schools, charities, 239 
practitioner networks, community groups, and using social media. Neurotypical partici- 240 
pants were recruited primarily through social media and school networks. In addition to 241 
our research-specific webpage, we also commissioned an animated recruitment video for 242 
parents. See Table 1 for participant demographics. 243 

Autistic participants had a pre-existing clinical diagnosis of autism. Additionally, 244 
these children were screened using the Autism Diagnostic Observation Schedule (2nd edi- 245 
tion) (Lord, et al., 2012) and as an additional measure of autistic traits, all parents com- 246 
pleted the Social Communication Questionnaire–Lifetime (SCQ-L) (see “measures” for 247 
more information). A total of 29 children completed an ADOS, with three children unable 248 
to participate as they had very recently completed an ADOS, or due to practical con- 249 
straints at home visitations. Out of the 29 children who could participate, one child re- 250 
ceived an ADOS algorithm score one point below the likelihood threshold for a diagnosis 251 
of autism. However, the participant (and indeed all participants in the autistic group) 252 
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scored above the typical range of 15 on the SCQ-L screening threshold, indicating high 253 
levels of autistic traits (Rutter, Bailey & Lord, 2003). Taking into consideration the SCQ 254 
score and pre-existing clinical diagnosis of this participant, their data was included in 255 
subsequent analyses.  256 

Parents of children in the neurotypical group also completed the SCQ-L. The only 257 
inclusion criterion applied was that children scored within the “typical” range (0-15, indi- 258 
cating low levels of autistic traits). All neurotypical children scored below an 8, indicating 259 
that the two participant groups could be distinguished by pre-existing clinical diagnosis 260 
and by parent-rated autistic traits. Neurotypical children were screened at recruitment by 261 
asking parents about other developmental conditions. No known conditions were identi- 262 
fied in the group.   263 

All participating families had the potential to raise their child bilingually: all families 264 
had access to English language in the community and at school, and at least one parent in 265 
each family was sufficiently fluent to engage with the English-language recruitment ma- 266 
terials and parent-report measures. All parents in this study were fluent in English. In 267 
addition, one or both parents were fluent in at least one additional language. Participating 268 
children had varied experience of familial bilingual exposure. This ranged from minimal 269 
exposure to or use of a second language, including families who did not report any sub- 270 
stantive bilingual exposure, to families using two languages in the home concurrently. See 271 
Measures below for information regarding how this was quantified. 272 

2.1.2. Measures 273 

Autistic participants:  274 

The Autism Diagnostic Observation Schedule, 2nd edition (ADOS-2; Lord, et al., 2012) 275 
is a semi-structured, standardized assessment tool used to measure social and communi- 276 
cation behaviours relevant to a diagnosis of autism. Participants are administered activi- 277 
ties from one of the four modules. The selection of an appropriate module is based on 278 
developmental and language levels. 279 

All participants: 280 

The SCQ-Lifetime (Rutter Bailey & Lord, 2003) is a parent-administered question- 281 
naire that can be used as an initial screening measure for autism. The ‘Lifetime’ form takes 282 
the entire developmental history into account. Scores over 15 are indicative of higher- 283 
than-average levels of autistic traits.  284 

Bilingual exposure 285 

The Bilingual Experience Calculator (BiLEC; Unsworth, 2013) is a parent-adminis- 286 
tered questionnaire used to measure bilingual experience. Language exposure was meas- 287 
ured by the number of hours their first (L1) and second (L2) languages were used both 288 
within the home, (including after school, at weekends, and during the holidays) and out- 289 
side of the home (including during the school day, and with friends). These scores always 290 
sum to 100%. This measure has been used in previous analyses on a different set of task 291 
data, with some of the same participants (see Montgomery et al., 2021). We derived a 292 
measure of bilingual exposure from the ratio between these two input percentages. This 293 
was calculated by multiplying the lowest of the two input percentages by two (number of 294 
languages) which provided a bilingual exposure score that could range from zero (i.e., 295 
Input from L1 was 0% and Input from L2 was 100%, therefore, a bilingual exposure of 296 
zero) to 100 (i.e., input from L1 and L2 was 50% each, giving rise to the maximum possible 297 
bilingual exposure). To further describe this metric, a participant exposed to 20% L1 and 298 
80% L2 would have a bilingual exposure score of 40, while a participant exposed to 30% 299 
L1 and 70% L2 would have a bilingual exposure score of 60. The more balanced inputs 300 
from the two languages are, the higher the bilingual exposure score. In the current study, 301 
all participants had some degree of bilingual exposure, and scores ranges between 8% and 302 
92%. 303 
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Eye tracking paradigm:  304 

Stimuli used in this study were the same as those used in Stagg et al. (2014) (see Fig- 305 
ure 1). In each trial, participants passively viewed a white background with images of two 306 
pairs of human figures (originally photographs, transformed using Photoshop to produce 307 
colour, cartoon-like figures). The pairs were in one of two configurations: face-to-face or 308 
back-to-back. There were two pairs of figures visible in each trial – one pair of each con- 309 
figuration. These pairs appeared in diagonally opposite quadrants on screen (i.e., top left 310 
and bottom right, or top right and bottom left). Face-to-face and back-to-back pairs did 311 
not consistently appear in the same quadrant. In each trial, two pairs of stimuli were se- 312 
lected as opposed to four (one per quadrant). In part this was because the task in its cur- 313 
rent form had already been validated in previous research. Second, we did not want to 314 
provide participants with multiple social and non-social stimuli pairings on the screen at 315 
once with the relatively short viewing time per trial (3 seconds), but rather the choice to 316 
view one scene at a time, either a social or non-social pairing.  317 

The Wechsler Abbreviated Scales of intelligence, second edition (WASI-II; Wechsler, 318 
2011) assesses cognitive ability. Only the vocabulary (31 items) and matrix reasoning (30 319 
items) subtests were used, which were sufficient to calculate a partial IQ score and were 320 
used as an estimate of general cognitive ability. IQ limits were not stated within the inclu- 321 
sion criteria in order to permit a representative autistic sample. However, IQ was included 322 
as a covariate in subsequent analyses.  323 

Vocabulary 324 

To assess whether social attentional preferences were associated with measures of 325 
receptive language, participants completed The British Picture Vocabulary Scale, Third Edi- 326 
tion (BPVS-III; Dunn, Dunn & Styles, 2009). The assessment measures receptive vocabu- 327 
lary abilities, and participants are instructed to match a word spoken by the examiner to 328 
one of four pictures using non-verbal responses. Correct responses are combined with the 329 
overall number of errors to provide a total score. All assessments were conducted in Eng- 330 
lish. All children were living in the UK by the time they were 18 months of age and at- 331 
tended English speaking schools. All parents of participants were fluent in English. Only 332 
monolingual norms were available for the BPVS vocabulary scores. Groups were matched 333 
on age, gender, and bilingual exposure. See Table 1 for Demographics for autistic and 334 
neurotypical participants.  335 

Values in bold indicate significant differences between groups at the 0.05 threshold. 336 
Comparisons were calculated using independent sample t tests for Age, WASI-II, BPVS- 337 
III and SCQ scores. Fisher’s Exact Test scores were calculated to compare Gender scores. 338 
Age and bilingual exposure were not normally distributed; therefore, Mann-Whitney U 339 
tests were computed as a non-parametric alternative.  340 

 341 
 342 

Table 1. Descriptive statistics (Mean (Standard Deviation)) for demographics.  343 

  
Autistic 

(n=33) 
SD Range 

Neurotypi-

cal (n=42) 
SD Range Comparisons 

Age 8.86 2.49 
6.10-

12.4 
7.89 1.77 6.11-12.1 U = 724, p = .071 

Gender 
Female =15,  

 
Female = 16  

  p = 0.634 
Male = 18  Male = 26   

IQ – WASI-II 89.57 23.88 72-134 105.67 12.53 78-136  3.951 (73), p = <.001 

 

BPVS-III 90.58 35.23 70-121 101.87 11.32 75-122 2.281 (73), p = .085 
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SCQ 21.55 3.97 16-27 2.79 2.22 0-5 26.319(74), p = <.001  

Bilingual Ex-

posure (%) 
57.71 27.75 8-92 56.83 23.63 10-92 U = 873, p = .347  

 344 

2.1.3. Apparatus and Procedure 345 

General procedure 346 

Ethical approval was obtained from the [BLINDED FOR REVIEW]. In order to send 347 
parent questionnaires out prior to home visits, written informed consent was first rec- 348 
orded electronically prior to visits. Consent forms were then signed again physically at 349 
each visit. Children were also asked to provide verbal assent prior to participation. The 350 
data collection methods reported here were part of a larger experimental task battery. 351 
Participants completed all assessments over one appointment. All but two families were 352 
visited at home by the researchers, and two families visited the research centre to partici- 353 
pate in assessments. Where possible, children were assessed following the same timeline 354 
protocol: all autistic participants first completed the ADOS. All children were then as- 355 
sessed on the BPVS-III and WASI-II, followed by a break and the eye tracking battery. 356 
Parents had received the demographics and SCQ questionnaire packs by post two weeks 357 
prior to the visit. Questionnaire packs were collected at the visit by the researcher or sent 358 
by post to the research centre within two weeks of the visit.  359 

Eye tracking procedure 360 

Looking behaviour was recorded using a portable SMI REDn eye-tracker. The eye 361 
tracker has an infrared light source and was mounted to a 15-inch laptop screen, with a 362 
display comprising 1920 x 1080 pixels. Stimuli were presented using SMI Experiment Cen- 363 
tre software. Children were seated approximately 60cm from the screen and chairs were 364 
adjusted to support optimal tracking of the participants eyes. The eye tracking task was 365 
preceded by a five-point calibration phase and a further 5-point validation phase. The 366 
experimental task was initiated when at least four points were correctly calibrated. If the 367 
participant did not pass the validation phase, the validation procedure was automatically 368 
initiated again. Eye position data were collected at 60hz.  369 

Participants were told that they would be viewing images of people and that they 370 
could look wherever they wanted on the screen. Each stimulus was presented for 3 sec- 371 
onds. This presentation time was shorter than the original task (Stagg et al., 2014) to ac- 372 
count for the longer task battery that children were participating in (see Davis, Montgom- 373 
ery, Rabagliati, Sorace & Fletcher-Watson, 2022). Attention grabbers (in the form of col- 374 
ourful pictures on black backgrounds with sound effects) were presented in between 375 
blocks to maintain attention to the screen. There was a total of 60 trials, with each stimulus 376 
appearing twice. However, at the second presentation, the stimulus content was arranged 377 
into different quadrants of the screen than the first time, so no two stimuli were identical. 378 
The procedure took five minutes to run in total. 379 

2.2. Analysis Methods 380 

Preregistered report 381 

We submitted a pre-registered analysis plan in February 2020 (https://osf.io/ymzbn), 382 
far in advance of analysis of the dataset. Subsequently, we realised that that pre-registra- 383 
tion did not incorporate statistical best practices, and so we deviated from it to conduct a 384 
more rigorous analysis. Specifically, we now use a linear mixed model as opposed to a 385 
three-way mixed ANOVA, and do not conduct any analyses where the continuous bilin- 386 
gual exposure measure was going to be split into high and low binary groups. 387 
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Dichotomising these variables risks losing statistical power, underestimating variability 388 
between groups and conceals potential non-linearity (Altman & Royston, 2006). There are 389 
also advantages to adopting a continuous approach to measuring bilingualism as opposed 390 
to bilingual versus monolingual groups. It has been argued that a continuous variable of 391 
bilingualism accounts for more abilities and experiences, is more representative of bilin- 392 
guals in real world settings (e.g., de Bruin, 2019; Marian & Hayakawa, 2020), and could 393 
allow for more individual variation (Kremin & Byers-Heinlein, 2021). 394 

The decision to use a continuous measure of bilingualism was also due to practical 395 
implications. For families with the potential to raise their children bilingually, there is no 396 
option for 0% bilingual exposure. For instance, if a native Spanish speaker brings up a child 397 
in an English environment with an English-speaking partner, the child will hear Spanish 398 
at least some percentage of the time (e.g., speaking Spanish with friends and family), even 399 
if Spanish is never spoken directly to the child. We argue that a continuous measure of 400 
bilingualism is the only relevant data that could inform clinical practice for these children. 401 

Data parsing and area of interest (AOI) selection 402 

Raw eye-tracking data were parsed using SMI BeGaze software to generate fixation 403 
data. To ensure high quality data, trials were removed if there was a tracking ratio of less 404 
than 40% (reflecting poor data quality; 1.96% of trials were removed for this reason). Trials 405 
where the sum of all fixations was <500ms were excluded as they were not considered a 406 
sufficient quantity of data to represent the results of multiple, purposeful eye movements 407 
to AOI within a single trial (Gillespie-Smith et al., 2016). A total of 0.83% of trials were 408 
removed for this reason. 409 
 410 
We selected two variables of interest: 411 

1. Fixation count, defined as the number of fixations per trial, averaged across all trials, 412 
was used to assess gaze control between participants. See table 3 for more infor- 413 
mation.   414 

2.   Total dwell time was defined as the cumulative duration of all fixations within each 415 
trial, for each AOI (face-to-face and back-to-back figures). This was also averaged 416 
across trials, for each AOI separately.  417 

 418 

As per Stagg et al. (2014), we defined four areas of interest (AOIs). The first two AOIs 419 
were of identical size and covered the whole figures: one covering the face-to-face 420 
figures, the second covering the back-to-back figures (see figure 1). The other two 421 
AOIs were created for a head-only analysis, one covering the face-to-face head and 422 
shoulders, the second covering the back-to-back head and shoulders. All AOIs were 423 
identified using a rectangular selection tool. Example images and AOIs from trials 424 
presented to participants are displayed in Figure 1. Table 2 shows the average dwell 425 
times for each AOI per diagnostic group: 426 

 427 
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 437 

Figure 1. Example of the stimuli presented with example AOIs by a yellow outline. Box A shows an 438 
example of generated whole figure interacting and non-interacting AOIs in a single trial. Box B 439 
shows an example of the head-only interacting and non-interacting AOIs in a single trial. 440 

 441 

Table 2. Details of dwell time data in milliseconds (ms) for the two groups Scores show the mean, with standard deviation in brackets. 442 

  Autistic Neurotypical 

Whole figure Interacting (ms) 1026.39 (339.56) 1174.42 (427.24) 

Whole figure Non-interacting (ms) 967.49 (295.58) 1049.26 (371.44) 

Head-only Interacting (ms) 638.63(319.33) 750.73(393.55) 

Head-only Non-interacting (ms) 572.97(216.10) 633.90(275.09 

 443 

Analyses were conducted using SPSS version 25 and R Studio. Mixed models were 444 
fit using the lme4 package (Version 3.3.1; Bates, Maechler, Bolker, & Walker, 2015). For all 445 
analyses, a standard p value threshold of 0.05 was used to determine statistical signifi- 446 
cance. However, we used a Bonferroni adjustment to correct for testing multiple simple 447 
main effects. Raw scores for each independent variable were standardised to have a mean 448 
of zero and a standard deviation of one to ensure that all variables were analysed on the 449 
same scale. 450 

 Independent sample t-tests were applied to check data for mean group differences 451 
in total dwell time and number of fixations that could indicate abnormalities in gaze con- 452 
trol. Underlying assumptions were validated for all subsequent analyses. Data for both 453 
the whole figure and head only AOIs data violated normality assumptions and homoge- 454 
neity of variance, and was log transformed and rechecked to pass assumptions. We clas- 455 
sified outliers as above 2.5 SD, but these data points were retained if the data were still 456 
normally distributed. None of the data points had overt leverage values. For correlations 457 
between mean event duration and language and social cognition scores, first order Spear- 458 
man’s correlations were used as not all variables were normally distributed (Shapiro- 459 
Wilk’s test (p < .05). 460 

 We used linear mixed effects models for all hypothesis testing, specifically to ex- 461 
plore the relationship between bilingual exposure, diagnostic status, and dwell time to 462 

B 

A 
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face-to-face and back-to back-stimuli. We also assessed the impact of English vocabulary 463 
scores on dwell time. Separate models were run for whole figure AOIs and head only 464 
AOIs. Replicating the analysis from the original study using the eye tracking paradigm, 465 
(Stagg et al., 2014), the same analyses were run on head only AOIs to assess whether there 466 
would be differences specific to the head regions of the interacting versus non-interacting 467 
figures.  468 

Marginal R squared were calculated as a measure of model fit for fixed effects, and 469 
conditional R squared was used where appropriate for fixed and random effects. Rather 470 
than using a statistical selection procedure for model fit, we selected the criteria for the 471 
model based on theoretical hypotheses. The first mixed effects model therefore included 472 
AOI type (interacting or non-interacting), diagnostic group, bilingual exposure, a two- 473 
way interaction term of bilingual exposure and diagnosis, AOI type and diagnosis, and a 474 
three-way interaction term of bilingual exposure, AOI type and diagnostic group, with 475 
the inclusion of by-participant random intercepts.  476 
(2) The second mixed effects model assessed the effect of vocabulary scores to assess 477 
whether any differences in dwell time were related to language abilities. Therefore, this 478 
model included AOI type (head-to-head or back-to-back), diagnostic group, BPVS vocab- 479 
ulary scores, a two-way interaction term of BPVS scores and diagnosis, AOI type and di- 480 
agnosis, and a three-way interaction term of BPVS scores, AOI type and diagnostic group, 481 
with the inclusion of by-participant random intercepts  482 

 483 

3. Results 484 

Abnormalities in gaze control 485 

There were no significant differences between the two groups in mean number of 486 
fixations (p = .353) or mean duration of fixations (p = .659). This suggests there was com- 487 
parable levels of ocular control when viewing the stimuli. Table 3 provides mean group 488 
descriptive statistics, including the average dwell time to each area of interest (AOI).  489 

 490 

Table 3. Details of eye movement data for the two groups including the duration and number of fixations, and dwell time to whole 491 
figure and head-only stimuli (compared using independent samples t-tests). Scores show the mean and deviation in brackets. 492 

  Autistic Neurotypical Comparisons 

Whole stimulus 

Mean duration of fixations (ms) 350.881 (96.28) 361.53 (107.29) 2.223(73), p = .659 

Mean overall number of 

fixations 
145.00 (48.01) 156.86 (58.62) 3.263(73), p = .353 

      493 

3.1. Whole figure analysis 494 

Model 1 assessed the impact of AOI type (interacting versus non-interacting whole 495 
figures), bilingual exposure and diagnosis as individual factors, and included interaction 496 
effects of AOI type and bilingual exposure, and AOI type, diagnosis, and bilingual expo- 497 
sure. Two factors that were significantly predictive of dwell time. First, AOI type, p = .024; 498 
all participants, regardless of diagnostic status spent significantly more dwell time on in- 499 
teracting versus non-interacting figures. Second, diagnosis, p =.042; Across all types of 500 
stimuli, there was a difference between the autistic and non-autistic participants. Bilingual 501 
exposure was not predictive of dwell time, either individually or as part of higher order 502 
interactions. See table 3 for full statistics. Figure 2 shows the non-significant interaction 503 

 504 
 505 

Table 3. Fixed and random effects as a summary of the linear mixed model with bilingual exposure for the whole figure AOIs. The 506 
conditional R2 accounts for the variance explained by the whole model, while the marginal R2 accounts for the fixed effects only. 507 
 508 
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                       Log transformed dwell time 

Predictors    Estimates CI p df 

(Intercept)  998.16   940.68 – 1055.64  <0.001 3844 

AOI type (Interacting vs non-interacting)  57.88  7.73 – 108.03   0.024 3844 

Diagnosis [Neurotypical] 59.34 2.28 – 116.41   0.042 3844 

Bilingual Exposure  -14.99 -72.59 – 42.61   0.610 3844 

Diagnosis [Neurotypical] * AOI Type [Interacting]  16.71 -33.17– 66.59    0.511 3844 

AOI Type [Interacting] * Bilingual Exposure  -11.12 -61.39 – 39.16   0.665 3844 

Diagnosis * Bilingual Exposure  -2.66 -59.40 – 54.08   0.927 3844 

AOI type [Interacting] * Diagnosis * Bilingual Expo-

sure 
-22.70 -72.41 – 27.01   0371 3844 

Random Effects     

σ2 391092.62    

τ00  55536.89    

ICC 0.20    

N    75    

Observations 3854       

Marginal R2 / Conditional R2 0.017- 0.210    

     
 509 

 510 
Model 2 assessed the impact of vocabulary scores, AOI type (interacting versus non- 511 

interacting) and diagnosis as individual factors and included interaction effects of AOI 512 
type and vocabulary scores, and AOI type, diagnosis, and vocabulary scores. The interac- 513 
tion between AOI type and vocabulary scores was significant, as was AOI type, diagnosis, 514 
and vocabulary scores. Looking to figure 2, higher vocabulary scores were correlated with 515 
shorter looking times to non-interacting figures, and longer looking to interacting figures. 516 
Table 4 shows all fixed and random effects from the model.  517 

 518 
 519 
Table 4. Fixed and random effects as a summary of the linear mixed model with vocabulary scores for the whole figure AOIs. 520 
The conditional R2 accounts for the variance explained by the whole model, while the marginal R2 accounts for the fixed ef- 521 
fects only 522 
 523 

                       Log transformed dwell time 

Predictors    Estimates CI p df 

(Intercept)  1002.66   945.33 – 1059.99  <0.001 3844 

AOI type (Interacting vs non-interacting)  48.62  -0.62 – 97.87   0.053 3844 

Diagnosis [Neurotypical] 51.90      -5.00 – 108.80   0.074 3844 

BPVS vocabulary scores  38.90 -23.22 – 101.03   0.220 3844 

Diagnosis [Neurotypical] * AOI Type [Interacting]  7.63 -41.35– 56.62    0.760 3844 

AOI Type [Interacting] * BPVS vocabulary scores  56.47 3.17 – 109.78   0.038 3844 

Diagnosis * BPVS vocabulary scores  -20.60 -82.74 – 41.54   0.516 3844 

AOI type [Interacting] * Diagnosis * BPVS vocabu-

lary scores 
-56.27 2.96 – 109.59   0.039 3844 

Random Effects     

σ2 391131.41    

τ00  52917.78    

ICC 0.19    

N    75    

Observations 3854       

Marginal R2 / Conditional R2 0.027- 0.209    
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 524 
 525 
 Figure 3 shows the significant three-way interaction from model 2. For the neurotypical 526 
children, there is a significant trend of decreasing dwell time to non-interacting figures 527 
and increasing dwell time to interacting figures as vocabulary scores increase. The autistic 528 
group shows a non-significant trend of increasing dwell time to figures overall as vocab- 529 
ulary scores increase, regardless of AOI type.  530 
 Model 2 assessed the impact of vocabulary scores, AOI type (interacting versus non- 531 
interacting) and diagnosis as individual factors and included interaction effects of AOI 532 
type and vocabulary scores, and AOI type, diagnosis, and vocabulary scores. 533 

 534 

Figure 3. Significant three-way interaction effect from the linear mixed model using whole figure AOIs with raw data points included. 535 
Z-scores were used for BPVS scores, and looking times are in milliseconds (ms). 536 

 537 

 538 

 539 

 540 

 541 

 542 

 543 

 544 

 545 

 546 

 547 

 548 

 549 

 550 

 551 

3.2. Analysis of head region 552 

Model 1 assessed the impact of AOI type (interacting versus non-interacting whole 553 
figures), bilingual exposure and diagnosis as individual factors, and included interaction 554 
effects of AOI type and bilingual exposure, and AOI type, diagnosis, and bilingual 555 
exposure. There were no significant factors in this model. 556 
 Model 2 assessed the impact of vocabulary scores, AOI type (interacting versus non- 557 
interacting) and diagnosis as individual factors and included interaction effects of AOI 558 
type and vocabulary scores, and AOI type, diagnosis, and vocabulary scores. Although 559 
the factors were not statistically significant, the trends were the same as the whole figure 560 
analysis. Lack of significant effects are likely to be reflected by lower power and fewer 561 
trials due to smaller AOIs. 562 
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4. Discussion 563 

This study investigated the impact of bilingual exposure on social attentional prefer- 564 

ences to interacting and non-interacting stimuli in autistic and neurotypical children. To 565 

our knowledge, this is the first study to focus on the interplay of social attention and bi- 566 

lingualism in autistic children.  567 

Prior findings using the same task compared autistic children with and without histor- 568 

ical language delay (Stagg et al., 2014). Regardless of configuration, patterns of visual at- 569 

tention only distinguished autistic children who had delays in early language onset; this 570 

group spent less time looking at human figures overall, and less time looking at interact- 571 

ing stimuli. In the current study, we focused on the effect of bilingual exposure rather than 572 

language delay. Based on previous findings in the social attention literature we hypothe- 573 

sised that the neurotypical group would spend more time looking to interacting figures 574 

compared to the autistic group. We explored whether bilingual exposure affected social 575 

gaze preferences, whether this interacted with group and AOI type, and whether there 576 

was an effect of language in the form of current vocabulary levels.  577 

We found that in younger children than those studied by Stagg et al. (2014), social at- 578 

tentional preferences were influenced by vocabulary scores for neurotypical children; as 579 

vocabulary scores increased, neurotypical participants spent significantly less time looking 580 

to non-interacting figures. There was no significant effect of vocabulary on social atten- 581 

tional preferences in the autistic group, and no significant effect of bilingual exposure in 582 

autistic or neurotypical groups. Increased dwell time relating to higher vocabulary scores 583 

was not a measure of task compliance, but of attentiveness to the AOIs.  584 

There was no significant group difference in dwell time to interacting stimuli, and 585 

the amount of time autistic participants spent looking at interacting versus non-interacting 586 

stimuli was not statistically different. While the head only analysis was not statistically 587 

significant, the model suggest the same results as the whole figure analysis. Non-signifi- 588 

cance was likely due to the smaller AOIs and subsequently fewer datapoints. We discuss 589 

potential reasons for the findings below.  590 

   591 

Bilingual exposure  592 

Importantly, bilingual exposure was not found to impact social attentional prefer- 593 

ences in either the neurotypical or autistic group. This has implications for the pervasive 594 

(and scientifically unsupported) view among many clinicians and parents that a bilingual 595 

environment could be detrimental for development in autism by causing cognitive delays 596 

(Kay-Raining Bird et al., 2012; Yu, 2013; Hampton et al., 2017). The current study does not 597 

provide evidence for this view; bilingual exposure did not delay social attention in autism, 598 

there being no differential effects when compared with the neurotypical group.  599 

However, the data here also did not lend support to the idea that bilingualism could 600 

promote social attention behaviours in autistic or neurotypical children. As a null finding, 601 

this can be interpreted in a number of ways. The findings could be taken as further evi- 602 

dence against the broader claim that bilingualism enhances social cognition, given that 603 

position has been subjected to some scrutiny (Shroeder, 2018; Paap et al., 2016; de Bruin 604 

et al., 2015). While a null finding such as this cannot be conclusive as evidence against a 605 

claim, we stress that its existence in the literature is important to counteract publication 606 

bias.  607 
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Alternatively, this null finding could help to better-specify the mechanisms underly- 608 

ing potential bilingual advantages in social cognition. For instance, it is argued that re- 609 

peated opportunities to tailor one’s linguistic knowledge to that of a conversational part- 610 

ner could exercise executive capacities specific to enhancing perspective taking skills, for 611 

example (Kovács, 2009; Kovács, 2012; Rubio-Fernández & Glucksberg, 2012). If this were 612 

the case, it could be that bilingualism would not influence traits of social “interest” as 613 

measured in the current study, but rather executive capacities would in turn enhance per- 614 

spective taking skills. However, recent work has failed to find evidence in favour of this 615 

view (see Peristeri et al., 2021) 616 

Finally, a lack of effect could be related to the bilingual measures used and it is pos- 617 

sible that greater statistical power was required to identify an effect of bilingual exposure 618 

given the variability between participants. There is ongoing debate as to the “best” meas- 619 

ure of bilingualism, and the extent to which variability in an individual’s bilingual experi- 620 

ence explains the inconsistencies between findings in the bilingualism and cognition liter- 621 

ature. Studies frequently use different aspects of bilingualism such as proficiency, age of 622 

acquisition or distance between languages, and these measures do not always generalise 623 

across studies (Paap, 2014). As a result, some have argued that taking an individualised, 624 

systematic approach to measuring bilingualism would be optimal in the future (Luk, 2014).  625 

 626 

Effects of vocabulary 627 

Overall, the current finding suggests that autistic children do not have the same rela- 628 

tionship between language and social attention as neurotypical children.  629 

This is consistent with the work of Norbury et al., (2009), who found that autistic ado- 630 

lescents exhibited differential gaze patterns to neurotypical children (looking less to the 631 

eye regions of faces), and that better language skills were not associated with longer look- 632 

ing times to social AOIs in autistic participants. The authors argued that integrating infor- 633 

mation from a number of different social cues could be more important in supporting com- 634 

munication in autistic children, compared to neurotypical children, who may rely more 635 

heavily on single social cues. Other research has also suggested that verbally able autistic 636 

children may rely on differential social cues than other autistic children (Rice et al., 2012).  637 

Our research findings somewhat contrast those of Stagg et al. (2014), who found group 638 

differences in dwell time; specifically, that autistic children with historic language delays 639 

showed reduced attention to socially salient stimuli. In this study, greater language skills 640 

in neurotypical children were associated with more typical viewing patterns to social stim- 641 

uli here. This was not the case for autistic children in this age range.  642 

What could explain these discrepancies? One way to interpret this finding is that lan- 643 

guage skills are more important for social interaction, but the effect is either smaller or 644 

delayed in autistic children. It could be that autistic children are trying to interpret social 645 

cues from the non-interacting figures, or that autistic children are not making the distinc- 646 

tion between socially salient and non-social stimuli. 647 

There are also methodological differences between studies. Stagg et al. (2014) focused 648 

on the comparison of children with and without early language delays. We did not have 649 

information about the potential of early language delays in our autistic sample, but it is 650 

clear that current vocabulary levels also have an effect on gaze behaviours in autistic and 651 

neurotypical children. Second, the current study recruited 33-42 participants per group 652 

and treated language and bilingualism as continuous variables, both of which provide 653 
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stronger power to test for effects. Conversely, Stagg et al. (2014) used smaller samples of 654 

participants and dichotomized their language competence variable. Taken together, these 655 

reductions in power would suggest that the estimates in the current study would be more 656 

robust.  657 

 658 
 659 

Limitations 660 
The results of this study are constrained to understanding the impact of bilingual 661 

exposure on social attentional preferences and cannot necessarily be generalised to other 662 
facets of bilingualism. We focused on exposure to capture the experiences of a range of 663 
autistic children that is more representative of the autistic population overall. Given that 664 
other factors such as language switching and expressive language competence are hy- 665 
pothesised to impact cognitive abilities, (Kroll & Bialystok, 2013) we cannot rule out the 666 
idea that different facets of bilingual experience would impact on our data in ways not 667 
captured here. Additionally, all participants in the current study were exposed to two 668 
languages, and these findings may not be representative of the experiences of children 669 
who are exposed to more than two languages. Further research would benefit from the 670 
inclusion and comparison of children from bilingual, multilingual families and monolin- 671 
gual families. It would also be beneficial to focus future research on the moderating effects 672 
of language delay, for example, on the relationship between bilingual exposure and social 673 
attention.  674 

Future work should also consider the influence of bilingualism on children with mul- 675 
tiple diagnoses. For example, given the high rates of comorbidity between autism and 676 
ADHD (e.g., Tureck et al., 2013), it would be interesting to understand the effects of bilin- 677 
gualism in children who are autistic and have an ADHD diagnosis.  678 

Furthermore, there are questions as to what constitutes a social valid stimulus (Risko 679 
et al., 2012) and it is possible that using different stimuli, such as live video interactions, 680 
could produce different results. For example, research suggests that autistic children spent 681 
longer attending to cartoon-life stimuli (Van der Geest et al., 2002), therefore, it is possible 682 
that this lack of group difference could also reflect the stimuli used in this research. Exten- 683 
sions of this research using different types of stimuli and different types of bilingual expe- 684 
rience would be beneficial to determine the generalisability of the results presented here.   685 

5. Conclusions 686 

The current study did not find effects of bilingual exposure in a social attention eye 687 
tracking paradigm, in autistic or neurotypical children. We found an interaction of vocab- 688 
ulary scores, group and AOI type; this was driven by the neurotypical group looking less 689 
to the non-interacting stimuli with increasing vocabulary. 690 

However, in the current study, concerns that bilingualism could be detrimental to 691 
developmental for autistic children are not upheld. The results add to a growing evidence 692 
base that bilingual exposure does not negatively impact on autistic children when com- 693 
pared to neurotypical children and extends this argument for the first time to fundamental 694 
social attentional preferences. Beyond any theoretical significance, these findings are 695 
highly relevant for clinicians and parents, who are making decisions about a child’s lin- 696 
guistic and cultural environment. Providing evidence-based guidelines that bilingualism 697 
is not likely to be harmful for development can help to alleviate some of the unfounded 698 
concerns that stakeholders frequently face.  699 

 700 
 701 
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