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Abstract 

Studies with infant siblings of children with Autism Spectrum Disorder have attempted to 

identify early markers for the disorder and suggest that autistic symptoms emerge between 

12 and 24 months of age. Yet, a reliable first-year marker remains elusive. We propose that 

in order to establish first-year manifestations of this inherently social disorder, we need to 

develop research methods that are sufficiently socially demanding and realistically 

interactive. Building on Keemink et al. (2019), we employed a gaze-contingent eye-tracking 

paradigm in which infants could interact with face stimuli. Infants could elicit emotional 

expressions (happiness, sadness, surprise, fear, disgust, anger) from on-screen faces by 

engaging in eye contact.  We collected eye-tracking data and video-recorded behavioural 

response data from 122 (64 male, 58 female) typically developing infants and 31 infant 

siblings (17 male, 14 female) aged 6-, 9- and 12-months old. All infants demonstrated a 

significant Expression by AOI interaction (F(10, 1470) = 10.003, p < .001, ŋp
2 = .064). Infants’ 

eye movements were ‘expression-specific’ with infants distributing their fixations to AOIs 

differently per expression. Whereas eye movements provide no evidence of deviancies, 

behavioural response data show significant aberrancies in reciprocity for infant siblings. 

Infant siblings show reduced social responsiveness at the group level (F(1, 147) = 4.10, p = 

.042, ŋp
2 = .028) and individual level (Fischer’s Exact, p = .032). We conclude that the gaze-

contingency paradigm provides a realistically interactive experience capable of detecting 

deviancies in social responsiveness early, and we discuss our results in relation to 

subsequent infant siblings development.  
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Lay summary 

We investigated how infant siblings of children with autism spectrum disorder respond to 

interactive faces presented on a computer screen. Our study demonstrates that infant 

siblings are less responsive when interacting with faces on a computer screen (e.g. they 

smile and imitate less) in comparison to infants without an older sibling with autism. 

Reduced responsiveness within social interaction could potentially have implications for how 

parents and carers interact with these infants.   

 

Key Words 

Autistic Disorder, Infant, Endophenotypes, Emotions, Development 
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A growing body of research has focused on the prospective study of the emergence 

of Autism Spectrum Disorder (ASD) by studying infant siblings of children with an ASD 

diagnosis (see Jones et al., 2013 and Szatmari et al., 2016 for reviews). Infant siblings are at 

elevated familial risk; ASD prevalence within this group is 20% compared to 1.5% in the 

general population (Ozonoff, 2011; Szatmari et al., 2016). Furthermore, a considerable 

proportion of non-diagnosed infant siblings present with other developmental issues 

(Charman et al., 2016; Piven et al., 2018). Uncovering early behavioural, and potentially 

symptomatic, manifestations of ASD, could lead to earlier diagnosis (Koegel et al., 2013; 

Zwaigenbaum et al., 2013) and greater opportunity for appropriate interventions that can 

significantly improve prognosis (Dawson et al., 2010; Dawson et al., 2012; Fernell et al., 

2013; MacDonald et al., 2014). Nevertheless, ASD is currently not reliably diagnosed before 

24 months of age (Steiner et al., 2011) and the median age of diagnosis in the UK is 55 

months (Brett et al., 2016). With only 1 in 5 infant siblings developing ASD, establishing a 

reliable first-year marker with predictive clinical value is pivotal to enable targeted 

intervention. Recent studies have demonstrated moderate predictive success at 14 (Bussu et 

al., 2018) and 18 months (Chawarska et al., 2014). Yet, a reliable first-year marker remains 

elusive.  

 

 In this paper, we argue that in order to reliably identify early manifestations of ASD, 

we need to carefully consider the appropriateness of the research methods we employ. 

Fundamentally, ASD is a social-communication disorder (APA, 2013); therefore, in order to 

capture subtle early deviancies in behaviour, we must develop methods that are sufficiently 

socially demanding and realistically interactive. Similarly, Bussu et al. (2018) argue that the 
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lack of reliable predictors could be due to the inability of current methods to capture ASD-

related manifestations of social skills at an early age. Consequently, we advocate the 

utilisation of gaze-contingent (GC) eye-tracking paradigms as a novel interactive method to 

study infant sibling behaviour. In GC paradigms, responses from a stimulus are contingent on 

participants’ eye movements, enabling participants to ‘interact’ with stimuli. Recent studies 

demonstrated the utility of GC paradigms with both typical and atypical populations 

(Deligianni et al., 2014; Miyazaki et al., 2014; Vernetti et al., 2018; Wang et al., 2012, Wilms 

et al., 2010). We successfully applied a GC paradigm to study face scanning in typically 

developing (TD) infants and infant siblings (Keemink et al., 2019). In our paradigm infants 

could ‘interact’ with on-screen actors by fixating pre-specified face regions. Specifically, 

fixating the eyes or mouth triggered a socio-communicative response from the actor.  GC 

paradigms are particularly suitable to study socio-communicative behaviour as they allow us 

to simulate a realistic social interaction whilst retaining empirical rigour. We enhanced the 

paradigm by video-recording participants during the ‘interactions’ to obtain a measure of 

infant socio-communicative responsiveness. Our findings demonstrated that infants are 

sensitive to differences in engagement from actors, which was visible in their eye 

movements and their overt behavioural responses. Additionally, preliminary findings from 

our small infant sibling sample suggested deviant behavioural responsiveness and atypical 

dwell time as potential early markers of ASD. The current study aims to build on these 

findings by extending the paradigm with novel, emotionally expressive stimuli and by 

including a larger sample of infant siblings.  
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 Emotional expressions are inherent to human interactions and essential socio-

communicative signals for survival (Bannerman et al., 2009). It is therefore pivotal for social 

success that infants develop the ability to discriminate, categorize, and comprehend a 

multitude of different emotions (Izard et al., 2001). Studying how infants process social-

communicative expressions is particularly relevant for infant siblings, as older children with 

ASD show difficulties in emotion processing (Dapretto et al., 2006; Begeer et al., 2008; 

Rosset et al., 2007). To date, emotion processing in infant siblings has not been studied using 

interactive faces, although several studies suggest it could be a relevant marker (Blasi et al., 

2015; Fox et al., 2013; Mattson et al., 2013; McCleery et al., 2007; Wagner et al., 2016). 

Studies with TD infants suggest that infants as young as 36 hours show some evidence of 

emotion discrimination (Addabo et al. , 2018; Farroni et al., 2007), which becomes more 

distinguished over the first few months (Barrera & Maurer, 1981; Nelson & Dolgin, 1985; 

Schwartz et al., 1985). Emotion categorization develops slightly later (Caron et al., 1988; 

Cong et al., 2018; Kotsoni et al., 2001; Ludemann, 1991), and some studies suggest that TD 

infants show expression-specific eye movements, in particular to threat-related expressions 

(Gredebäck et al., 2011; Hunnius et al., 2011). Few studies have explicitly addressed emotion 

comprehension in TD infants (Phillips et al., 1990; Soussignan et al., 2017). Several studies 

conclude an attentional bias towards fearful faces (see review Leppänen & Nelson, 2012), 

suggesting a robust understanding of its valence, although evidence is mixed. Other studies 

reason that infants are capable of understanding the valence of emotions, but evidence is 

either theoretical (Tronick, 1989) or limited to mothers’ faces (Sorce et al., 1985; Sroufe, 

1979). It is currently unclear if these behaviours develop similarly in infant siblings and 

therefore we aim to examine if and how these processes deviate in infant siblings by 
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measuring responses to gaze-contingent face stimuli portraying the six basic emotional 

expressions (happiness, anger, surprise, fear, disgust and sadness; Ekman, 1973). 

 Although eye tracking allows us to study cognitive processes in preverbal infants in a 

non-invasive manner, it is questionable as to whether eye movements alone are most suited 

to reveal meaningful socio-communicative differences between clinical groups and 

subgroups. Several eye-tracking studies report differences in fixation patterns (Chawarska et 

al., 2013; Guiraud et al., 2012; Merin et al., 2007). However, these are not always reliably 

linked to ASD diagnosis (Young et al., 2009). Moreover, a review by Falck-Ytter et al. (2013) 

highlights that although eye tracking can be a valuable method in autism research, 

integration with more naturalistic measures is needed. Interestingly, our 2019 previous 

findings results (Keemink et al., 2019) suggest that deviant behavioural responsiveness could 

be a measure of interest. The current study will investigate this further in a larger infant 

sibling sample by combining eye-tracking and natural behavioural responses. In contrast to 

previous research, our interactive paradigm enables us to incorporate a measure of infant 

responsiveness, which will be video-recorded, allowing us to investigate early socio-

communicative development in a more meaningful way. Additionally, we will adopt a novel 

analysis approach by exploring differences between TD infants and infant siblings not only at 

the group level, but also by investigating individual performance (see Keemink et al., 2019). 

We propose that infant siblings cannot be categorized as a separate group, as the majority of 

these infants will develop typically (Ozonoff et al., 2011). Meaningful deviant behaviour 

could therefore be masked at the group level.  
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 Existing research (Di Giorgio et al., 2013); Keemink et al., 2019) led us to hypothesize 

that all infants would engage in eye contact with the interactive face stimuli and therefore 

trigger the expressive responses. In TD infants, we expected to observe moderate to high 

rates of responsiveness towards the interactive stimuli (Keemink et al. 2019). In line with 

previous work, subtle differences were expected between TD and ASD in infant participants, 

characterized by behavioural responses (Fox et al., 2013; Keemink et al., 2019) and by eye 

movements (Rosset et al., 2007). Lastly, we reasoned that if infants deployed emotion-

specific eye-movements, this would support conclusions about emotion categorisation, and 

if infants demonstrated emotion-specific behavioural responses, we would be able to infer 

basic emotion comprehension. 

 

Methods 

 This study was approved by the Ethics Committee of the University of Kent (Ethics ID: 

201815168322884850) and the NHS Health Research Authority (IRAS: 239237). All parents 

signed informed consent for their infant. Data were stored and treated anonymously.  

 

Participants 

 Typically developing infants (TD) were recruited through the Kent Child Development 

Unit database including families interested in participating in research. Infants were 

considered TD if they had not been born prematurely (<6 weeks) and had no family history 

of Autism Spectrum Disorder (ASD). The final TD sample comprised 122 infants (64 male, 58 

female) consisting of 6-, 9- and 12-month-olds. A further 5 infants (2 x 6 months, 2 x 9 
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months, 1 x 12 months) were excluded due to fussiness. Infants siblings were recruited via 

The Kent Autistic Trust and Community Child Health, East Kent Hospitals University NHS 

Foundation Trust. Infants were included if they had at least one older sibling with an ASD 

diagnosis. All autistic siblings had received a formal diagnosis established by a clinical 

psychologist. The final infant sibling sample comprised 31 infants (17 male, 14 female) 

consisting of 6-, 9-, and 12-month-olds. See Table 1 for detailed participant characteristics.  

 

The Gaze-Contingent Task 

  All infants viewed 18 video-recorded, neutral-looking actors, who would produce 

expressions representing one of the six basic emotions (happiness, sadness, surprise, 

disgust, fear and anger) at the moment the infant engaged in eye contact with the actor. The 

expression produced by the actors was contingent on the infant’s first fixation in the eye 

region (see Figure 1).  All six expressions were represented three times and were presented 

in a random order. If an infant did not fixate the eye region within the trial length, the face 

would not animate and remain looking neutral. All infants included in the final sample 

completed a minimum of 15 trials. The trial length of trials where infants did fixate the eye 

area was 3 seconds (length of the video) plus the time it took infants to fixate the eye area. A 

trial would be a maximum of five seconds long. 
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Table 1 

Participant Characteristics per Age and Group 

 Age in 

Months 

N Mean Age in 

Days (SD) 

Age Range Gender (M/F) 

TD 6 46 191.1 (9.4) 176 – 194 26/20 

 9 39 281.3 (11.2) 265 - 290 18/21 

 12 37 367 (12.5) 357 - 378 19/18 

 Total 122   64/58 

HR-ASD 6 6 185 (7.2) 175 - 193 5/1 

 9 12 275.7 (7.5) 263 - 282 6/6 

 12 13 369.1 (6.8) 364 - 381 6/7 

 Total 31   17/14 

Total  153   80/73 
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INSERT FIGURE 1 HERE 

 

Stimuli 

  Stimuli consisted of 18 colour videos of 18 neutral-looking adults (9 females, 9 males) 

visible from the shoulders upward standing in front of a green screen (See Figure 2). All 

stimuli were of Caucasian origin, with the exception of one mixed race stimulus. Race did not 

affect infant responses. All images subtended a size of 24.77 degrees x 18.25 degrees in 

visual angle and were presented on a 20-inch monitor with a resolution of 1024 by 768 

pixels. Discrete gaze-contingent ‘invisible boundaries’ for the eye region were defined 

individually for each face. All eye regions measured 8.3 x 3.4 degrees. 

 

 

INSERT FIGURE 2 HERE 

 

Equipment 

 Eye movements were recorded with an Eyelink 1000+ (SR Research, Ontario) at a 

sampling rate of 500 Hz operated in Remote Mode using a 25mm lens attachment. Under 

optimal conditions, when operating in Remote Mode the Eyelink has accuracy of 0.5°, a 

tracking range of 32° (horizontal) x 25° (vertical) and is tolerant to head movements of 

22x18x20cm. In order to minimise head movements, infants were securely fastened in an 
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age-appropriate car seat that was safely attached to a chair. Stimuli were presented using 

Experiment Builder (SR Research, Ontario) and the raw eye movement data were extracted 

using Data Viewer (SR Research, Ontario). Fixations and saccades were subsequently parsed 

in Matlab (The Mathworks, MA, USA) using custom written code. All subsequent data 

processing was conducted in Matlab.  In addition, infants’ behavioral responses were 

recorded with a Logitech webcam. Recordings were analyzed frame-by-frame and coded by 

one of the researchers and an independent, blind coder.  

 

Procedure  

Families were welcomed in a child-friendly area of the Kent Child Development Unit. 

Parents were asked to sign a consent form before being escorted to the quiet research 

laboratory with dimmed lighting. Infants were seated in an age-appropriate seat at a viewing 

distance of 60cm from a monitor. An occluding screen prevented the infant from being 

distracted by their surroundings. Binocular eye-tracking data and infants’ behavioural 

responses were recorded throughout. A 5-point calibration procedure using custom-made 

attention-grabbing audio-visual targets was conducted and repeated as necessary. To ensure 

that all eye movement data was accurate, all infants were calibrated and validated to within 

1° and checks for drift were assessed between every single trial. No infant failed to calibrate. 

Following calibration, the task was initiated. An attention grabber appeared at the side of 

the screen between each stimulus presentation that ensured the infant’s gaze for the 

beginning of each trial. The study lasted approximately three minutes. 
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Behavioral Coding 

 Infants’ behavioral responses were video recorded with a webcam. Eye-movement 

data were time-locked with behavioral data to ensure that infants’ behavior occurred in 

response to the triggered animation. Subsequently, recordings were analyzed frame-by-

frame to code the infants’ responses. Responses could be categorized as approach (e.g. 

smiling), withdrawal (e.g. averting gaze), ambiguous (e.g. arbitrary head movements), or 

non-response (no change in facial expression/behavior).  Subsequently, behavioural 

response data was compared to the eye-tracking data to determine the frequency of 

imitation. All recordings were coded by a researcher and a blind coder. Inter-coder reliability 

was high (r =.89, p <.001). 

 

Eye movements 

We used a velocity-based algorithm to identify saccades that has been successfully 

implemented in several recently published papers (Keemink et al., 2019; Kelly et al., 2019; 

Prunty et al., 2020). Data was smoothed by applying a 4-sample rolling window that 

returned a median average. Angular speed was computed based on four samples. Velocity 

values greater than 1000°/sec were judged to be impossible and removed from analysis. We 

set a velocity threshold of 40°/sec, with samples falling below this value identified as 

potential fixation samples. Time and distance between 2 potential fixations were calculated. 

If inter-fixation values were <20ms and <.03° then fixations were merged. All fixations 

<100ms were removed. Following Holmqvist et al. (2012), precision values were calculated 

as the root mean square (RMS) of sample-to-sample distances within computed fixations. 
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Precision was calculated separately for each age group and results were as follows: 6 months 

= 0.71° (SD = 0.12°), 9 months = 0.64° (SD = 0.08°) and 12 months = 0.61° (SD = 0.09°). 

In order to identify fixations directed to key face features, AOIs were constructed 

individually for each face stimulus. The size of AOI regions was identical across all faces (Eyes 

= 8.3° x 3.4°; Nose = 3.6° x 2.4°; Mouth = 6.2° x 3.4°) but AOI locations differed spatially as 

dictated by the physiognomic proportions of individual faces.  

 

 

Results 

Power analysis 

 A priori power analyses were based on the effect sizes of Keemink et al. (2019). With 

our total sample of 122 TD infants and 31 infants siblings, all main and interaction effects 

adhere to a power of at least .80.  

 

Analysis plan  

 First, the results will describe eye movement analyses exploring differences in overall 

Dwell Time and in looking time towards the distinct Areas of Interest (AOIs). Subsequently, 

we will analyse infants’ behavioural responses investigating differences in overall 

Responsiveness, Imitation and Smiling. The within-subject variables are Expression (six levels 

- happiness, surprise, dear, disgust, anger, sadness) and AOI (three levels – eyes, mouth, 

nose). The between-subject variables are Age (three levels - 6-, 9- and 12-month-olds) and 
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Group (two levels – typically developing infants and infant siblings). Age has been included 

to demonstrate consistency of results across ages, no age differences were found. Analyses 

revealed no effect of participant gender, so this factor was excluded.  

 The analyses will firstly be discussed at group level using repeated measures 

ANOVAs. However, since only 1 out of 5 infant siblings will receive an ASD diagnosis (Ozonoff 

et al., 2011), we argue that group-level analyses might not be sufficient. This may result in 

meaningful individual differences  remaining unnoticed. Similar to Keemink et al. (2019), we 

will therefore additionally discuss the performance of individual infant siblings relative to TD 

behavior by investigating the frequency of deviant behavioral responses for each measure. 

Infants were deemed of interest if their behavior fell +/- 1.5 standard deviations from the 

sample mean (cf. Kelly et al., 2011). Fisher’s exact tests explored the difference in frequency 

of deviant z-scores between TD infants and infant siblings.   

 

Eye movement analyses – Group Level 

 Overall Dwell Time. The dependent variable for these analyses was total looking 

time in seconds. A 6 x 3 x 2 repeated measures ANOVA yielded a significant main effect of 

Expression, F(5, 735) = 4.949, p < .001, ŋp
2 = .033. Post-hoc analyses revealed that infants 

looked signifcantly longer at surprised expressions compared to happy (p < .001), fearful (p = 

.003), disgusted (p < .001), angry (p = .035) and sad expressions (p < .001) (See Table 2 for 

means) across all ages and regardless of group status.  

 AOIs. The dependent variable for these analyses was percentage of total looking 

time. A 3 x 6 x 3 x 2 repeated measures ANOVA revealed a significant main effect of AOI, F(2, 
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294) = 58.331, p < .001, ŋp
2 = .284. Post-hoc inspection of means confirmed that across 

expressions eyes were fixated more (31.9%) than nose (13.8%, p < .001) and mouth (15.9%, 

p < .001) by infants of all ages and regardless of group status. Additionally, a significant 

Expression x AOI interaction was found F(10, 1470) = 5.592, p < .001, ŋp
2 = .037, with infants 

distributing their fixations to AOIs differently per expression (see Table 3). 

 

Eye movement analyses – Individual Performance 

 Dwell Time & AOI. For overall Dwell Time and AOIs, we computed z-scores and 

explored the frequency of deviant z-scores for TD infants and infant siblings. Fisher exact 

tests revealed no significant differences in frequency. Infant siblings and TD infants showed 

no differences in their eye movements whilst watching expressive stimuli in our paradigm.  

 

Behavioural analyses – Group Level 

 Overall Responsiveness. Descriptive statistics demonstrated that on average infants 

showed a behavioral response on 58% of trials. A 6 x 3 x2 repeated measures ANOVA on 

percentage of trials yielded a significant main effect of Expression, F(5, 735) = 3.301, p = 

.006, ŋp
2 = .022. Infants in all age groups responded more towards happiness relative to 

surprise (p = .001), fear (p = .009) and sadness (p = .003), and more toward disgusted 

expressions compared to surprised expressions (p = 0.12).  

 Imitation. Descriptive statistics demonstrated that on average infants showed 

imitation on 5.56% of trials. A 6 x 3 x 2 repeated measures ANOVA conducted on percentage 

of trials revealed a significant main effect of Expression, F(1, 147) = 27.734, p < .001, ŋp
2 = 
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.159. Infants in all age groups imitated happiness significantly more than other expressions 

(all p < .001). Additionally, a significant main effect of Group, F(1, 147) = 7.262, p = .008, ŋp
2 = 

.047 demonstrated that infant siblings exhibited less imitation (3.04%) than TD infants 

(6.21%). 

 Smiling. On average infants smiled on 21.24% of trials. A 6 x 3 x 2 repeated measures 

ANOVA conducted on percentage of trials revealed a significant main effect of Group, F(1, 

147) = 4.10, p = .042, ŋp
2 = .028. Infant siblings showed less smiling (12.58%) than TD infants 

(23.37%).  

 

Behavioural analyses – Individual Performance  

 We computed z-scores for overall responsiveness, and explored the frequency of 

deviant z-scores. For imitation and smiling rates, the restricted range of values (resulting in 

no normalised values falling below -1.5 SDs) required us to take an alternative approach. For 

these measures, we examined the frequency of absence and presence of the behaviour.  

 Responsiveness. Inspection of z-scores revealed that eight out of 31 infant siblings 

(25.81%) produced unusually low rates of responsiveness relative to only 12 out of 122 TD 

infants (9.84%). A Fisher’s Exact Test yielded a significant difference in frequency, p = .032. 

 Imitation. Inspection of z-scores revealed that 19 out of 31 infant siblings (61.29%) 

did not show any evidence of imitation relative to 43 out of 122 TD infants (35.25%). A 

Fisher’s Exact Test yielded a significant difference in frequency, p = .013. 

 Smiling. Inspection of z-scores revealed that 17 out of 31 infant siblings (54.84%) did 

not exhibit any smiling. Conversely, 41 out of 122 TD infants (33.61%) showed similar 

behavior. A Fisher’s Exact Test yielded a significant difference in frequency, p = .038. 
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Table 2 

Mean Looking Time (in seconds) for Each Expression 

Expression Mean (SE) 

Happy 3.830 (.093) 

Surprise 4.259 (.073) 

Fear 3.914 (.098) 

Disgust 3.869 (.087) 

Anger 4.056 (.075) 

Sadness 3.874 (.083) 
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Table 3 

Mean Proportion of Looking Time per AOI for Each Expression 

Expression AOI Mean (SE)  

Happy Eyes .307 (.020) 

 Nose .144 (.014) 

 Mouth .159 (.016) 

Surprise Eyes .285 (.021) 

 Nose .137 (.012) 

 Mouth .227 (.018) 

Fear Eyes .375 (.023) 

 Nose .100 (.012) 

 Mouth .125 (.015) 

Disgust Eyes .345 (.022) 

 Nose .132 (.014) 

 Mouth .138 (.015) 

Anger Eyes .301 (.020) 

 Nose .175 (.015) 

 Mouth .161 (.018) 
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Sadness Eyes .299 (.022) 

 Nose .138 (.014) 

 Mouth .146 (.016) 

 

Discussion 

 The present study aimed to contribute to the emerging literature on early 

manifestations of ASD in infant siblings by assessing infants’ eye-movements and behavior in 

response to GC stimuli conveying socio-communicative information. This interactive 

research paradigm gives us a better understanding of how infants, both typically developing 

and at risk for atypical development, process expressive socio-communicative faces. Our 

findings underscore the strengths of the GC paradigm as an interactive and socially 

demanding research method capable of detecting early manifestations of ASD and highlights 

the additional value of behavioural responses in an eye-tracking task.   

 

Eye-tracking responses 

 In line with Keemink et al. (2019), all infants engaged in eye contact and triggered the 

expressive responses. Additionally, infants employed expression-specific eye movements, 

indicating that they are capable of perceiving visual differences between expressions, and 

confirming previous studies on emotion categorisation and discrimination (e.g. Hunnius et 

al., 2011). Eye-movements analyses revealed no meaningful differences between TD infants 

and infant siblings at both the group and individual level, suggesting that visual exploration 
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of interactive faces in infant siblings is typical and other measures are required to reliably 

observe early deviancies.  

 

Behavioural responses 

 Our paradigm demonstrated that infants do not show expression-appropriate 

behavioural responses in the first year of life. While eye-movement patterns differ across 

expressions, infants’ typical behavioural response is smiling regardless of group status. With 

the exception of ‘happiness’ to which infants readily respond with a smile, infants are not 

providing behavioural responses that suggest conceptual understanding at this age. 

Furthermore, imitation for expressive faces is appears to be rare. Although previous 

research suggest mimicry of emotional and non-emotional facial actions from 4 months of 

age (de Klerk et al., 2018; Isomura & Nakano, 2016), these studies only presented infants 

with simple actions, such as ‘mouth opening’, and not with full, complex expressions.  

 We argued that group-level analyses might not be sufficient to detect symptomatic 

behaviour in infant siblings, as they cannot be treated a separate group, which was clearly 

corroborated by our behavioural findings. Whereas differences in imitation and smiling 

yielded significance at group level, responsiveness did not. However, looking at individual 

behaviour, our results revealed that the frequency of deviant behaviour on all three 

measures is higher in infant siblings when viewing interactive emotional faces. This cannot 

be explained by a difference in the amount of triggered expressions, as infant siblings and TD 

infants triggered expressions equally. These findings converge with studies on parent-infant 

interaction in infant siblings (Wan, et al., 2012) and neuropsychological research on 
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expression processing in children with ASD (Dapretto et al., 2006), and align with the APA 

(2013) criteria of ASD. In addition to demonstrating the need for individual analyses, our 

behavioural findings compellingly underline the value of video recordings during eye-

tracking tasks as a measure of early behavioural differences in infant siblings. The 

behavioural measures offered an in-depth analysis of the interaction and enabled the 

detection of subtle socio-communicative differences.  

 A limitation to this study is the lack of infant sibling follow-up data. Evidently, follow-

ups with our participants are required to establish the predictive value and specificity of our 

measures (Piven et al., 2018), for which we have now started the first phase. Future studies 

should aim to recruit a larger sample of infant siblings and should include follow-up data. 

Nevertheless, our method has yielded promising results and this study has sprovided an 

important first step in establishing deviancies in behavioural responsiveness.  

 

Implications for infant sibling development  

 Reduced responsiveness to socio-emotional, interactive stimuli has demonstrable 

implications for further infant sibling development. The infant is part of a social world, in 

which responses are contingent upon input. Arguably, diminished responsiveness affects the 

frequency and ways their social world responds to infants (Leezenbaum et al., 2014). Indeed, 

studies on parent-infant sibling interaction suggest that parents display less infant-sensitive 

responses and obtain more directive interaction styles (Wan et al, 2012; Yirmiya et al., 

2006). Such interaction styles may in-turn affect the infant, as research with typical 

populations underscores the importance of contingent parental responsiveness for cognitive 

and social development (Ainsworth et al., 1974; Tamis-LeMonda et al., 2014). Future 
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longitudinal studies examining how infant sibling and parent interactional behaviours affect 

each other are required for further understanding of the mechanisms behind this potential 

developmental trajectory of ASD, which subsequently can inform intervention.   

 It is important to note that we do acknowledge there may be many different 

pathways to ASD, which is supported by research (Jones et al., 2014; Landa et al., 2012). 

Considering the heterogeneity of the disorder, it seems highly unlikely that one behavioural 

marker will be present in all infants who develop ASD. Nevertheless, our findings contribute 

to the literature on early markers by demonstrating that behavioural measures within the 

GC paradigm are capable of detecting early differences.  

 

Conclusion 

 Despite its potential clinical utility and interactive nature, no studies to date have 

investigated early socio-communicative deviancies using a GC paradigm. We demonstrated 

that video recordings during a GC eye-tracking task can detect early deviances in behavioural 

responsiveness in infant siblings. Additionally, our study contributed to the wider infant 

literature by confirming that infants perceive visual differences between expressions and 

demonstrating that infants conceptual understanding is at its best rudimentary in the first 

year of life. We advocate for the implementation of GC paradigms within developmental 

research, as its interactive nature has the potential to study numerous social processes in 

different populations. Our findings hold important implications for early infant sibling 

development that need to be investigated further in order to provide adequate support as 

early as possible.  
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