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2 

Abstract 1 

 2 

Social motivation accounts of autism spectrum disorder (ASD) posit that individuals with 3 

ASD find social stimuli less rewarding than neurotypical (NT) individuals. Behaviorally, this 4 

is proposed to manifest in reduced social orienting (individuals with ASD direct less attention 5 

towards social stimuli) and reduced social seeking (individuals with ASD invest less effort to 6 

receive social stimuli). In two meta-analyses, involving data from over 6000 participants, we 7 

review the available behavioral studies that assess social orienting and social seeking 8 

behaviors in ASD. We found robust evidence for reduced social orienting in ASD, across a 9 

range of paradigms, demographic variables and stimulus contexts. The most robust predictor 10 

of this effect was interactive content - effects were larger when the stimulus involved an 11 

interaction between people. By contrast, the evidence for reduced social seeking indicated 12 

weaker evidence for group differences, observed only under specific experimental conditions. 13 

The insights gained from this meta-analysis can inform design of relevant task measures for 14 

social reward responsivity and promote directions for further study on the ASD phenotype. 15 

 16 

 17 

Keywords: meta-analysis; autism; social motivation; social seeking, social orienting, social 18 
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 1 

1. Introduction 2 

Autism Spectrum Disorder (ASD) are commonly characterised by atypical patterns 3 

of social behaviour as well as restricted range of interests and repetitive behaviour. In 4 

describing the social behavioural features of ASD, diagnostic accounts refer to “persis tent 5 

deficits in social communication and social interaction”, including ‘failure to initiate or 6 

respond to social interactions’, ‘deficits in nonverbal behaviors used for social interaction’ 7 

and ‘deficits in developing, maintaining and understanding relationships’ (American 8 

Psychiatric Association, 2013). A tremendous amount of theoretical and experimental 9 

effort has been expended in an attempt to understand these differences in social behaviours 10 

observed in ASD.  11 

Historically, many efforts to understand these atypicalities have been cognitive 12 

models that ascribed a central role to concepts such as ‘theory of mind’ (Frith & Frith, 2005), 13 

‘central coherence’ (Happé, 2005) or ‘executive dysfunction’ (Hill, 2004). By contrast, an 14 

independent category of accounts instead emphasise deficits in motivational processes 15 

(Dawson, et al., 2005; Kohls et al., 2011; Kohls et al., 2012). According to such accounts, 16 

social behaviors in ASD may signal a “little or no social interest” (Grelotti et al., 2002), or 17 

even “an aversion to social stimuli” (Helt et al., 2008). These social motivation deficit 18 

accounts were synthesised in 2012 and formalised as the Social Motivation Theory (SMT) of 19 

ASD (Chevallier et al., 2012).  20 

SMT states that individuals with ASD have an altered reward neurocircuitry 21 

(Bachevalier & Loveland, 2006; Dölen, 2015; Modi & Young, 2012; Peça et al., 2011) and as 22 

a consequence, find social stimuli less rewarding than neurotypical (NT) individuals. SMT 23 

describes the typical behavioral consequences of this reduced social motivation. There are 24 

three components of SMT: social orienting, social seeking, and social maintaining that relate 25 
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to distinct cognitive processes and can be evidenced by distinct sets of behaviors (Chevallier 1 

et al 2012). SMT holds that these behaviors are reduced in ASD.  2 

Social orienting relates to the extent to which social stimuli are prioritised in 3 

attentional selection. Social seeking relates to the overt behavioral effort expended to obtain 4 

social stimuli. Researchers have developed several related, circumscribed paradigms to 5 

measure these components that have been employed in multiple studies (Dubey et al., 2017; 6 

Kohls et al., 2011; Pierce et al., 2011). The third component, social maintaining, relates 7 

instead to the behavioural adaptations to present oneself in a socially desirable manner to 8 

ensure long term social affiliations. In contrast to the first two components, social 9 

maintaining involves a range of diverse complex behaviours such as reputation management, 10 

prosocial acts, flattering, imitation, that are generally difficult to measure in lab-based 11 

settings. Empirical attempts to quantify these diverse social maintaining behaviors have used 12 

a rather heterogeneous set of paradigms, which renders a meta-analytic combination of these 13 

effects problematic (Cage at al., 2013; Liebal et al., 2008; Barbaro and Dissanayake., 2007; 14 

Marsh et al., 2013; Vivanti et al., 2017). Therefore, in the interest of consistency and 15 

interpretability, whilst reflecting the majority of empirical work on SMT, this paper focuses 16 

its scope by only reviewing the first two components (orienting and seeking). 17 

 18 

1.1. Justification and Scope of the Present Review 19 

As the research base surrounding SMT has grown, so too has skepticism. Some 20 

neuroimaging studies indicate that atypical reward responsivity in ASD may be more 21 

generalised than initially theorised - and may extend to processing of both social and 22 

nonsocial stimulus categories (Dichter et al., 2012; Scott-Van Zeeland et al., 2010). Recent 23 

years, in particular, have seen robust challenges to SMT accounts of ASD (Jaswal & Akhtar, 24 

2019). In this context, a focused, quantitative synthesis of the available literature is both 25 
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timely and important. Here, we provide this via a meta-analysis of the available behavioral 1 

literature.   2 

 To help place the present review in the context of previous efforts, in Table 1, we 3 

summarise the existing reviews that examine social motivation in relation to ASD alongside 4 

the present effort. There are eight existing reviews. Five of these contain a quantitative 5 

element. However, the total number of subjects and studies included in these reviews are 6 

limited by their restricted focus. Moreover, inspecting this list of reviews reveals some 7 

important gaps in the literature. Several meta analyses of social orienting behaviors have been 8 

conducted (Chita-Tegmark, 2016a, 2016b; Frazier et al., 2017). Critically though, these only 9 

consider data emanating specifically from studies employing an eye-tracking methodology 10 

and therefore ignore data from other experimental paradigms that index social orienting. 11 

 More gaps are apparent when we examine the existing reviews of social seeking 12 

behaviors. There has only been one quantitative synthesis of the existing literature, conducted 13 

by Clements and colleagues (2018). This review only considered neuroimaging studies, of 14 

which only 13 met their eligibility criteria. The remaining articles are either narrative reviews 15 

or theoretical commentaries (i.e. with no quantitative element).  In this context, there is a 16 

clear need for an updated, more comprehensive quantitative synthesis of the available 17 

behavioral evidence. To focus this effort, we begin by providing definitions of social 18 

orienting and social seeking with reference to example paradigms and studies. 19 

 20 

INSERT TABLE 1 HERE 21 

 22 

1.2. Social Orienting 23 

1.2.1. Definition 24 
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 Given capacity limits, our perceptual systems must direct processing resources to 1 

salient inputs for further processing (Marois & Ivanoff, 2005). Here, we define ‘social 2 

orienting’ as the extent to which social stimuli are prioritised in this selection process. This 3 

broad definition is motivated by the initial description of SMT, which proposed that reduced 4 

social orienting in ASD was evidenced by ‘looking more at background than characters while 5 

watching static social photographs” , “fixating less on people, faces and eyes than on other 6 

regions of interest”  and “showing a preference for nonsocial patterns” (Chevallier et al., 7 

2012). It is important to note, therefore, that this concept of ‘orienting’ is somewhat broader 8 

than the definition of ‘attentional orienting’ commonly used in experimental cognitive 9 

psychology, where orienting tends to refer solely to the initial allocation of attention and is 10 

distinguished from the subsequent ‘maintenance’ of attention (Posner, 1980; Posner, Snyder, 11 

& Davidson, 1980). Social orienting has been operationalised in a number of ways. This 12 

includes direct measures, such as recording of an observer’s gaze preference via eye-tracking 13 

(Klin et al., 2009), or more indirect, such as via manual responses that measure the latency at 14 

which an observer detects a stimulus (e.g., in a visual search task, such as Pruett et al., 2013), 15 

or responds to a co-located probe at the location previously occupied by a social stimulus 16 

(e.g., in a dot-probe task, such as Moore et al., 2012). Some typical social orienting 17 

paradigms are explained below.  18 

 19 

1.2.2. Typical Paradigms 20 

1.2.2.1. Gaze Preference Paradigms. In gaze-preference paradigms, eye-tracking is 21 

employed to record the location of an observers gaze. In the context of social orienting 22 

studies, an observer's gaze is recorded during (typically passive) viewing of either i) a single 23 

scene involving social (people) and non-social elements (objects) (Amso et al., 2014)  ii) a 24 

competing social and non-social stimulus, presented either side of fixation (Pierce et al., 25 
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2011) (See Figure 1a). Social orienting is then typically measured via one of three metrics i) 1 

The proportion of total gaze duration directed at a social stimulus ii) The latency at which an 2 

observer first fixates on a social stimulus. iii) The proportion of trials wherein an observer's 3 

first fixation is directed to a social stimulus. In such studies, reduced social orienting in ASD 4 

would be evidenced by i) a smaller proportion of gaze directed towards the social stimulus ii) 5 

later first fixations on a social stimulus, or  iii) a smaller proportion of trials wherein an 6 

observer's first fixation is directed to a social stimulus.  7 

 8 

 1.2.2.2. Visual Probe. The generic trial sequence of a typical visual probe task is 9 

shown in Figure 1b (Chica et al., 2014). Firstly, observers maintain a central fixation. Next, a 10 

social and non-social image (cues) are presented on either side of fixation for a brief duration 11 

(typically ~ 500 ms). After the cues are removed, a probe is presented, either at the location 12 

preceded by the social image (valid location), or the non-social image (invalid location) 13 

(Shah et al., 2013). The observer's task is typically to indicate the location of the probe (left 14 

or right of fixation) as quickly and accurately as possible. The logic is that if observers 15 

preferentially orient to the social image, this would result in faster response times when the 16 

probe appears in the valid location, relative to the invalid location (i.e. an effect of cue 17 

validity). Reduced orienting to social stimuli in ASD would be manifested in a smaller effect 18 

of validity.       19 

 20 

 1.2.2.3. Visual Search. In the visual search paradigm (Figure 1c), observers are 21 

typically presented with an array of multiple stimuli and are instructed to make a manual 22 

response upon their detection of a target amongst distractor objects (Pruett et al., 2013).  23 

Reduced orienting to social stimuli in ASD would be manifested in delayed detection of 24 

social targets. 25 
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 1 

 1.2.2.4. Breaking Continuous Flash Suppression (bCFS). In bCFS, a dynamic 2 

masking pattern is presented to one eye, which suppresses conscious perception of a target 3 

stimulus presented to the other for long durations until it breaks this suppression and becomes 4 

visible (Figure 1d). In such paradigms, the initial suppression duration is used as a correlate 5 

of the perceptual selection of the target stimulus (Hedger et al., 2016; Stein et al., 2011). An 6 

observer is instructed to respond when they are able to report the location of the target. In 7 

such studies, reduced orienting to social stimuli in ASD would be manifested in delayed 8 

detection of social stimuli.    9 

 10 

INSERT FIGURE 1 HERE 11 

 12 

1.3. Social Seeking 13 

1.3.1. Definition 14 

 Social seeking relates to the behavioural effort made to receive social stimuli. It is 15 

proposed that our reward system is driven by the experience of hedonic pleasure which 16 

generates “psychomotor eagerness” to approach sources of pleasure (Wright & Panksepp, 17 

2012). The state of seeking has a clear declarative goal and/or explicit expectations of 18 

outcome, distinguishing it from other states of reward motivation such as “liking” which can 19 

be a conscious or unconscious experience of pleasure (Berridge et al., 2009). The appetitive 20 

state of seeking is hence tightly linked to associative learning, anticipatory predictions, and 21 

psychomotor activation (Alcaro et al., 2007). Seeking of social stimuli can be inferred from 22 

behavioral responses that index the incentive value of social stimuli. This may include i) 23 

faster, or more accurate responses under conditions where social rewards are anticipated, ii) 24 

increased frequency of choices based on the learned association that social rewards will be 25 
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received iii) investing greater effort/time in exchange for social stimuli. Thus, the key 1 

difference between tasks measuring social orienting and social seeking is that seeking tasks 2 

index the participant’s behavioural response in anticipation of receiving the desired reward. 3 

Some typical categories of paradigm designed to index “social seeking” are explained below.  4 

 5 

1.3.2. Typical Paradigms 6 

1.3.2.1. Social Incentive Tasks.  This set of tasks use an anticipatory response as a 7 

measure of social seeking (Spreckelmeyer et al., 2009). In such tasks, fast or accurate 8 

responses are incentivised by a preceding cue that signals the subsequent reward of a social 9 

or non-social stimulus. This set of tasks therefore encompasses paradigms such as social 10 

incentive delay tasks (Kohls et al., 2018), or incentive go/ no go tasks (Kohls et al., 2011). 11 

Such tasks are generally structured into blocks of trials containing presentations of social and 12 

non-social rewards. Participants are informed about the type of reward expected in a block at 13 

the start. 14 

 A generic trial sequence of a typical social incentive task is shown in Figure 2a. At 15 

the beginning of the trial, participants are typically presented with a cue indicative of the 16 

ensuing reward. For instance, a cross may indicate the receipt of a social stimulus, and a 17 

circle may indicate the receipt of a non-social stimulus. In the anticipation phase, the 18 

participant waits for a brief duration. During the subsequent target phase, participants are 19 

expected to make a response (or non-response) within a specific duration to receive the 20 

anticipated social or non-social reward. Critically, if the response is made too late, or an 21 

inappropriate response is made, then the anticipated stimulus is not received. In such studies, 22 

enhanced seeking of social stimuli may be reflected in a faster reaction time, or a larger 23 

proportion of accurate responses in social than non-social trials. 24 

 25 
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 1.3.2.2. Choice-based Tasks. This set of tasks use alternative forced-choice 1 

behaviors as an index of social seeking. In such paradigms, participants are presented with a 2 

display of multiple (usually two) cue stimuli. One of these cues is associated with the 3 

subsequent receipt of a social outcome (e.g., images or videos of smiling people) and the 4 

other is associated with a non-social outcome (e.g., images or videos household objects, cars, 5 

trains) (Dubey et al., 2017; Ruta et al., 2017). On each trial, participants are given a free 6 

choice to either select the cue associated with social or non-social outcome. Participants make 7 

choices based on associative learning and experience of pleasure on receiving the social/non-8 

social rewards over the course of the experiment. In such tasks, reduced social seeking in 9 

ASD is manifested in a lower proportion of choosing the cue associated with the receipt of 10 

social stimuli. An example of a choice-based task is presented in Figure 2b. 11 

 12 

1.3.2.3. Expenditure Tasks. In this set of tasks, the effort expended to prolong / 13 

increase exposure to social stimuli is used to index social seeking. For example, participants 14 

are presented a stimulus briefly and they are expected to make multiple/ quick button presses 15 

to increase the duration that a stimulus is presented for, or the amount of it that is presented 16 

(Ewing et al., 2013; Gilbertson et al., 2017; Traynor et al., 2019). An example of an 17 

expenditure task is presented in Figure 2c. In such studies, reduced social seeking would be 18 

reflected in a lower number of / slower speed of button presses made to receive social 19 

stimulation.  20 

  21 

INSERT FIGURE 2 HERE 22 

 23 

2. Study 1: Meta Analysis of Social Orienting Effects 24 

2.1. Methods 25 
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2.1.1. General Inclusion Criteria 1 

We implemented the following criteria to determine the studies eligible for our analysis. 2 

1. The study was conducted on human participants. 3 

2. The study was published before November 2019. 4 

3. We only included studies that contained both a group of participants reported to have 5 

a diagnosis of an ASD and a group of NT control subjects. This decision was made 6 

because only this design allows computation of an outcome measure that reflects 7 

reduced social orienting/seeking in ASD relative to NT subjects.  Note that this 8 

decision implies the following: 9 

 i) We excluded studies that examined social motivation exclusively in a group 10 

of ASD subjects or exclusively a group of NT subjects (e.g., Yamasue et al., 2018). 11 

 ii) We did not consider groups that were defined by some other clinical 12 

diagnosis as being a control group (e.g., Schizophrenia, Williams Syndrome). For 13 

instance, studies that compared social motivation between individuals with ASD and 14 

fragile X syndrome were excluded (e.g., Crawford et al., 2015; Riby et al., 2008). 15 

 iii) We did not include studies whose design was correlational. This excluded 16 

studies whose primary outcome measure was the association between autistic traits 17 

(for instance, as defined by the autism quotient - AQ) and social motivation in the 18 

general population (e.g., Madipakkam et al., 2019). 19 

 iv) We did not include studies that investigated ASD by employing a group of 20 

participants at ‘high familial risk’ of ASD (e.g., Chawarska et al., 2016; Dalton et al., 21 

2007; Merin et al., 2007) 22 

v) We did not include case studies/ clinical observations of individual 23 

participants. 24 
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vi) Some studies included two control groups - those identified as being at 1 

‘high risk of ASD’ and those identified as being at ‘low risk of ASD’ (e.g., 2 

Chawarska et al., 2013). In these cases, we opted to include only those at ‘low risk’ as 3 

our NT group. 4 

 5 

4. We only included studies that contained presentations of both social and non-social 6 

stimuli. Studies that included exclusively social stimuli were excluded, because group 7 

differences in behavior could reflect generalised differences in 8 

motivation/engagement that are not specific to social stimuli. Additionally, we also 9 

did not include comparisons between stimuli that varied in sociality if both stimuli 10 

were inherently social in nature. For instance, in the context of some studies, a face 11 

with eyes concealed by sunglasses is considered the less socially engaging stimulus, 12 

whilst a face with unconcealed eyes is considered the more socially engaging stimulus 13 

(e.g., Cañigueral & Hamilton, 2019). Since neither of these stimuli constitute a ‘non-14 

social’ stimulus, we did not include such effects in our analysis.  15 

5. Our focus on behavioral outcomes implied that we did not include neuroimaging 16 

studies (e.g., fMRI, EEG), or studies of peripheral physiological responses (e.g., 17 

galvanic skin response) unless they also reported behavioral data. 18 

6. If studies included a mood induction, therapeutic intervention or drug administration 19 

expected to modulate social orienting/ seeking behaviors, only data from before the 20 

intervention (i.e. at baseline) were included (e.g., Kanat et al., 2017). 21 

7. Studies that were reanalyses of existing data were excluded. In addition, some studies 22 

reported that a portion of their subjects came from an existing dataset (Pierce et al., 23 

2011). We excluded such studies if they did not independently report the outcome 24 

measures for the novel subjects. 25 
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8. Papers were only included if sufficient information was available to compute an effect 1 

size. If the information was not reported via means, standard deviations, t, F or p 2 

values in the text, we extracted these values from figures using ‘Graphclick’ software 3 

(Arizona Software, n.d.). Additionally, if ranges or interquartile ranges were the only 4 

measures of dispersion reported/ plotted, we used standard routines for estimating 5 

standard deviations from these values (Wan et al., 2014). If no exact p value was 6 

reported (e.g., p < .050) we estimated an effect size by making the most conservative 7 

assumption (i.e. p = .049). Following meta-analytic convention, if an effect was 8 

reported to be ‘non-significant’, without any further statistics reported, we estimated 9 

an effect size assuming that p =.50 (Cooper & Hedges, 1993). In practice, these 10 

strategies were only applied to 2 and 1 of the total number of effects, respectively (see 11 

supplementary table S2). Also note that this latter strategy was only employed if 12 

sufficient information were available to determine the direction of the effect (from the 13 

text or figures).  14 

 15 

2.1.2. Additional Coding and Inclusion Decisions for ‘Social Orienting’ Effects 16 

 In our analysis of social orienting, we examined studies that allowed us to assess 17 

reduced orienting to social stimuli (relative to non-social stimuli) in ASD relative to NT 18 

participants. We therefore adopted the following additional criteria for this class of studies. 19 

 20 

1. Most importantly, included effects had to involve direct, competing presentations of 21 

social and non-social stimuli within the experimental display. This competition could 22 

be between two distinct scenes on either side of a display (e.g., Pierce et al., 2011), or 23 

between multiple stimuli within the same scene (e.g., Fletcher-Watson et al., 2009; 24 

Klin et al., 2002). Studies that involved only isolated presentations of social stimuli 25 
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were excluded. Most commonly, this implied the exclusion of eye-tracking studies 1 

that investigate emotional expression recognition strategies (e.g., Auyeung et al., 2 

2015; Pelphrey et al., 2002). In such studies, the stimulus is typically an isolated face 3 

presented on a uniform background. The primary outcome measures in such studies 4 

are the proportion of fixations on different facial features (eyes, mouth etc). As such, 5 

there is no real attentional competition between social and non-social stimuli in such 6 

paradigms. Therefore, a minimum requirement for the inclusion of gaze reference 7 

studies was that at least one alternate area of interest (AOI) was defined in addition to 8 

the social AOI. 9 

 10 

2. Several gaze-preference studies reported data for multiple AOIs within social stimuli. 11 

For instance, some studies reported the proportion of gaze directed into the eyes and 12 

mouth (e.g., Tenenbaum et al., 2017). An analysis of gaze differences to distinct 13 

subregions of face stimuli is beyond the scope of this review. In these cases, we 14 

followed a similar procedure to Chita-Tegmark (2016b) and pooled the data across the 15 

AOIs to define a singular social AOI. Note that, in addition to pooling means, this also 16 

required a method for pooling the variances across AOIs, which we report in 17 

Supplementary Material S1.   18 

 19 

3. We only included studies wherein orienting was measured via objective behavioral 20 

criteria, such as eye-tracking, or by the speed of an observer's manual responses. This 21 

entailed excluding a subset of infant studies, wherein experimenters make 22 

observational judgements as to what constitutes ‘orienting’ behavior (Bhat et al., 23 

2010; G. Dawson et al ., 1998; Mosconi et al., 2009). Such studies often rely on 24 

retrospective analyses of video tapes, which implies obvious limitations, including 25 
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great variations in settings and poor reliability both spatially and temporally in 1 

estimating the location of an infant's gaze (Zwaigenbaum et al., 2007).  2 

 3 

 4. Visual search paradigms were excluded unless the dependent variable was the latency 4 

to detect/ fixate on a single social stimulus amongst non-social distractors. For 5 

instance, studies whose stimulus conditions involved multiple non-social and social 6 

distractors were not included (e.g., Wang et al., 2014). In such studies, the dependent 7 

variable is the time taken to detect a specific social target. For our purposes, this is a 8 

suboptimal description of social orienting, because participants could potentially 9 

fixate multiple social stimuli before detecting the target itself and making their 10 

response. 11 

 12 

5. Note that we did not include data from change detection studies (e.g., New et al., 13 

2010; Sheth et al., 2011). In such studies, the dependent measure is how efficiently an 14 

observer detects the deletion of a social/ non-social element in a scene. However, to 15 

avoid ceiling performance, such tasks typically involve the deletion of only one social 16 

element from a scene with many such elements (New et al., 2010). Again, it is 17 

therefore possible that observers may orient to multiple social elements before 18 

detecting the deletion of one relevant element. 19 

 20 

2.1.3. Effect Size Metric 21 

The effect size index used for all outcome measures was Cohen’s d; the standardized 22 

difference between means. Since all of our effects emanated from independent sample 23 

designs, our choice of standardizer for d was the pooled within-groups SD. This standardizer 24 

was chosen because it has more degrees of freedom than other standardizers (since it is 25 



16 

derived from two groups) and is thus likely to be the most precise estimate of the population 1 

SD (Lakens, 2013). For social orienting studies, social and non-social stimuli were typically 2 

engaged in direct online competition on a trial-by-trial basis. Therefore, since trials are of a 3 

fixed duration, enhanced attention to social stimuli naturally implies decreased attention to 4 

non-social stimuli. Therefore, we computed d as:  5 

 6 

d =       
 

 7 

Where M is a measure of attention to social stimuli (e.g., gaze duration). Note that we 8 

reversed the numerator of the formula (i.e. ASD M - NT M) for measures where a large value 9 

indicates reduced orienting to social stimuli (e.g., latency to first fixation, response time). 10 

This ensured that, in all cases, a positive value of d indicates enhanced social orienting in the 11 

NT group relative to the ASD group.  12 

 13 

2.1.4. Model Decisions 14 

We made an a priori decision to analyze our effect size data in a random effects 15 

model, due to its tolerance of heterogeneous effect sizes and conservative nature of 16 

estimation. The random effects model assumes that each study estimates different values 17 

from a distribution of population parameters, rather than assuming that studies are direct 18 

replications of each other (Schmidt et al., 2009). We assessed heterogeneity across effect 19 

sizes by using Cochran’s Q and I2 statistics. All analyses were conducted with the ‘metafor’ 20 

package (Viechtbauer, 2010) implemented in the R programming language.  21 

 22 

2.1.5. Handling Dependency 23 

For each paradigm, we coded the number of included conditions (nested within 24 

samples) and samples (independent groups of participants, nested within studies). Many of 25 
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the samples were exposed to multiple conditions, which generates multiple effect sizes for 1 

these samples. For instance, in some cases, samples were exposed to both an image and video 2 

stimulus (Kou et al., 2019), meaning that this important moderator (stimulus type) occurs at 3 

the within sample level and potentially important information would be lost by aggregating 4 

these effects. Thus, to minimize this information loss and increase statistical power, we used 5 

conditions, rather than samples as the unit of analysis in our models (k = conditions). When 6 

samples contribute multiple effect sizes in this way, the assumption of independence may be 7 

violated and bias the outcome of the meta-analysis, particularly if there is anything 8 

unrepresentative about these samples (Matt & Cook, 2009; Rosenthal, 1991). To examine the 9 

influence of dependency on our results, we employed sensitivity analyses: using random 10 

selection procedures, we created data sets where dependency was eliminated by selecting one 11 

effect size per independent sample (Greenhouse & Iyengar, 1994). 12 

  13 

2.1.6. Search and Coding Strategies 14 

 The search for relevant studies and their coding was conducted by two authors (NH 15 

and ID). After agreeing on search terms and inclusion criteria, the search for orienting articles 16 

was led by NH. Any initial uncertainties that arose about the eligibility of articles, and the 17 

information used to compute effect size estimates were resolved between the two authors. 18 

First, 32 independent PubMed database searches were conducted, which involved screening 19 

an initial pool of 2413 articles. Second, the reference sections of all relevant literature 20 

reviews were examined for additional studies. Third, the reference sections of all qualifying 21 

articles were searched. In the process of collecting studies, each study was coded in terms of 22 

a set of sample and experimental-level variables identified as potential moderators of the 23 

effect (see Table 2).  After the resulting set of studies was produced, any remaining 24 

uncertainties about the eligibility of effects was resolved via discussion between all three 25 
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authors until a consensus was reached. Database search terms, and a summary of the 1 

excluded articles are presented according to the PRISMA (‘Preferred Reporting Items for 2 

Systematic reviews and Meta-Analysis’) guidelines (Moher et al., 2009). The search terms 3 

and associated PRISMA flowcharts can be found in Supplementary Material S3. A full 4 

summary of the included studies/effects, with notes can be found in Supplementary Material 5 

S4. 6 

 7 

2.1.7. Moderator Analyses 8 

To attempt to account for heterogeneity in effects, we investigated the influence of 9 

several moderators, which are described in Table 2. Our investigation of moderators 10 

consisted of three phases: 11 

 12 

2.1.7.1. ‘First Pass Phase’. 13 

Attempting to evaluate all candidate moderators within a single model will entail an 14 

unjustifiably complex model, with a low number of observations per coefficient. Therefore, 15 

in our initial ‘first pass’ phase, we fit a series of independent models that contained each one 16 

of the moderators individually. This phase allowed us to determine a subset of potentially 17 

explanatory variables for further exploration. Statistical tests of model coefficients were 18 

computed via likelihood ratio tests, comparing a model including the moderator to an empty 19 

(intercept only) model, using maximum likelihood estimation. We additionally used a 20 

pseudo-R2 statistic (Raudenbush, 1994) to assess the extent of effect size heterogeneity that 21 

was explained by moderators included in the model (see Supplementary Material S2).  22 

 23 

2.1.7.2. ‘Multiple Regression Phase’. 24 



19 

The difficulty with interpreting the outcomes of the ‘first pass’ approach is that 1 

moderator variables may be correlated. Fitting a multiple regression model allows us to test 2 

hypotheses about the effect of each one of these moderators whilst controlling for the 3 

influence of the others. Therefore, in the subsequent ‘multiple regression’ phase, we 4 

determined whether the coefficients that were detected in the ‘first pass’ phase remained 5 

detectable in the context of a single multiple regression model. 6 

 7 

2.1.7.3. ‘Model Comparison Phase’. 8 

Although the model fit in the multiple regression phase has a structure that allows us 9 

to test many relevant hypotheses, it is important to acknowledge that it is by no means the 10 

most parsimonious, or best performing model of the data and it fails to take into account 11 

competing models of the data. Moreover, the inferences drawn from the previous phases are 12 

implicitly grounded in null hypothesis significance testing, which does not allow us to draw 13 

inferences about the relative importance of/ support for each moderator. Therefore, in the 14 

‘model comparison’ phase, we instead employed an information theoretic approach and 15 

evaluated the importance of each moderator across a wider population of models. 16 

 17 

2.2. Results 18 

 In our presentation of results, we report outcomes as follows: i) we first summarise 19 

the structure of the effects contributing to the analysis ii) we then examine global model 20 

properties iii) we next examine the effect of bias on model properties iv) we explore plausible 21 

moderators of the effect size, and their relative importance.  22 

 23 

2.2.1. Summary of Included Effects 24 
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 From the initial pool of 2413 screened articles, 96 met our inclusion criteria. Within 1 

the 96 articles, there were data from 102 independent samples and we were able to calculate 2 

167 effect sizes. The total number of participants included in the analyses were N =  5195, of 3 

which N = 2546 were ASD participants and N = 2649 were NT participants.  4 

 5 

2.2.2. Model Properties 6 

Figure 3a depicts a forest plot of the effects included in the analysis. The Random 7 

effects model indicated a medium overall effect size k = 166, d = 0.50, [0.41 0.59], p <.001. 8 

According to the ‘probability of superiority’ metric (Lakens, 2013), this indicates that there is 9 

a 63.89% chance that a randomly sampled participant from the NT population will have 10 

enhanced social orienting relative to a randomly sampled participant from the ASD 11 

population. Framed differently, Cohen’s U3 statistic indicates that 69.25% of the NT 12 

population will have enhanced social orienting relative to the mean of the ASD population. 13 

Substantial heterogeneity was detected Q (166) = 742.48, p <.001 and the I2 statistic indicated 14 

that 75.65% of heterogeneity between effects could not be explained by sampling variability.  15 

 16 

2.2.3. Bias   17 

2.2.3.1. Influential Case Diagnostics. We first used standard leave one out 18 

procedures to diagnose particularly influential, or outlying effects. Based on an examination 19 

of these effects, we reasoned that there was no justification to remove any from the analysis 20 

(Supplementary Material S5). 21 

 22 

2.2.3.2. Publication Bias. A number of analyses were performed to examine potential 23 

file-drawer effects. A funnel plot of the observed outcomes, as a function of their sampling 24 

variances is displayed in Figure 3b. The fail-safe N statistic (Rosenthal, 1979) indicated that 25 
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26649 additional, null studies would be required to reduce the pooled effect size to below an 1 

undetectable magnitude. The relationship between the number of unpublished studies 2 

averaging null effects and the reduction in the pooled effect size is shown in Figure 3c. Based 3 

on the asymmetry of the funnel plot, the ‘trim and fill’ method (Duval & Tweedie, 2000) 4 

estimated that 26 studies may have been suppressed due to publication bias. When these 5 

unpublished effects were imputed, the overall effect size reduced by 0.15  (k = 192, d = 0.35 6 

[0.25 0.45], p <.001). The regression test (Egger et al., 1997) for funnel plot asymmetry 7 

detected a relationship between sampling variances and effect magnitudes, indicating further 8 

evidence for publication bias (z = 5.15, p =. 005 respectively). 9 

 10 

2.2.3.3. Dependency. To characterise the influence of dependency on our global 11 

outcomes, the random effects model was fit to 500 resampled data sets, each of which 12 

contained one randomly selected effect size from each of our independent samples, yielding a 13 

total of 102 effect sizes for each data new dataset. These models also detected a similar, 14 

moderate pooled effect size (mean d = 0.50, SD = 0.02) indicating that dependency did not 15 

exaggerate the true magnitude of the pooled effect.  16 

 17 

INSERT FIGURE 3 HERE 18 

 19 

2.2.4. Moderator Analysis: ‘First pass’ Phase 20 

  21 

INSERT TABLE 2 HERE 22 

 23 

 2.2.4.1. Main Effects: Sample Properties. No effect of verbal (Q(1) = 2.22, p = 24 

.136), nonverbal IQ matching (Q(1) = 0.20, p = .651), sex ratio (Q(1) = 0.47, p = .494) or age 25 
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were detected (Q(1) = 2.31, p = .128). An effect of diagnostic assessment was detected 1 

(Q(2) = 9.76, p = .008, see Figure 4a). Effect sizes tended to be smaller in samples where 2 

diagnoses were verified via ADOS assessment.  3 

 4 

 2.2.4.2. Main effects:  Experimental Properties. No effect of orienting measure was 5 

detected (Q(5) = 8.12, p = .150). Notably, effects were only detected for eye-tracking metrics 6 

- total gaze duration (k = 135, β = 0.48, [0.38, 0.58], p <.001), latency to first fixation (k = 18, 7 

β = 0.84, [0.55, 1.12], p <.001) and proportion of first fixations (k = 18, β = 0.48, [0.01, 0.95], 8 

p = .042), but no effects were detectable for dot probe latency (k = 4, β = 0.29, [-0.27, 0.85], p 9 

= .315), visual search latency (k = 2, β = 0.01, [-0.78, 0.81], p = .973) or bCFS detection 10 

latency (k = 2, β = 0.17, [-0.65, 0.99], p = .683). No effect of stimulus modality was detected 11 

(Q(1) = 0.03, p = .867) - effect size magnitudes were comparable between studies employing 12 

image (k = 71, β = 0.51, [0.37, 0.66], p <.001) and video stimuli (k = 96, β = 0.49, [0.38 13 

0.61], p <.001). 14 

An effect of social AOI was detected (Q(4) = 11.02, p = .026). Effects were detected 15 

for each stimulus type (Figure 4b). Contrasts revealed that social scene AOIs were associated 16 

with larger effect sizes than face AOIs (β = 0.44, p = .002), and person AOIs (β = 0.34, p = 17 

.018).  An effect of stimulus context was detected (Q(7) = 16.56, p = .011 (Figure 4c) . 18 

Enhanced social orienting in NT populations was detected under free-viewing conditions (k = 19 

109, β = 0.60, [0.49, 0.71], p <.001), conditions where a person in the display engaged in 20 

conversation with the observer (k = 13, β = 0.52, [0.24, 0.80], p <.001) and conditions where 21 

the observer was explicitly instructed to attend to the social stimulus (k = 14, β = 0.49, [0.18, 22 

0.82], p=.002). No effects were detected under any of the other stimulus contexts.  An effect 23 

of interactive content was detected (Q(2) = 12.63, p = .002, Figure 4d). The largest effects 24 

were observed when the stimulus display depicted interaction between people (k = 43, β = 25 
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0.76, [0.58, 0.93], p <.001) - these effects were larger than when there was no interaction 1 

present in the display (k = 99, β = 0.45, [0.34, 0.56], p <.001), or when a person in the 2 

stimulus display bidded for interaction with the observer (k = 25, β = 0.29, [0.07, 0.51], p 3 

=.011).   4 

INSERT FIGURE 4 HERE 5 

 6 

2.2.4.3. Interactions. Note that because we evaluated the influence of 10 moderators, 7 

considering just 2-way interactions would incur 45 tests. Moreover, whereas we have 8 

theoretical justification for including each moderator as a main effect in our analysis - there is 9 

weaker or no justification for investigating these interaction effects in any detail in the 10 

present paper. For those who wish to test targeted hypotheses regarding interaction effects of 11 

interest, the data underlying our analysis, as well as plots of two-way interactions, fitted 12 

model parameters and interaction contrasts can be found in Supplementary Material S7. 13 

 14 

2.2.5. Moderator Analysis: Multiple Regression Phase 15 

We next fit a single regression model that included the 4 main effects that were 16 

detected in the first pass phase. Subsequent linear hypothesis tests revealed that only 17 

interactive content remained detectable when controlling for the influence of other variables. 18 

(see Table 3). 19 

 20 

INSERT TABLE 3 HERE 21 

 22 

2.2.6. Moderator analysis: Model Comparison Phase 23 
 24 

To evaluate the relative importance of moderators, we fit all 16 models that contained 25 

all combinations of all 4 parameters that were identified in the ‘first pass’ phase. We then 26 
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ranked the model performances according to Bayes Information Criterion (BIC). Inspecting 1 

the BIC scores of this population of models allows us to determine which moderators tend to 2 

produce more robust models. Specifically, we summed the Akaike weights (Wagenmakers & 3 

Farrell, 2004) for each model in which each moderator appeared and normalised these values 4 

so that they summed to 1. Critically, the resulting value reflects the overall ‘support’ for the 5 

term across the population of models. These results are shown in Figure 5. Inspection of this 6 

figure reveals that interactive content and diagnostic assessment received the most support 7 

across the population of models. 8 

 9 

INSERT FIGURE 5 HERE 10 

 11 

2.3. Interim Discussion: Social Orienting 12 

Orienting effects were found to be stable across demographic variables, including age 13 

and sex. The stability across age agrees with the notion that social orienting difficulties in 14 

ASD develop very early in life and remain relatively stable throughout development. It is 15 

important to note, however, that the range of ages represented in the studies was biased 16 

towards child/adolescent samples, with an under-representation of adults (M = 10.65 years, 17 

range = 0.53 - 41.03). Another caveat is, particularly within these adult samples, results were 18 

averaged across large age ranges, which limits the precision with which this relationship can 19 

be investigated. Similarly, the stability of effects across sex ratios may be unsurprising, given 20 

that females are very much under-represented in such studies. On average, around 6 times 21 

more males were recruited in these social orienting studies than females. This problematic 22 

nature of this sex imbalance was highlighted by recent research indicating sex differences in 23 

social attention in ASD -  females observers with ASD were shown to exhibit social attention 24 

that was more comparable to NT observers (Harrop et al., 2018, 2019). Findings such as 25 
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these highlight the need for Improved understanding of the female social phenotype in ASD 1 

to enhance early screening efforts and the development of sex-sensitive social interventions. 2 

 It is important to note that the global difference in orienting behaviors observed 3 

between the groups was not found to be affected by IQ matching. Since a large number of 4 

people with ASD also have associated intellectual disabilities, it is often hard to understand 5 

whether groups differences in social orienting result from simple differences in intellectual 6 

functioning or in autistic features. While recruiting an additional IQ matched group can help 7 

this problem, globally matching participants on intellectual abilities comes with additional 8 

challenges, because the intellectual profile of individuals with ASD may differ to those with 9 

general deficits in intellectual functioning (Jarrold & Brock, 2004). The findings from this 10 

meta-analysis support the claim that the social orientation difficulties observed in ASD are 11 

not a simple function of differences in intellectual ability between the groups. This is 12 

consistent with numerous studies with developmentally delayed (DD) control groups, which 13 

show reduced social attention in ASD relative to both DD and NT subjects (Chawarska et al., 14 

2012; Klin et al., 2009).   15 

One other, less-intuitive finding was that diagnostic assessment modulated effect size 16 

outcomes - effects tended to be smaller when diagnosis was confirmed via ADOS/ADI-R 17 

assessment. While ADOS is sometimes considered a ‘gold standard’ for ASD diagnosis, 18 

some research groups often use alternative, briefer and more convenient tools such as 19 

Childhood Autism Rating Scale (CARS) (Chlebowski et al., 2010) or Social Responsiveness 20 

Scale (SRS) to evaluate current symptom severity or diagnosis. It is possible that these 21 

different approaches to defining experimental groups may lead to the selection of different 22 

subsections of the ASD phenotype. ADOS measures and more abbreviated measures (e.g., 23 

SRS) differ in their type 1 and type 2 error rates and so may differ in terms of the extent to 24 

which they exclude subsections of the wider autistic population, or conversely, the extent to 25 
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which they admit participants with similar, but distinct developmental disorders (Jones & 1 

Lord, 2013).  2 

 It is also important to consider the gradual evolution of the definition of ASD from a 3 

narrowly defined homogenous population to a wider, heterogeneous population. This 4 

evolution has been cited as one of the principal causes of the increased prevalence estimates 5 

of ASD that have been observed over time (Fombonne, 2018). In parallel, it has also been 6 

proposed to account for the meta-analytic finding that group differences between individuals 7 

with and without ASD have generally decreased over time, with more recent articles 8 

reporting smaller effects (Rødgaard et al., 2019). Accordingly, it is possible that these more 9 

recent articles are those also assessing autism via the ADOS and/or ADI-R, as this is often 10 

requested as publication criteria in recent years. 11 

In terms of experimental-level variables, we found evidence that larger effect sizes 12 

tended to be observed under conditions where social interactions between people were 13 

present within the stimulus. This finding was robust in the multiple regression model and was 14 

found to be the most important predictor in the model comparison stage. This replicates the 15 

findings of previous meta-analyses (Chita-Tegmark, 2016b; Frazier et al., 2017), and the 16 

conclusions of multiple studies that have manipulated ‘social richness’ of stimuli (Chevallier 17 

et al., 2015; Liang & Wilkinson, 2018; Parish-Morris et al., 2019; Speer et al., 2007), which 18 

typically indicate larger group differences in social orienting when viewing interactions. This 19 

supports the idea that reduced social attention in ASD is highly context dependent (Parish-20 

Morris et al., 2019) and may reflect difficulties with monitoring multiple agents within a 21 

scene (Koldewyn et al., 2013). Social interactions require constantly updating ones 22 

understanding of the mental state and intentions of other people. While focusing on one 23 

person may impose the demand to understand their mental state, a higher number of agents 24 

may increase these demands by not just monitoring the mental states of two or more agents 25 
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but also trying to understand the dynamic interaction these agents may have in relation to the 1 

context. Beyond the cognitive demands mentioned above, multi-agent stimuli can also be 2 

perceived to be more aversive given the life experiences of autistic individuals. Autistic 3 

individuals often have unpleasant interactions in largely neurotypical group settings (e.g., 4 

classrooms, jobs) (Chen & Schwartz, 2012). It is perhaps unsurprising to expect greater 5 

aversion toward stimuli that represent groups of other people.  6 

With our investigation of the ‘stimulus context’ moderator, we were able to 7 

investigate the context dependency of social attention differences at a more fine-grained 8 

level. Interestingly, in addition to passive viewing conditions, reduced social attention in 9 

ASD was also detected during tasks that encouraged attending to social elements in the scene 10 

(e.g., how is this person feeling?). This supports the notion that individuals with ASD adopt 11 

different sampling strategies for forming inferences about a person’s state, as indicated by 12 

recent data (Tang et al., 2019).  It is notable, however, that the relative importance of this 13 

‘stimulus context’ moderator was low compared to interactive content, indicating that 14 

interactive content provides a more parsimonious account of the data.  15 

In our analyses of separate orienting measures, we found good evidence for reduced 16 

social orienting in ASD for all 3 eye-tracking measures -  notably, in addition to detecting 17 

effects for total gaze duration, we also detected effects in metrics that index ‘earlier’ phases 18 

of orienting, such as latency to first fixation and proportion of first fixations. This supports 19 

the idea that social attention differences in ASD may manifest more widely than generalised 20 

differences in sustained attention. By contrast, no effects were detected for non-eye tracking 21 

measures, such as visual probe tasks, visual search tasks and bCFS paradigms. These differ 22 

from preferential looking tasks as they tend to require the observer to follow additional task 23 

instructions and make a rapid manual response after detecting stimuli. These additional 24 

demands could reduce the sensitivity of such tasks. In general, visual probe, bCFS and visual 25 
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search tasks all rely on indirect outcome measures such as response time, which are likely to 1 

have reduced sensitivity to attentional processes relative to the direct oculomotor correlates 2 

of attention indexed via eye-tracking. Equally, this could also reflect that these paradigms 3 

tend to prioritise experimental control and therefore consist of very simple, circumscribed 4 

stimulus displays. These inferences are tentative, however, in the light of the relative lack of 5 

data from these tasks.  6 

 In terms of social AOIs, it is notable that the most reliable group differences were 7 

detected when effect sizes emanated from paradigms where observers view competing social 8 

and non-social scenes. These effects were larger than those produced by gaze differences to 9 

distinct AOIs within the same scene (face, person). This indicates that paradigms such as the 10 

GEOPREF test, which measures attentional preferences for videos of geometric patterns in 11 

competition with social videos, may be associated with the most reliable differences between 12 

NT and ASD individuals (Pierce et al., 2016, 2011). This is in keeping with the findings of a 13 

recent study that directly compared different preferential looking paradigm formats (Kou et 14 

al., 2019).  15 

 16 

3. Study 2: Meta Analysis of Social Seeking Effects 17 

3.1. Methods 18 

3.1.1 General Inclusion Criteria 19 

All the general inclusion criteria listed in section 2.1.1 of study 1 also applied to our 20 

analysis of social seeking effects. 21 

3.1.2. Additional Coding and Inclusion Decisions for ‘Social Orienting’ Effects 22 

In our analysis of social seeking, we examined studies that directly compared 23 

behavioral effort to attain social stimuli in ASD and NT participants. We therefore adopted 24 

the following additional criteria for this category of studies. 25 
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 1 

1. We only included studies where participant's response/performance (defined by 2 

the speed, frequency, or accuracy of their responses) was incentivised by the 3 

subsequent receipt of a stimulus. This entailed excluding studies evaluating social 4 

seeking using questionnaires, interviews (e.g., Mattys et al., 2018) and studies 5 

where the stimulus was presented irrespective of the task responses of the 6 

participant (e.g., Corbett et al., 2014).  7 

 8 
2. Several studies involved a manipulation of reward magnitude (e.g., Delmonte et 9 

al., 2012). For instance, in incentive delay paradigms, participants may receive 10 

either a slightly (low reward), or intensely smiling (high reward) face. In our 11 

analysis, we pooled across reward magnitude, such that the effect size represents 12 

social seeking across reward magnitudes. This decision was taken because i) the 13 

interaction between reward magnitude and stimulus sociality is beyond the scope 14 

of this review ii) the magnitude of reward intensity manipulations is unlikely to 15 

be comparable between studies, and iii) Only a handful of studies included 16 

manipulations of reward magnitude, which limits the utility of a meta-analysis of 17 

these effects. In practice, this was applied to 3 of the included effects (see 18 

Supplementary Table S3). 19 

 20 
3. Some studies investigated processing differences between “high autism interest” 21 

and “low autism interest” non-social stimuli (Traynor et al., 2019; Watson et al., 22 

2015). Again, since this manipulation was rare, and was not pertinent to our 23 

research question, we pooled across these conditions. In practice, this was applied 24 

to only 2 of the included effects (see Supplementary Table S3). 25 

 26 
 27 
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3.1.3. Effect Size Metric 1 

 2 
We again used Cohen’s d as our effect size metric for social seeking studies. In such 3 

studies, social and non-social stimuli were typically presented on discrete trials. Therefore, 4 

we defined d as: 5 

 6 

d =     
 

  -     
 

 7 

Here, we calculate one effect size representing the enhanced seeking of social stimuli 8 

in the NT group relative to the ASD group. We then adjust this for baseline differences in 9 

non-social seeking behavior, by subtracting the equivalent effect size involving non-social 10 

stimuli. Therefore, a positive value of the resulting effect size reflects enhanced social 11 

seeking in the NT group relative to the ASC group.  12 

 13 

3.1.4. Model Decisions & Handling Dependency 14 

All methodological details relating to modelling decisions and handling dependency 15 

reported in study 1 also applied to our meta analysis of social seeking effects.   16 

 17 

3.1.5. Search and Coding Strategies 18 

 The search for seeking studies was led by ID, using the same strategies as reported for 19 

Study 1. First, 25 independent PubMed database searches were conducted, which involved 20 

screening an initial pool of 853 articles. Coded moderator variables are displayed in Table 4. 21 

The search terms and associated PRISMA flowcharts can be found in Supplementary 22 

Material S3. A full summary of the included studies/effects, with notes can be found in 23 

Supplementary Material S4. 24 

 25 
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3.1.6. Moderator Analyses 1 

To attempt to account for heterogeneity in effects, we investigated the influence of 2 

several moderators, which are described in Table 4. Our approach to moderator analysis was 3 

the same as detailed in Study 1. 4 

 5 

3.2. Results 6 

3.2.1. Summary of Included Effects 7 

From the initial pool of 853 screened articles, 22 met our inclusion criteria. Within the 8 

22 articles, there was data from 22 independent samples and we were able to calculate 28 9 

effect sizes. The total number of participants included in the analyses were N =  945, of 10 

which N = 448 were ASD participants and N = 497 were NT participants.  11 

 12 

3.2.2. Model Properties 13 

Figure 6a depicts a forest plot of the effects included in the analysis. The Random 14 

effects model indicated a small overall effect size k = 28, d = 0.24 [0.05 0.47], p = .015. The 15 

‘probability of superiority’ indicated a 57.0% chance that a randomly sampled participant 16 

from the NT population will have enhanced social seeking relative to a randomly sampled 17 

participant from the ASD population. Cohen’s U3 indicated that 59.6% of the NT population 18 

will have enhanced social seeking relative to the mean of the ASD population. Substantial 19 

heterogeneity was detected Q (27) = 73.00, p <.001 and the I2 statistic indicated that 63.83% 20 

of heterogeneity between effects could not be explained by sampling variability.  21 

 22 

3.2.3. Bias  23 
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3.2.3.1. Influential Case Diagnostics. After inspecting influential studies identified 1 

by leave-one out procedures, we reasoned that there was no justification to remove any 2 

effects from the analysis (Supplementary Material S5). 3 

 4 

3.2.3.2. Publication Bias. A funnel plot of the observed outcomes, as a function of 5 

their sampling variances is displayed in Figure 6b. The fail-safe N statistic indicated that 144 6 

additional, null studies would be required to reduce the pooled effect size to an undetectable 7 

magnitude. The ‘trim and fill’ method did not estimate the suppression of any studies due to 8 

publication bias. The regression test for funnel plot asymmetry did not detect a relationship 9 

between sampling variances and effect magnitudes (z = 1.53, p =.126). 10 

 11 

INSERT FIGURE 6 HERE 12 

 13 

3.2.3.3. Dependency. To characterise the influence of dependency on our global 14 

outcomes, the random effects model was fit to 500 resampled data sets, each of which 15 

contained one randomly selected effect size from each of our independent samples, yielding a 16 

total of 22 effect sizes for each data new dataset. Each of these models detected a small 17 

pooled effect size (mean d = 0.27, SD = 0.02) indicating that dependency did not exaggerate 18 

the true magnitude of the effect.  19 

 20 

3.2.4. Moderator Analysis: ‘First Pass’ Phase. 21 

 To attempt to account for the heterogeneity in effects, we examined several 22 

moderators of the group differences in social seeking, which are described in Table 4. A full 23 

set of parameter estimates and contrasts for each of the single moderator models can be found 24 

in Supplementary Material S6. 25 
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 1 

INSERT TABLE 4 HERE 2 

 3 

 3.2.4.1. Sample Properties. No effect of verbal IQ matching (Q(1) = 3.50, p = .061) 4 

was detected, but an effect of nonverbal IQ matching was detected (Q(1) = 7.43, p = .006). 5 

Effect size magnitudes were lower when nonverbal IQ was matched (k = 17, β = 0.04, [-0.17, 6 

0.26], p =.706) than unmatched (k = 10, β = 0.51, [0.25, 0.78], p <.001, Figure 7a). No effect 7 

of age was detected (β = 0.00, Q(1) = 0.08 p = .774). However, an effect of sex ratio was 8 

detected, whereby a larger proportion of female participants gave rise to larger effect sizes (β 9 

= -.039, Q(1) = 7.71, p = .006, Figure 7b). Finally, an effect of diagnostic assessment was 10 

detected (Q(1) = 8.33, p = .004). Effect sizes tended to be smaller in samples where diagnoses 11 

were verified via ADOS assessment (Figure 7c).  12 

 13 

 3.2.4.2. Experimental Properties. An effect of seeking measure was detected 14 

(Q(3) = 12.56 p = .006). Large effects were detected for studies that assessed choice 15 

proportions (k = 7, β = 0.65, [0.35, 0.94], p <.001), whereas no effects were detected when 16 

studies involved accuracy (k = 9, β = 0.11, [-0.17, 0.38], p = .438), response time (k = 8, β = -17 

0.04, [-0.32, 0.23], p =.749), or button presses (k = 4, β = 0.29, [-0.14, 0.72], p =.184) (Figure 18 

7d). No effect of social stimulus type, (Q(5) = 6.21, p = .286) or stimulus modality 19 

(Q(3) = 1.47, p = .690) were detected.  20 

 21 

INSERT FIGURE 7 HERE 22 

 23 

3.2.5. Moderator Analysis: ‘Multiple Regression’ Phase 24 
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We fit a single regression model that included the 4 main effects that were detected in 1 

the first pass phase. Subsequent linear hypothesis tests revealed that none of these effects 2 

remained detectable when controlling for the influence of other variables. (see Table 5). 3 

INSERT TABLE 5 HERE 4 

 5 

3.2.6. Moderator Analysis: Model Comparison Phase 6 

The summed Akaike weights across the population of models are shown in Figure 8. 7 

The 3 sample characteristics (diagnostic assessment, nonverbal IQ matching and sex ratio) 8 

were found to be the most important, with substantially less support for the importance of 9 

seeking measure.  10 

 11 

INSERT FIGURE 8 HERE 12 

 13 

3.3.Interim Discussion: Social Seeking 14 

For social seeking, the evidence for moderating effects was less robust.  However, in 15 

keeping with meta-analysis and the tradition of estimation-based approaches, it is important 16 

to reflect on the relative evidential support for each moderator. For instance, relative to the 17 

orienting studies, the data indicated some increased support for the influence of demographic 18 

variables, such as nonverbal IQ matching and sex ratio. Regarding nonverbal IQ matching, 19 

effects were found to be larger in unmatched samples. Social seeking paradigms, particularly 20 

social incentive tasks, typically involve remembering a set of task instructions and executing 21 

a behavioural response to acquire specific stimulus.  Moreover, social incentive and 22 

expenditure tasks are more performance-dependent than the majority of gaze preference 23 

tasks, which tend to involve simple free-viewing. Therefore, inferences based on samples 24 
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unmatched on NVIQ may be partially confounded by differences in generalized abilities in 1 

memory, motor planning and action. 2 

 Regarding sex ratio, there was a suggestion that a greater proportion of females were 3 

associated with a larger effect size. Research in typical populations indicates that socially 4 

reserved traits, such as shyness are typically more tolerated in girls than boys (Costa et al., 5 

2001; Geelhand et al., 2019) implying that reduced social seeking is relatively normalised in 6 

females. As such, females with ASD tend to be identified later than males and diagnoses tend 7 

to be given when autistic characteristics and behavioural difficulties are more severe 8 

(Dworzynski et al., 2012). It is possible therefore, that females with ASD need to present 9 

with more difficulties in social seeking to receive diagnoses and therefore represent a more 10 

extreme endophenotype (Lai et al., 2011; Puleo et al., 2012). Although none of these factors 11 

were detectable in a multiple regression model, the relative support for demographic 12 

moderators is higher for seeking than orienting  (see Figure 5, Figure 8),  highlighting the 13 

need for these variables to be explicitly characterised in future investigations. 14 

Our analyses of seeking measures revealed some support for the idea that choice-15 

based tasks tend to reveal more reliable differences between ASD and NT subjects. In 16 

contrast to social incentive tasks, these tasks directly measure social seeking in context of an 17 

online, forced-choice between types of reward (social and non-social) instead of via 18 

incentivised responses in different trials, so the preference for social over non-social stimuli 19 

is more directly measured in these paradigms (Dubey et al., 2018). This pattern of results 20 

emphasises the utility of simple, direct paradigms such as the ‘choose a movie’ task in 21 

indexing differential sensitivity to social rewards (Dubey et al., 2017; Dubey et al., 2015). 22 

Because of their simplicity, similar tasks can be adapted to scalable tablet-based versions and 23 

can be successfully administered in very young children (Ruta et al., 2017).  24 
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Notably, effects that indexed seeking behaviors via response time or accuracy 1 

(typically social incentive paradigms) did not yield detectable differences in social seeking 2 

behaviors. Crucially, in such paradigms, individuals are frequently found to be faster to 3 

respond in rewarded trials than non rewarded trials. Thus, these paradigms are generally 4 

sensitive to reward per se (Demurie et al., 2011; Kohls et al., 2011, 2018). Critically, though, 5 

the pooled data from such tasks indicate no differences in seeking behaviors directed towards 6 

social (relative to non-social) stimuli in ASD. This observation is interesting given that 7 

several of the studies employing such tasks have observed concurrent differences in neural 8 

activity consistent with reduced incentive value of social stimuli in ASD (Delmonte et al., 9 

2012; Kohls et al., 2018). It is therefore important to understand this discrepancy between 10 

neural and behavioral signatures of social seeking in ASD.  11 

These inferences, must remain tentative however, given that these moderating effects 12 

were not detectable in the context of a multiple regression model. This is likely to be a 13 

product of the relative lack of statistical power - the number of included participants was 14 

roughly 20% that of the social orienting meta-analysis.  As such, we present the outcome of 15 

our moderator analyses as supporting inferences that demand replication and further 16 

investigation.   17 

 18 

4. General Discussion 19 

 The present meta-analyses examined social reward responsivity in ASD by providing 20 

a census, synthesis and analysis of paradigms that measure orienting to or seeking of social 21 

stimuli. To put the findings into context, we discuss the novel contributions of our analysis, 22 

the global pattern of results, some caveats and the implications for future research. 23 

 24 

4.1. Novel Contributions 25 
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This investigation provides the first, quantitative synthesis of the available behavioral 1 

literature for both social orienting and social seeking behaviors in ASD. Numerically, this 2 

review provides an advance on previous efforts, involving data from 6140 participants and 3 

118 studies. Moreover, in our analysis of social orienting effects, we move beyond an 4 

investigation of data from gaze-preference/eye-tracking studies and investigate data from a 5 

wider range of paradigms.  6 

4.2. Global Results 7 

 By quantitatively combining 167 effect size estimates, we detected good evidence for 8 

reduced social orienting in ASD, relative to the NT population. The pooled effect size was 9 

medium (d = 0.50) and slightly smaller than previous estimates (Chita-Tegmark, 2016b). In 10 

contrast, it is important to note that the evidence base for social seeking studies lags behind 11 

that of orienting, both in terms of the number of available articles and the pooled effect 12 

magnitude. We were able to combine 28 effect sizes, from which the estimated pooled effect 13 

size was d = 0.24. It is important to note that substantial heterogeneity was detected in both 14 

meta-analyses. Inspecting the corresponding forest plots reveals many null effects and effects 15 

in the negative direction. To a large extent, this reflects the substantial heterogeneity in the 16 

corresponding sample characteristics and experimental designs.  17 

Notwithstanding these sources of heterogeneity, it is worth considering the potential 18 

theoretical implications of the unbalanced strength of evidence we observed for reduced 19 

social orienting and social seeking in ASD. First, it may indicate that social motivation is not 20 

generally and uniformly atypical in ASD, providing precision to SMT accounts of autism. At 21 

the most basic level, this emphasises the need to highlight the similarities in which autistic 22 

and non-autistic behaviors appear socially motivated. Such similarities should be investigated 23 

further, and given the treatment of being just as theoretically interesting and important as any 24 

differences that are detected. 25 
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Second, it is noteworthy that folk psychological accounts would expect some 1 

dependency between these processes: if social stimuli are prioritised in the orienting process, 2 

we would, in turn, expect to observe seeking behaviour towards them. Recently, however, it 3 

has been observed that autism traits may modulate the link between these processes. When 4 

presented with multiple alternatives to choose from, we tend to look more towards stimuli 5 

that we later choose. In an eye-tracking task, it was observed that this relationship is reduced 6 

in individuals with high autism traits – an increase in gaze to a stimulus was associated with a 7 

smaller increase in choice probability (Hedger & Chakrabarti, 2020). Thus, the difference 8 

between the magnitude of orienting and seeking effects we observe here may compliment this 9 

evidence that indicates fundamental differences in how the generation of preferences are 10 

linked to attentional orienting in ASD. The potential dissociation between these components 11 

of social motivation requires further examination using carefully controlled measures of 12 

orienting and seeking. In particular, there is a notable dearth of studies that have investigated 13 

both of these components in a within-sample design. 14 

One finding that was common to both meta-analyses was that paradigms with simple 15 

task demands (e.g., passive viewing paradigms to measure orienting or choice-based tasks to 16 

measure seeking) tend to capture more robust group differences in social motivation. 17 

Paradigms with more complex task demands, such as those that involve tracking the reward 18 

type during the current experimental block, or encourage fast/ accurate task performance 19 

(e.g., social incentive tasks) involve more complex executive functions, which may impact 20 

upon the measurement of social preference. Moreover, as social situations rarely involve 21 

explicit task directives, paradigms with no instructions to complete a “task” may have the 22 

advantage of better reflecting the true nature of social interactions and thus elicit larger 23 

effects. A related point is that, for practical reasons, the application of such ‘passive’ tasks 24 

may also be preferred when studying individuals presenting with more severe autistic signs 25 
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(e.g., non-verbal individuals), which could explain why they tend to produce more robust 1 

group differences. By extension, this implies a selection bias towards higher functioning 2 

individuals in more ‘active’ tasks, meaning that data from such paradigms may not be 3 

generalisable to a disorder that often co-occurs with intellectual disability (Brown, Chouinard 4 

& Crewther, 2017). Regardless, these considerations encourage the use of simple task designs 5 

and recording techniques that do not require complex verbal instruction or sustained attention 6 

- thereby allowing the full, diverse intellectual spectrum of ASD to be represented in autism 7 

research. 8 

 9 

4.3. Caveats 10 

One common criticism of meta-analysis is that researchers may combine very 11 

different types of studies in a single analysis (i.e., a problem of “apples and oranges”). The 12 

power of meta-analytic approach, however, lies in the fact that we are able to quantify these 13 

differences in a way that would not be possible based on considering individual studies in 14 

isolation. Some variables we assessed have rarely been manipulated within a single study and 15 

thus their influence could only be assessed meta-analytically. Another limitation is that the 16 

effect sizes presented here are insensitive to possible sub-phenotypes of ASD. For example, 17 

Moore et al (2018) have found that only a subgroup of toddlers with ASD showed preference 18 

for geometric patterns as opposed to social images and that they were characterized by worse 19 

cognitive, language, and social skills relative to those toddlers with ASD that preferred 20 

attending to social images. 21 

An important interpretative caution is that while many of the findings reviewed here 22 

may apparently support the SMT account of ASD, lower preference of social stimuli in 23 

context of competing non-social stimuli may also reflect an aversion or avoidance of social 24 

stimuli. Autistic individuals show a lower tolerance to vagueness or uncertainty (Joyce et al., 25 
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2017) and there is a reliably higher level of social anxiety in this group (Simonoff et al., 1 

2008). The natural uncertainty of social situations and vagueness of these tasks may therefore 2 

contribute to produce stronger aversion based responses in ASD. Future empirical work 3 

should focus on explicitly testing this alternative explanation against that suggested by SMT. 4 

A more general consideration is that whilst SMT provides a parsimonious account of the 5 

atypical social behaviours observed in ASD, it does not speak to other known atypical 6 

features of ASD that are unrelated to social behaviour, such as altered sensory reactivity 7 

(Tavassoli et al, 2016; Tavassoli et al, 2018; MacLennan et al., 2020). As such, it is crucial to 8 

note that our inferences are limited to the social phenotypic features of ASD. 9 

Another point on the specificity of our analyses is that it is essential to note that 10 

reduced responsivity to social stimuli relative to the NT population may indeed be observed 11 

in multiple other conditions, including psychopathy (Viding & McCrory, 2019), social 12 

anxiety (Richey et al, 2019), hyperkinetic disorders (Santosh & Mijovic, 2004) and 13 

schizophrenia (Blanchard et al., 2001). As such, to the extent that reductions in social 14 

responsivity are observed in other conditions, this complicates the notion that they tell us 15 

something specific or explanatory about ASD. For this reason, it maybe more useful to 16 

consider social reward responsivity as a dimension to characterise social behaviour within a 17 

transdiagnostic framework such as the Research Domain Criteria (RDoC, Insel et al., 2010).  18 

One other thing that needs to be borne in mind is that the constructs of social orienting 19 

and social seeking as measured through these lab-based paradigms may not be aligned to self-20 

reported social motivation in some autistic individuals. As highlighted by recent reviews, 21 

behavioral studies indicating a lack of social motivation in ASD often conflict with the 22 

testimony of the individuals themselves (Jaswal & Akhtar, 2019).  As such, the current 23 

analysis is more a direct test of social reward responsivity than of a broadly construed term of 24 

‘social motivation’.  However, this dissociation opens up at least two broad directions for 25 
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future research. The first of these should test if autistic individuals show a greater 1 

dissociation between self-report and task performance across multiple constructs. The second 2 

avenue for future research should focus more on the measurement of social motivation 3 

through a systematic investigation of the structure of inter-relationships between self-report 4 

and behavioural measures in the general population. Similar large-scale exercises have been 5 

carried out on 'self-regulation', which revealed very weak or no relationship between self-6 

report and task measures (Eisenberg et al., 2019). If similar results are observed for social 7 

motivation, these would help resolve this apparent discrepancy. 8 

It is also the case that dependency may have had an unmeasured influence on our 9 

results. Meta-analysis is based on the assumption that the samples reported in each study are 10 

independent. However, individual ASD research labs within a specific geographic location 11 

may unwittingly recruit overlapping sets of participants. Larger collaborative studies with 12 

multi-site data collection may prevent such issues of unknown participant overlap. In the case 13 

of autism research, we must be particularly sensitive to the possibility that the independence 14 

assumption may have been violated. Since case-control designs are notoriously time-15 

consuming and practically difficult to conduct, it is possible that even the same lab group 16 

may rely on overlapping groups of participants from study to study, but fail to report this 17 

information.  18 

Finally, despite our large sample size and parsimonious approach to moderator 19 

analysis, many of our statistical tests were conducted with quite few observations per cell and 20 

so may have been under-powered. It is important therefore, to interpret our results not just on 21 

a binary rule on accepting or rejecting the null hypothesis, but on a consideration of the 22 

estimated effect sizes, the precision of these estimates and the associated relative strength of 23 

evidence for each moderator.  24 

 25 
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4.4. Implications for future research 1 

 On the most basic level, the quantitative combination of effect sizes here provides a 2 

good basis for power calculations and sample size planning for future studies. Moreover, in 3 

many large scale ASD studies such as the EU-AIMS study in the EU (Charman et al., 2017) 4 

and the ABC-CT study in the USA (McPartland et al., 2019), there is a drive towards 5 

employing diverse batteries of tasks to understand the ASD phenotype. As such, there is a 6 

pressing need for an evidence base to inform the choice of tasks to include in such batteries. 7 

The results from this meta-analysis can inform design of relevant task measures for social 8 

reward responsivity in future such studies, using lab-based or mobile technology. 9 

 10 

4.5. Conclusions 11 

The available data indicate that reduced social orienting in ASD is an effect that is 12 

detected across a range of sample characteristics, experimental paradigms and measures.  By 13 

contrast, based on the current behavioral data, uncritical acceptance of the idea of reduced 14 

social seeking in ASD may be premature - the pooled effect size was small and only detected 15 

under specific experimental conditions. Moreover, our data indicate several sample and 16 

experimental design properties that may modulate group differences in responsivity to social 17 

stimuli. These inferences can be validated via well controlled and novel experimental 18 

designs. Moreover, the data we present can inform the design of enhanced behavioral 19 

endophenotypes for ASD. 20 

 21 

 22 

  23 
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 1 

Figure Captions 2 

 3 
Figure 1. Schematic of typical orienting paradigms. Left panels depict typical experimental 4 

display/ trial sequence for a) Gaze preference b) Visual probe c) Visual Search d) bCFS. 5 

Right panels depict typical patterns of data predicted by an SMT account of autism. 6 

 7 

Figure 2. Schematic of typical seeking paradigms. Left panels depict typical experimental 8 

display/ trial sequence for a) an example of social incentive task, b) an example of choice 9 

task, c) an example of an expenditure task.  Right panels depict typical patterns of data 10 

predicted by an SMT account of autism. 11 

 12 

Figure 3. Social orienting: Model properties. a) Forest plot of all 167 effect sizes. Error bars 13 

are 95% confidence intervals (CI). Dashed white vertical line is the pooled summary effect, 14 

shaded vertical red region is the 95% CI.  b) Funnel plot. Dotted vertical line indicates pooled 15 

meta-analytic estimate of effect size. Diagonal lines indicate p values (outward from centre: 16 

.05,.01,.001,.0001, etc). c) Depicts the number of unpublished studies required to reduce the 17 

meta-analytic estimate of the effect size to target levels.  18 

 19 

Figure 4. Moderators detected for social orienting effects. Random effects models with a) 20 

Diagnostic Assessment b) Social AOI, c) Stimulus context and d) Interactive content as the 21 

sole moderator. Error bars are 95% confidence intervals. Size of points is inversely 22 

proportional to the standard error of the effect (larger = more precision). A key is shown at 23 

the top of the figure to relate point size to the smallest and largest SE in the dataset.  24 

 25 
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 1 

Figure 5. Shows the importance (as defined by summed Akaike weights) of each of the 2 

coefficients across the population of tested models. Larger values can be thought of as 3 

reflecting the extent to which including the moderator generates better-performing models. 4 

 5 

Figure 6. Social seeking: Model properties. a) Forest plot of all 28 effect sizes. Error bars are 6 

95% confidence intervals (CI). Dotted white vertical line is the pooled summary effect, 7 

shaded vertical red region is the 95% CI.  b) Funnel plot. Dotted vertical line indicates pooled 8 

meta-analytic estimate of effect size. Diagonal lines indicate p values (outward from centre: 9 

.05,.01,.001,.0001, etc). c) Depicts the number of unpublished studies required to reduce the 10 

meta-analytic estimate of the effect size to target levels.  11 

 12 

Figure 7. Moderators detected for social seeking effects. Random effects models with a) 13 

Nonverbal IQ matching b) Sex ratio, c) Diagnostic Assessment and d) Seeking measure as 14 

the sole moderator. Error bars are 95% confidence intervals. Size of points is inversely 15 

proportional to the standard error of the effect (larger = more precision). A key is shown at 16 

the top of the figure to relate point size to the smallest and largest SE in the dataset. 17 

 18 

Figure 8. Shows the importance (defined as summed Akaike weights) for each of the 19 

coefficients across the population of tested models.  20 
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Tables 1 

 2 

Table 1 3 

 Existing Reviews That Examine Social Motivation in Relation to ASD 4 

Paper Review Type Focus Included 
methodologies 

Studies in 
analysis 

Participants in 
analysis 

(Chevallier et 
al., 2012) 

Narrative/ 
theoretical 

Orienting, 
seeking,  

Behavioral, 
neuroimaging 

NA NA 

(Kohls et al., 
2012) 

Narrative Seeking Behavioral, 
neuroimaging 

NA NA 

(Chita-
Tegmark, 
2016b) 

Quantitative 
(meta-analysis) 

Orienting Behavioral (only 
eye-tracking) 

38 1215 ASD 
1314 NT 

(Chita-
Tegmark, 
2016a) 

Quantitative 
(meta-analysis) 

Orienting Behavioral (only 
eye-tracking) 

68 1319 ASD 
1496 NT 

(Frazier et al., 
2017) 

Quantitative 
(meta-analysis) 

Orienting Behavioral (only 
eye-tracking) 

122 2418 NT 
2199 ASD 

      

(Bottini, 2018) Qualitative ( 
Summary of 
studies that 
‘support’ or 
‘contradict’ 
SMT, but no 
meta-analysis) 

Orienting / 
seeking 

Behavioral, 
physiological 

27 789 NT 
593 ASD 

(Clements et 
al., 2018) 

Quantitative 
(meta-analysis) 

Seeking Neuroimaging 13 259 ASD, 246 
NT 

(Jaswal & 
Akhtar, 2019) 

Narrative/ 
opinion piece 

Orienting/ 
seeking 

Behavioral, 
neuroimaging 

NA NA 

The present 
paper 

Quantitative 
(meta-analysis) 

Orienting/ 
Seeking 

Behavioral 117 2994 ASD 
3146 NT 

  5 

Note. Reviews were identified via an exhaustive search of all articles citing (Chevallier et al., 6 

2012).  7 

 8 
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Table 2  1 

Summary of Potential Moderators of Social Orienting Effects. 2 

Moderator Variable type Description/ justification Descriptive statistics 

VIQ match Boolean Description: Whether or not groups were matched on verbal 
IQ. Justification: There are concerns that group differences 
may be driven by generalised differences in cognitive 
functioning, rather than autism symptoms per se (Norbury et 
al., 2009). Note that we code as ‘unmatched’ if only nonverbal 
IQ measures are reported in the paper. Following previous 
meta-analyses, if full scale IQ is matched, then we additionally 
code VIQ as being matched (Chita-Tegmark, 2016b). 

Matched (k = 67) 
Unmatched (k = 100) 

NVIQ match Boolean Description: Whether or not groups differed on nonverbal IQ. 
Justification: As above. 

Matched (k = 67)  
Unmatched (k = 100) 

Sex ratio   Description: The mean sex ratio of the sample (values above 1 
indicate greater number of males than females). Justification: 
Female observers tend to exhibit greater social attention 
(Harrop et al., 2018). Note: Sex ratio is defined as N males/ N 
females. Thus a value of 1 indicates an equal number of males 
and females. In rare cases where the sample was entirely male, 
we report the sex ratio as being equal to the number of males.  

M = 6.4, Range: 0 - 29.5  

Age Continuous Description: The average age of the sample (in years). 
Justification: The distinction between social attention behavior 
in early and later development may not reflect the same 
psychological processes. As Rice et al. (2012) point out: ‘‘the 
data from adults represent the cumulative effects of long-term 
atypical experiences, whereas the data from toddlers represent 
a time in which symptomatology profiles are still emerging’’ 
(p. 239) (Rice, Moriuchi, Jones, & Klin, 2012).  
     
    
   
 

M = 10.65, Range: 0.53 - 
41.03  

Diagnostic 
assessment 

Categorical Description: The assessment used to confirm diagnosis of 
ASD . Justification: The autism diagnostic observation 
schedule (ADOS) (Gotham, Risi, Pickles, & Lord, 2007) and 
autism diagnostic interview revised (ADI-R) (Rutter, Le 
Couteur, Lord, & Others, 2003) are thorough assessments that 
require trained clinicians to administer. When no ADOS is 
administered, typically briefer measures are implemented, such 
as relying on prior psychiatric records, or measures such as the 
social responsiveness scale (Constantino & Gruber, 2012). It is 
possible that these different diagnostic measures could lead to 
the selection of different sub-samples of the ASD population.    

No ADOS (k = 55) 
ADOS (k =103) 
ADOS + ADI-R  (k = 9) 

Orienting 
measure 

Categorical Description: How the dependent variable is operationalised. 
Justification: There is some evidence to suggest that autistic 
differences in social attention are a function of the component 
of attention being measured  (e.g., early components are 
measured by latency to first fixation, later components may be 
better captured by total gaze duration) (Fischer, Koldewyn, 
Jiang, & Kanwisher, 2014; Hedger, Haffey, McSorley, & 
Chakrabarti, 2018).  

Total gaze duration (k = 
135)  
Latency to first fixation 
(k =18)   
Proportion of first 
fixations (k = 6)  
Dot probe latency (k = 4) 
Visual search latency (k 
= 2) 
CFS detection latency (k 
= 2) 
 

Stimulus Categorical Description: Whether the stimulus is presented as a video or Image (k = 71) 
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modality image. Justification: Some analyses indicate that effect sizes 
may be larger for stimuli with more dynamic content 
(Chevallier et al., 2015; Speer, Cook, McMahon, & Clark, 
2007). 

Video (k = 96) 

Stimulus AOI Categorical Description: The social AOI within which orienting is 
compared between the groups. For instance, some studies only 
reported group differences in gaze to ‘eye’ (Kleberg, Thorup, 
& Falck-Ytter, 2017) or ‘face’ (Riby & Hancock, 2009) 
regions within the display, whereas other studies reported gaze 
differences to additional ‘body’ regions (Klin et al., 2002). If 
sufficient data for both a ‘body’ and ‘face’ AOI were available, 
we pooled across these AOIs to create a ‘person’ AOI (see 
Supplementary Material S1). Note, therefore, that a ‘person’ 
AOI comprises of a ‘face’ AOI and additional body parts. In 
some cases, the group differences relate to gaze to an entire 
social scene presented on one side of the screen that competes 
with a nonsocial scene on the other side of the screen (A. 
Moore et al., 2018; Pierce et al., 2016). Justification: The type 
of social stimulus in the display can modulate the degree of 
social attention differences. For instance, some studies have 
observed gaze behavior in viewing dynamic social scenes is 
more diagnostic of group differences than displays involving 
biological motion patterns (Kou et al., 2019). 

Face (k = 75) 
Person (k = 61) 
Social Scene (k = 21) 
Biological Motion (k = 7) 
Eyes (k = 3) 

Stimulus 
context 

Categorical Description: The context in which the observers are presented 
with social stimuli. Justification: Some gaze preference tasks 
may explicitly or implicitly encourage observers to direct 
attention towards the social (or nonsocial) stimulus, whereas 
others may simply be passive viewing tasks. These different 
stimulus contexts are likely to modulate the effect size 
(Chawarska, Macari, & Shic, 2012).  
 
Definitions:  
1) Free viewing: No instruction given to the observer (Pierce 

et al., 2016). 
2) Active engage: A person in the stimulus engages the 

observer in conversation (W. Jones, Carr, & Klin, 2008). 
3) Active present: A person in the video presents the 

observer with an object (Tenenbaum, Amso, Abar, & 
Sheinkopf, 2014). 

4) Active social task: The observer is given a task that 
specifically encourages them to attend to the social 
stimulus. E.g., “How is this person feeling?” (Sasson et 
al., 2007). 

5) Active nonsocial task: The observer is given a task that 
specifically encourages them to attend to nonsocial 
elements of the display. E.g., “How did this person 
perform the magic trick?” (Kuhn, Kourkoulou, & 
Leekam, 2010). 

6) Active joint attention: A person looks at the observer and 
then towards an object in the display (Chawarska et al., 
2012).  

7) Search: The observer is specifically required to search for 
a social item in the display (Moore, Reidy, & Heavey, 
2016).  

Free-viewing (k =109) 
Active engage (k = 15) 
Active present (k =8) 
Active social task (k = 
14) 
Active nonsocial task (k 
= 6) 
Active joint attention (k 
= 11) 
Active search (k = 4) 
 

Interactive 
content 

Categorical Description: Describes whether the stimulus involves an 
interaction between people. Justification: Some research has 
indicated that group differences may only be present in 
conditions where realistic interactions are depicted and not 
when social stimuli are isolated and static (Speer et al., 2007). 

None (k = 99) 
Interaction in viewed 
stimulus (k = 43) 
Interaction with observer 
(k = 25) 

 1 

  2 



68 

Table 3 1 

Outcome of Linear Hypothesis Tests from the Multiple Regression Model. 2 

Coefficient Q (df) p 

Diagnostic Assessment Q (2) = 5.32 .070 

Social AOI Q (4) = 5.56 .234 

Stimulus context Q (6) = 9.60 .143 

Interactive content Q (2) = 8.02 .018* 

 3 

Note. * p <.05  4 

 5 

  6 
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Table 4  1 

Summary of Moderators for Social Seeking Effects. 2 

Moderator Variable type Description/ justification Descriptive statistics 

VIQ match Boolean See Table 2 Matched (k = 14 ) 
Unmatched (k = 14) 

NVIQ match Boolean See Table 2 Matched (k = 17)  
Unmatched (k = 11) 

Sex ratio  Continuous See Table 2 M = 9.67 Range: 1-21  

Age Continuous See table 2 M = 14.57 Range: 2.75- 
37.24  

Diagnostic 
assessment 

Categorical See Table 2 No ADOS (k = 3) 
ADOS (k = 25) 
 

Seeking 
measure 

Categorical Description: The dependent variable used to assess seeking 
behavior. Justification: Enhanced social seeking can be 
indexed via various outcome measures, which may vary in 
their sensitivity. 
 
Definitions: 
 

1) Accuracy: The proportion of correct responses within a 
task where receipt of a social or nonsocial stimulus is 
contingent on an accurate response. 

2) Response Time: The latency of a response in a 
paradigm wherein receipt of a social or nonsocial 
stimulus is dependent on a response within a finite time 
window. 

3) Button Presses: The number of button presses that are 
made within a finite time window to receive increased 
exposure to a social or nonsocial stimulus. (In some 
paradigms, a stimulus was presented for longer 
durations, or a larger proportion of the stimulus was 
made physically visible in a manner that was 
proportional to the frequency of button presses).  

4) Choice Proportion: The proportion of choices made to 
receive a social (as opposed to nonsocial) stimulus 
when given a choice between the two options. 

Accuracy (k = 9) 
Response time (k = 8) 
Button presses (k = 4) 
Choice proportion (k = 7) 
 

Social 
stimulus type 

 Description: The social stimulus received contingent on the 
appropriate response. Justification: Seeking behaviors may 
be modulated by the type of social stimulus that incentivises 
the task behavior.   

Smiling face (k = 15) 
Interaction (k = 3) 
Neutral face (k = 4) 
Praise (k = 3) 
Social Activity (k = 2) 
Speech (k = 1) 

Stimulus 
modality 

Categorical See Table 2. 
Note: In one study, participants were rewarded with 
participation in a ‘real-world’ activity based on their 
choices. This is thus coded as a separate category. 

Video (k = 7 ) 
Image (k = 17) 
Sound (k = 2) 
Real-world (k = 2) 

    

 3 

4 
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Table 5  1 

Outcome of Linear Hypothesis Tests from Multiple Regression Model 2 

Coefficient Q (df) p 

NVIQ matching Q (1) = 3.64 .056 

Sex ratio Q (1) = 0.53 .467 

Diagnostic Assessment Q (1) = 2.96 .086 

Seeking measure Q (3) = 4.46 .216 

 3 

 4 
 5 

 6 

 7 
 8 

 9 

 10 

 11 
 12 

 13 
 14 



Supplementary Material 

 

Supplementary Material S1: Method for Pooling Across Standard Deviations 

 In several eye-tracking studies, means and variances were reported separately for 

multiple distinct areas of interest (e.g., mouth, eyes, upper face, lower face). To obtain an 

overall measure of social attention, we pooled across these statistics. Whereas pooling across 

means is straightforward, pooling the standard deviations requires an estimate of the variance 

of the averaged data (𝜎2).  To do this, we assumed that the correlation across conditions (x and 

y) was 0.5 and so to recover the pooled standard deviation, we used the following formula: 

 

𝜎2
av =  (𝜎2  

x+ 𝜎2 
y +  𝜎x x𝜎y) 

 

As repeated measures designs have high precision, the correlation across conditions 

tends to be quite high – assuming a correlation of 0.5 is therefore quite conservative as the 

resulting estimate of the pooled standard deviation will likely be larger than it truly is, 

consequently reducing effect size. Thus, this provides a fairly conservative estimate of the 

precision in the effect size estimate.  

 

Supplementary Material S2: Pseudo R2 statistic 

 

The pseudo R2 statistic (López-López, Marín-Martínez, Sánchez-Meca, Van den 

Noortgate, & Viechtbauer, 2013) estimates heterogeneity reduction when moderators are 

included, and is computed with the formula: 

𝑅 =
𝜏 − 𝜏

𝜏
 

Supplementary Material (clean version) Click here to view linked References
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https://www.editorialmanager.com/neubiorev/viewRCResults.aspx?pdf=1&docID=4113&rev=2&fileID=74029&msid=43eef176-0794-41e0-ae62-7062e3ec7f18


Where τ2
RE is the estimated heterogeneity of the random effects model without 

moderators, and τ2
ME is the estimated residual heterogeneity from the mixed effects model 

including the moderators. Note that the formula essentially estimates the proportional reduction 

in effect size heterogeneity (τ2) after including moderators, but it does not incorporate sampling 

variability. Hence, it is possible to observe large R2 values, even when there are discrepancies 

between the regression line and the observed effect sizes (when those discrepancies do not 

exceed what one would expect based on sampling variability alone). In fact, when τ2
ME = 0, then 

R2 = 1. However, unlike the interpretation of a conventional R2 statistic, this does not imply that 

all data fall perfectly on the regression line, but only that the residuals do not exceed what is 

expected due to sampling variability. As such, this statistic should be interpreted with caution for 

analyses that have small k. 

 

  



Supplementary Material S3: Search Terms and PRISMA flowcharts 

Table S1 

Summary of Search Terms  

Autism terms Orienting terms Seeking terms 
ASD* Orienting, eye-tracking, dot probe, 

attentional cueing, eye-movements, 
gaze, visual search, CFS 

Social seeking, social wanting, 
social liking, social reward, choose 
a movie, button task, social 
motivation. 

ASC* 
Autis* 
Asperger* 

 

Note. Searches were constructed via using combinations of the Autism terms and the terms in 

the remaining columns, using the AND operator. All terms were entered in the ‘Title/Abstract’ 

fields in the PubMed advanced search builder.  

 

 

Social Orienting: PRISMA Flowchart 

 



 

Figure S1. PRISMA flow chart that depicts the number of articles excluded as a function of each 

criterion (social orienting). Note that some articles were removed violated multiple inclusion 

criteria and so the flow chart will tend to indicate the reason that first became apparent when 

reading the paper.   

 

 

Social Seeking: PRISMA Flowchart 



 

Figure S2. PRISMA flow chart that depicts the number of articles excluded for each criterion 

(social seeking).



Supplementary Material S4: Summary of included studies 

Social Orienting 

 

Table S2  

Summary of Effects Included in the Analysis of Social Orienting Effects 

Study Paper Sample Effect N ASD, N NT Notes 

(Klin, Jones, 
Schultz, 
Volkmar, & 
Cohen, 2002) 

1 1 1 15, 15 Data are pooled across AOIs. Means and 
SDs are taken from table 3 in (Chita-
Tegmark, 2016) 

(van der Geest, 
Kemner, 
Camfferman, 
Verbaten, & 
van Engeland, 
2002) 

2 2 2 16, 14 Data are taken from t value on p 73. 
Direction of effects are determined by means 
in table 2.  

-- 2 2 3 -- (Latency to first fixation) 

(Kemner, van 
der Geest, 
Verbaten, & 
van Engeland, 
2007) 

3 3 4 17, 16 Data are pooled across simple and complex 
face conditions. Taken from table 3 in (Chita-
Tegmark, 2016) 

(N. Sasson et 
al., 2007) 

4 4 5 10, 10 Data are taken from means and SDs in table 
3.  
 

-- 4 4 6 -- (Latency to first fixation) 

-- 4 4 7 -- (Proportion of first fixations) 

(Speer, Cook, 
McMahon, & 
Clark, 2007) 

5 5 8 12,12 Only means are reported in the table. d is 
computed from the p value reported in the 
text on p 272 (eye region only).  

(Jones, Carr, & 
Klin, 2008) 

6 6 9 15, 36  Data are taken from means and SDs in table 
2 (pooled across AOIs). 

(Riby & 
Hancock, 
2008) 

7 7 10 20, 20  (Matched group). Means and SDs taken 
from Figure 2. 

-- 7 8 11 20, 20  (Unmatched group). 

(Fletcher-
Watson, 
Leekam, 

8 9 12 12, 14 Means and SDs taken from tables 2 and 4. 



Benson, Frank, 
& Findlay, 
2009) 

-- 8 9 13 -- (Proportion of first fixations) 

-- 8 9 14 -- (Gender task) 

-- 8 9 15 -- (Gender task, proportion of first fixations) 

(Klin, Lin, 
Gorrindo, 

Ramsay, & 
Jones, 2009) 

9 10 16 21, 39 Means and SDs are recovered from figure 1 

(Norbury et al., 
2009) 

10 11 17 14, 18 Means and SDs are recovered from table 2 
(language impaired group) 

-- 10 12 18 14, 18 (Non language impaired group) 

(D. M. Riby & 
Hancock, 

2009) 

11 13 19 22, 22 Means and SDs taken from table 3 in (Chita-
Tegmark, 2016) 

-- 11 13 20 -- (Latency to first fixation) 

-- 11 13 21 -- (Experiment 2) 

-- 11 13 22 -- (Experiment 2, latency to first fixation) 

(D. Riby & 
Hancock, 

2009) 

12 14 23 20, 20 Means and SDs are taken from various plots 
in figure 1 (matched group, cartoon image) 

-- 12 15 24 -- (Nonmatched group, ‘cartoon image’) 

-- 12 14 25 -- (Matched group, ‘cartoon movie’) 

-- 12 15 26 -- (Nonmatched group, ‘cartoon movie’) 

-- 12 14 27 -- (Matched group, ‘natural movie’) 

-- 12 15 28 -- (Nonmatched group, ‘natural movie’) 

(Benson, Piper, 
& Fletcher-

Watson, 2009) 

13 16 29 7,9 Means and SDs are recovered from figure 
1d. 

-- 13 16 30 -- (‘Gender’ task) 

(Kuhn, 
Kourkoulou, & 
Leekam, 2010) 

14 17 31 15,18 Means and SDs are recovered from figure 1. 

-- 14 17 32 -- (Time to first fixation). Means and SDs 
recovered from the text on page 1490. 

(Nadig, Lee, 
Singh, 

Bosshart, & 
Ozonoff, 2010) 

15 18 33 12,11 Means and SDs are taken from table 3 in 
(Chita-Tegmark, 2016) 



(Wilson, Brock, 
& Palermo, 

2010) 

16 19 34 13,14 Means and SDs are recovered from figure 4.  

-- 16 19 35 -- (Time to first fixation) 

(M. Freeth, 
Chapman, 
Ropar, & 

Mitchell, 2010) 

17 20 36 24, 24 Means and SDs obtained from figure 3. 
These statistics are pooled across upper and 
lower face (Five second presentation). 

-- 17 20 37 -- (Two second presentation) 

(Bird, Press, & 
Richardson, 

2011) 

18 21 38 13, 13 The means and SDs are recovered from the 
text on page 4, in the 'group comparison' 
section of the results. 

(Birmingham, 
Cerf, & 

Adolphs, 2011) 

19 22 39 9,5  Means and standard deviations are 
recovered from figure 4A. Note that no 
standard deviations are reported for initial 
fixation proportions and so an effect size 
cannot be estimated for this measure.  

(Megan Freeth, 
Ropar, Mitchell, 

Chapman, & 
Loher, 2011) 

20 23 40 24,24 Means and SDs obtained from table 3.  

-- 20 23 41  (Time to first fixation) 

(Kirchner, 
Hatri, 

Heekeren, & 
Dziobek, 2011) 

21 24 42 20, 21 Here the relevant statistic is computed from 
the F value reported on page 162  

(Shic, 
Bradshaw, Klin, 
Scassellati, & 
Chawarska, 

2011) 

22 25 43 28, 34 Means and SDs taken from table 2. 

(Pierce, 
Conant, Hazin, 

Stoner, & 
Desmond, 

2011) 

23 26 44 37, 51 Effect size computed from t value on page 7 

(Chawarska, 
Macari, & Shic, 

2012) 

24 27 45 54, 48 Means and SDs are taken from table 3 in 
(Chita-Tegmark, 2016) (dyadic bid condition) 

-- 24 27 46 -- (‘Sandwich’ condition) 

-- 24 27 47 -- (‘Joint attention’ condition) 

-- 24 27 48 -- (‘Moving toys’ condition) 

(Hanley, 
McPhillips, 
Mulhern, & 
Riby, 2013) 

25 28 49 14, 14 Means and SDs are taken from table 3 in 
(Chita-Tegmark, 2016) (‘isolated faces’) 



-- 25 28 50 -- (‘Social scenes’) 

(Rice, Moriuchi, 
Jones, & Klin, 

2012) 

26 29 51 37,26 Means and SDs are recovered from Figure 2 

(Noris, Nadel, 
Barker, 

Hadjikhani, & 
Billard, 2012) 

27 30 52 10,10 Means and SDs are recovered from Figure 
5. Data are taken from the central FOV 
condition.  

(D. J. Moore, 
Heavey, & 

Reidy, 2012) 

28 31 53 19,19 Effect size calculated from F value on page 
2042. 

(Hosozawa, 
Tanaka, 
Shimizu, 

Nakano, & 
Kitazawa, 

2012) 

29 32 54 25,25 Effect size is computed from the upper 
bound of the p value on page 222 since no 
exact value is reported. This is the same 
sample as reported in (Nakano et al., 2010) - 
but meets inclusion criteria since the Nakano 
paper did not.  

(Chawarska, 
Macari, & Shic, 

2013) 

30 33 55 12, 35  Data taken from the ASD and LR-TYP 
groups. In line with our coding and inlcusion 
decisions, LR (low risk) is the most valid 
choice of control group. Means and SDs are 
extracted from figure 2 

(Elsabbagh et 
al., 2013) 

31 34 56 17, 46 Means and SDs are taken from table 3 on 
page 152. (7 month, first fixation proportion) 

-- 31 34 57 -- (14 month, first fixation proportion) 

-- 31 34 58 -- (7 month) 

-- 31 34 59 -- (14 month) 

(Falck-Ytter, 
Rehnberg, & 
Bölte, 2013) 

32 35 60 10, 14 Means and SDs are recovered from Figure 
1b. Only data from the ‘Upsync’ condition is 
used. 

(Parish-Morris 
et al., 2013) 

33 36 61 60, 50  Effect size computed from the t value on 
page 5. 

(Fischer, 
Koldewyn, 
Jiang, & 

Kanwisher, 
2014) 

34 37 62 44,40 In line with inclusion criteria, only data from 
the ‘disengage’ trials are included, since only 
in this case do we have a social and 
nonsocial stimulus presented simultaneously 
. Means and SDs are taken from table 2 of 
Supplementary material. (1 second trials, 
non - soc). This is coded as latency to first 
fixation data. 

-- 34 37 63 -- (2 second trials). 

(Shah, Gaule, 
Bird, & Cook, 

35 38 64 18,18 Effect size is computed from t value reported 
in supplementary material.  



2013) 

(Pruett et al., 
2013) 

36 39 65 31,29 Means and SDs are recovered from figure 4. 
Visual search task.  

(D. M. Riby, 
Hancock, 
Jones, & 

Hanley, 2013) 

37 40 66 22,22 Effect size computed from from t value on 
page 6 (spontaneous condition) 

-- 37 40 67 -- (‘Cued’ condition). 

(Amso, Haas, 
Tenenbaum, 
Markant, & 
Sheinkopf, 

2014) 

38 41 68 15,15 The study is quite complex in its analyses 
and so few global differences between 
groups are reported. 
 
Means and standard deviations are only 
reported for the 'incongruent' condition (p.8 - 
pubmed version).  

(Fujisawa, 
Tanaka, Saito, 

Kosaka, & 
Tomoda, 2014) 

39 42 69 19, 60 For this paper, only data from the ‘geometry’ 
and ‘biological motion’ conditions are 
included. This is because there are no 
nonsocial/ social AOIs are defined in the 
‘face’ and ‘finger pointing’ conditions. Means 
and SDs are taken from table 2 (people and 
geometry condition).  

-- 39 42 70 -- (‘Biological motion’ condition). 

(N. J. Sasson & 
Touchstone, 

2014) 

40 43 71 15,15 Means and SDs are recovered from fig 2A.  

-- 40 43 72 -- Effect size computed from p value on p 588 
(latency to first fixation). 

(Tenenbaum, 
Amso, Abar, & 

Sheinkopf, 
2014) 

41 44 73 13,14 Means and SDs from table 3 in (Chita-
Tegmark, 2016)  

(Vivanti, 
Trembath, & 
Dissanayake, 

2014) 

42 45 74 24,24 Data are taken from F value on page 698 
(main effect of group on attention to actors 
face) 

(Benjamin et 
al., 2014) 

43 46 75 17,18  Means and SDs taken from figures 2 and 3 
(‘face’ condition) 

-- 43 46 76 -- (‘Distractor’ condition). 

(Wilkinson & 
Light, 2014) 

44 47 77 5,5 Means and SDs are recovered from figure 2.  

(Vivanti & 
Dissanayake, 

2014) 

45 48 78 25,25 Means and SDs are recovered from figure 2.  



(Chevallier et 
al., 2014) 

46 49 79 59, 22 Means and SDs from table 3 in (Chita-
Tegmark, 2016) (‘dynamic’ condition). 

-- 46 49 80 -- (‘Interactive’ condition). 

-- 46 49 81 -- (‘Static’ condition). 

(Falck-Ytter, 
Carlström, & 
Johansson, 

2015) 

47 50 82 10,25 Means and SDs are taken from the ‘direct 
gaze’ condition and in the encoding phase. 
This data is taken from table 2.   

(Marsh, 
Pearson, 
Ropar, & 
Hamilton, 

2015) 

48 51 83 20,20 Effect size is computed from the F value in 
table 4.  

(Schwartzman, 
Velloso, 

D’Antino, & 
Santos, 2015) 

49 52 84 11,17 Means and SDs are taken from table 1  

(Shi et al., 
2015) 

50 53 85 13, 20 Effect size is computed from the F value on 
page 8. Note that there is also first fixation 
data reported, but it isn’t possible to 
determine the direction of the effect from the 
information reported in the paper.  

(Akechi et al., 
2015) 

51 54 86 10, 10 Effect size is computed assuming a p value 
of .5 (non-significant interaction). Direction of 
effect is inferred from figure 2. 

(Trembath, 
Vivanti, Iacono, 
& Dissanayake, 

2015) 

52 55 87 25, 19 Means and SDs are recovered from figure 2 
(‘speech + pictures’ condition - attention to 
face).  

(Van 
Herwegen, 
Smith, & 
Dimitriou, 

2015) 

53 56 88 13,14 Means and SDs are recovered from figure 3 
(pooled across false belief).  

(Pierce et al., 
2016) 

54 57 89 115, 64 Cohen’s d is reported in the text on page 6 
(pubmed). Note that the text indicates that 
this group is completely non-overlapping 
from Pierce et al 2011. 

(Unruh et al., 
2016) 

55 58 90 33,31 Means and SDs are recovered from the 
figures on page 5. (‘high autism interest’ 
condition). 

-- 55 58 91 -- (‘Low autism interest’ condition). 

(Shaffer et al., 
2017) 

56 59 92 37,26 Effect size computed from the means and 
SDs on page 510 – 511. 



(Franchini et 
al., 2016) 

57 60 93 20, 20 Means and SDs are reported in table 1.  

(Müller, 
Baumeister, 

Dziobek, 
Banaschewski, 

& Poustka, 
2016) 

58 61 94 30, 23 SDs are not actually reported in the paper. 
We use the ‘range rule’ for estimating them 
from the ranges reported in table 3.  

(Billeci et al., 
2016) 

59 62 95 17, 15 Effect sizes computed from p values taken 
from figure 5 (‘responding’ condition) 

-- 59 62 96 -- (‘Joint attention’ condition 1) 

-- 59 62 97 -- (‘Joint attention’ condition 2) 

(Fujioka et al., 
2016) 

60 63 98 26,35 (‘Biological motion’ condition) 

-- 60 63 99 -- For this paper, none of the ‘face’ conditions, 
are included in our analysis since no 
nonsocial AOI is defined for these (there is 
no competing stimulus- as the face appears 
on a uniform, grey background). The cohen’s 
d values are directly reported in table 2. 
(‘geometry’ condition) 

-- 60 63 100 -- (‘Small geometry’ condition) 

(N. J. Sasson, 
Pinkham, 

Weittenhiller, 
Faso, & 

Simpson, 
2016) 

61 64 101 21, 39 Effect size computed from the p value 
reported on page 679.  

(Nuske, 
Vivanti, & 

Dissanayake, 
2016) 

62 65 102 20, 20  Means and SDs recovered from figure 3 
(‘happy’ condition). 

-- 62 65 103 -- (‘Fear’ condition) 

(D. J. Moore, 
Reidy, & 

Heavey, 2016) 

63 66 104 19, 19 Effect size computed from F value on p 167 

(Chawarska, 
Macari, Powell, 

DiNicola, & 
Shic, 2016) 

64 67 105 90, 79 Means and SDs are taken from table 1 
(‘person’ AOI). (‘dyadic bid’ condition). 

-- 64 67 106 -- (‘Joint’ condition) 

-- 64 67 107 -- (‘Sandwich’ condition) 

-- 64 67 108 -- (‘Moving toys’ condition) 



(Vargas-
Cuentas et al., 

2017) 

65 68 109 8,23 Effect size is computed from the p value in 
table 2 (‘automated coding’). 

(Franchini et 
al., 2017) 

66 69 110 33, 37 Effect size is computed from t value reported 
on p 7. (proportion of first fixations). 

-- 66 69 111 -- Effect size is computed from t value reported 
on p 7.  

(Zantinge, van 
Rijn, 

Stockmann, & 
Swaab, 2017) 

67 70 112 28, 45 Cohen’s d is reported on p 1503. 

(Vivanti, 
Fanning, 
Hocking, 

Sievers, & 
Dissanayake, 

2017) 

68 71 113 35, 22 Effect size computed from p value. No exact 
p value is reported so a value of p=.005 is 
assumed (p 1870). 

-- 68 71 114 35, 22 For experiment 2 - the data are not reported 
separately for ‘static’ and ‘dynamic’ 
conditions and so this reflects a composite 
score – the same way it is treated in the 
paper. p 1872.  

(Sekigawa-
Hosozawa, 

Tanaka, 
Shimizu, 

Nakano, & 
Kitazawa, 

2017) 

69 72 115 25, 25  Effect size estimated from the upper bound 
of the p value on page 222 (p = .001) since 
no exact value is reported. 

(Kleberg, 
Thorup, & 

Falck-Ytter, 
2017) 

70 73 116 15, 16 Cohen’s d is reported in the text on p 249 
(‘unisensory’ condition).  

-- 70 73 117 15, 16 Means and SDs are recovered from figure 2. 
(‘multisensory’ condition). 

(Tenenbaum, 
Amso, Righi, & 

Sheinkopf, 
2017) 

71 74 118 19, 19  Means and SDs recovered from figure 3. 
The statistics are pooled across ‘eye’ and 
‘mouth’ AOIs (‘no point’ condition). 

-- 71 74 119 -- (‘Point’ condition) 

(Moriuchi, Klin, 
& Jones, 2017) 

72 75 120 26, 38 Means and SDs are taken from table 1 
(pooled across non-object AOIS).  

(Kanat et al., 
2017) 

73 76 121 29, 30  Means and SDs are taken from table 2. Data 
are taken from placebo group only (100 ms). 

-- 73 76 122 -- (500 ms). 



(Higuchi et al., 
2017) 

74 77 123 26, 27 Means and SDs are taken from figure 3. 
Data are pooled across ‘Japanese’ and 
‘arithmetic’ condition. 

(Burnside, 
Wright, & 

Poulin-Dubois, 
2017) 

75 78 124 16,16 Means and SDs are recovered from Figure 1 

-- 75 78 125 --  

(Wang, 
Campbell, 

Macari, 
Chawarska, & 

Shic, 2018) 

76 79 126 112, 163 Means and SDs are taken from the 
supplementary material in table S1.  
(‘Sandwich’ condition) 

-- 76 79 127 112, 163 (‘Speech’ condition) 

-- 76 79 128 112, 163 (‘Toys’ condition) 

(A. Moore et 
al., 2018) 

77 80 129 76, 51 Cohen’s d is reported in the paper on p 7 

(Krogh-
Jespersen, 

Kaldy, Valadez, 
Carter, & 

Woodward, 
2018) 

78 81 130 36,19 Means and SDs are recovered from figure 3. 
Test phase only. (‘chronologically matched’ 
group comparison) 

-- 78 82 131 36, 20 (‘Cognitively matched’ group comparison) 

(Vernetti et al., 
2018) 

79 83 132 14, 26  Means and SDs are recovered from figure 2. 
The ‘low risk group’ are defined as the 
control group. (proportion of first fixations) 

-- 79 83 133 -- (Total viewing duration)  

(Hong et al., 
2017) 

80 84 134 8, 8 Means and SDs are taken from table 2. The 
demographics are not reported for the TD or 
ASD groups, only the AS group. In the 
abstract, the groups are referred to as ‘age 
and gender matched’ and so for simplicity, 
we assume the same demographic values 
for all groups.  
 

(Liang & 
Wilkinson, 

2018) 

81 85 135 10, 10  Means and SDs are recovered from figure 3 
and 6 (‘sharing, 2 person’ condition).  

-- 81 85 136 -- (‘Sharing, 3 person’ condition).  

-- 81 85 137 -- (‘No sharing, 2 person’ condition).  

-- 81 85 138 -- (‘No sharing, 3 person’ condition).  



-- 81 85 139  (‘Sharing, 2 person’ condition, latency to first 
fixation) 

-- 81 85 140  (‘Sharing, 3 person’ condition, latency to first 
fixation) 

-- 81 85 141  (‘No sharing, 2 person’ condition, latency to 
first fixation) 

-- 81 85 142  (‘No sharing, 3 person’ condition, latency to 
first fixation) 

(Megan Freeth 
& Bugembe, 

2019) 

82 86 143 12, 13 Means and SDs taken from figure 2 (‘direct’ 
condition) 

-- 82 86 144 -- (‘Averted’ condition) 

(Gray, Haffey, 
Mihaylova, & 
Chakrabarti, 

2018) 

83 87 145 28, 38 Means and SDs obtained from author. 

(Kovarski, 
Siwiaszczyk, 

Malvy, Batty, & 
Latinus, 2019) 

84 88 146 16, 16  Means and SDs are recovered from figure 3 
(latency to first fixation). 

(Garon, 
Forgeot d’Arc, 

Lavallée, 
Estay, & 

Beauchamp, 
2018) 

85 89 147 30, 59 Only latency to first fixation data are 
reported. Effect size computed from t value 
on page 8. 

(Falck-Ytter et 
al., 2018) 

86 90 148 13, 14 Means and SDs are recovered from figure 2. 
We define the ‘low risk’ group as the control 
group.   

(Shic, Wang, 
Macari, & 

Chawarska, 
2019) 

87 91 149 50, 47 Means and SDs taken from Table 1 (‘dg+ 
sp+’ condition) 

-- 87 91 150 -- (‘dg+ sp-‘ condition) 

-- 87 91 151 -- (‘dg- sp+’ condition) 

-- 87 91 152 -- (‘dg- sp-‘ condition) 

(Wang et al., 
2019) 

88 92 153 16, 23 Means and SDs are taken from table 2. All 
data are taken from the pre-training 
condition. (‘Cue’ condition).  

-- 88 93 154 19, 23  ‘Nocue’ condition. 



(Cao et al., 
2019) 

89 94 155 21, 22 We estimate the mean and SD  from the 
interquartile range presented in the boxplots 
in figure 3 and 4. (‘Human’ condition). 
 

-- 89 94 156 -- (Latency to first fixation) 

(Harrop et al., 
2019) 

90 95 157 23, 16 Data are pooled across the ‘dyadic’ and 
‘basic’ conditions. Means and SDs are 
recovered from Figure 2 (males) 

-- 90 96 158 19, 16 (Females) 

(Tang, Chen, 
Falkmer, Bӧlte, 

& Girdler, 
2019) 

91 97 159 23, 25  Means and SDs are taken from the 
‘elsewhere’ AOI and the direction of this 
effect is inverted.  
 
Means and SDs are taken from figure 3 
 

(Parish-Morris 
et al., 2019) 

92 98 160 28, 27 Means and SDs are taken from table 3 

-- 92 98 161 --  

(Bradshaw et 
al., 2019) 

93 99 162 28, 23 Means and SDs are taken from the text on 
p786. In line with inclusion criteria, only the 
‘socpref’ data at time 1 are used (i.e. before 
the intervention).  

(Kwon, Moore, 
Barnes, Cha, & 
Pierce, 2019) 

94 100 163 74, 43 Means and SDs are recovered from figure 2. 
 
Only data from experiment 2 are included, 
since there are no competing social and 
nonsocial displays in experiment 1. Note that 
the ‘geopref’ score is inverted to obtain a 
social preference score. 
 
 

(Hong et al., 
2019) 

95 101 164 17, 17 Means and SDs are taken from figure 2. 
Data are taken from the ‘social preference’ 
condition only. It is reported that there were 
no significant differences between groups in 
the ‘emotional faces’ task, but the direction 
of the effect is not reported. 

(Kou et al., 
2019) 

96 102 165 32, 34 Effect size is computed from the t value in 
the text on p 1533 (‘dynamic visual 
preference’ condition).  

-- 96 102 166 -- Means and SDs recovered from figure 3 
(‘Biological Motion’ condition). 



-- 96 102 167 -- Means and SDs recovered from figure 4 
(‘static’ condition). 

 
 

 

Social Seeking 

Table S3  

Summary of Effects Included in the Analysis of Social Seeking Effects 

Study Sample Experiment Effect N ASD, N NT Notes 

(Scott-Van 
Zeeland, Dapretto, 
Ghahremani, 
Poldrack, & 
Bookheimer, 
2010) 

1 1 1 16, 16 Effect size computed from the means 
and SDs for the accuracy data reported 
in table 2. Insufficient information is 
reported to compute an effect size 
based on the RT data. 

(Demurie, 
Roeyers, 
Baeyens, & 
Sonuga-Barke, 
2011) 

2 2 2 31, 40 Means and and SDs are taken from 
table 3. We pool these statistics across 
reward magnitude 5 and 15. (RT data) 

 -- -- 3 -- (Accuracy data) 

(Kohls et al., 
2011) 

3 3 4 16, 20 Means and and SDs are taken from 
table 2.  (RT for hits). 

 -- -- 5 -- Hit rate (accuracy) 

(Delmonte et al., 
2012) 

4 4 6 21, 21 Means and SDs are extracted from 
Figure 2. These statistics are pooled 
across reward levels (RT data). 

(Dichter, Richey, 
Rittenberg, 
Sabatino, & 
Bodfish, 2012) 

5 5 7 16, 20 Means and SDs recovered from figure 
2 (RT). 

(Lin, Rangel, & 
Adolphs, 2012) 

6 6 8 10, 10 Means and SDs are recovered from 
figure 5. (accuracy).  

(Kohls et al., 
2013) 

7 7 9 15,17 Means and SDs taken from table 2 
(RT). 

 - - 10 -- (Accuracy for go trials). 

(Ewing, Pellicano, 8 8 11 19, 19 Means and SDs are recovered from 



& Rhodes, 2013) figure 1. These statistics are pooled 
across nonsocial stimulus categories 
(number of key presses). 

(Richey et al., 
2014) 

9 9 12 16, 19 Means and SDs are recovered from 
figure 2. (RT data). 

(Pankert, Pankert, 
Herpertz-
Dahlmann, 
Konrad, & Kohls, 
2014) 

10 10 13 17,17 Means and SDs are taken from table 2. 
These statistics are pooled across 
‘familiar’ and ‘unfamiliar’ stimuli. (RT, 
visual condition). 

 -- -- 14 -- (RT, auditory). 

(Dubey, Ropar, & 
Hamilton, 2015) 

11 11 15 30, 24 Means and SDs obtained from author. 
These statistics are pooled across 
effort conditions (choice proportion). 

(Neuhaus, 
Bernier, & 
Beauchaine, 
2015) 

12 12 16 18, 18 Effect size is computed from p value in 
table 2 for the ‘condition x group’ 
interaction. Direction of the effect can 
be inferred from figure 1 - but there are 
no error bars (RT).  

 -- -- 17 18, 18 (Accuracy). 

(Damiano et al., 
2015) 

13 13 18 24, 21 Means and SDs are recovered from 
figure 2. It is not indicated whether the 
error bars in this figure are SE or SD 
and so we assume that they are SE. 
(RT). 

(Watson et al., 
2015) 

14 14 19 12, 22 Means and SDs are recovered from 
figure 2. Data are only taken from the 
‘equivalent’ condition. We pool across 
‘high autism interest’ and ‘low autism 
interest’ conditions.  

(Ruta et al., 2017) 15 15 20 21, 36  Means and SDs are recovered from 
figure 2 (button press proportion).  

(Dubey, Ropar, & 
de C Hamilton, 
2017) 

16 16 21 31, 37 Means and SDs obtained from the 
author. These statistics are pooled 
across effort levels (choice proportion).  

(Goldberg et al., 
2017) 

17 17 22 21,20 Means and standard deviations are 
recovered from figure 1. (choice 
proportion). 

(Goldberg et al., 
2017) 

17 18 23 -- Means and standard deviations are 
recovered from figure 2. (break points). 

(Gilbertson, Lutfi, 
& Ellis Weismer, 
2017) 

18 19 24 16, 14 Means and standard deviations are 
recovered from figure 1 (number of 
button presses). 

(Kohls, Antezana, 
Mosner, Schultz, 
& Yerys, 2018) 

19 20 25 39, 22 Means and SDs taken from table 2 
(RT). Accuracy data is also reported, 
but it is unusable because the task 
uses a performance-based algorithm to 



keep performance thresholded at 50%.  
 

(Wang et al., 
2018) 

20 21 26 22, 25 Means, and SDs are recovered from 
figure 3 (proportion of choices). 

(Traynor, Gough, 
Duku, Shore, & 
Hall, 2019) 

20 22 27 10, 19 Means and SDs taken from figure 2. 
These statistics are pooled across 
neutral and interest conditions (number 
of button presses).  

(Gale, Eikeseth, & 
Klintwall, 2019) 

21 22 28 27, 40 Experiment 1. Means and SDs are 
reported in the text on p 4. Note the 
data from experiment 2 could not be 
included, since this experiment uses 
‘nonhuman’ social stimuli, which would 
render a comparison to other effects 
within this analysis problematic. Also 
note that data from experiment 3 could 
not be included, since social and 
nonsocial stimuli were presented on 
separate trials, and the data for 
nonsocial stimuli are not reported.  

 

 

Supplementary Material S5: Influential case diagnostics 

Social Orienting 

 To identify potentially outlying studies, we removed each individual effect from the 

analysis and observed the impact of removing this effect on model outcomes (Viechtbauer & 

Cheung, 2010 – see Figure S3). Any effects whose removal led to a change that was +/- 3 SD 

from the mean influence of a removed studies in any measure were inspected further.   



 

Figure S3. Depicts model parameters as a function of the effect that was removed from the 

analysis. Shaded region depicts values +/- 3 SD from the mean. Red points indicate effects 

identified as outliers.  

 

7 effects, from 4 studies (Billeci et al., 2016; D. M. Riby & Hancock, 2009; D. M. Riby et 

al., 2013; Wang et al., 2018) were identified as an outlier on at least one measure, indicating 

that the removal of these studies have a disproportionate impact on the results. Further 



examination revealed that the large influence of these studies reflected the fact that they 

involved very large effects, large effects in the negative direction, or they emanated from very 

large samples. No data entry errors were detected. Thus, we reasoned that there was no 

justification for removing these effects from the analysis.  

 

Table S4  

Summary of Orienting Effects Identified as Influential Cases 

Study Parameter estimate Effect 
number 

Comment 

(D. M. Riby & 
Hancock, 2009) 

d = 2.95 22 This effect is based on latency to first fixation 
data. The effect does genuinely seem to be 
large - it is in the order of over a second (NT 
mean = 762 , ASC mean = 2011) .   

(D. M. Riby et al., 
2013) 

d = 2.55 66 This effect is computed from a t value (8.47) 
reported in the text, which is very large.  

    

(Billeci et al., 2016) d = -0.97, d = -1.01 96, 97 These effects are based on p values reported 
in the text. The large influence of these effects 
probably reflects the fact that they are quite 
large and in the negative direction. 

(Wang et al., 2018) d = - 1.05 , d = 1.33, d = 
-0.5  

126, 127, 
128 

The large influence of these studies probably 
reflects the very large sample size of this study 
(112 NT and 162 ASD).  

    

 

 

Social Seeking 



 

Figure S4.  Depicts model parameters as a function of the effect that was removed from the 

analysis. Shaded region depicts values +/- 3SD from the mean. Red points indicate effects 

identified as outliers. 

 

Effect number 27 (Traynor et al., 2019) was identified as an outlier on several measures, 

indicating that the removal of this study has a disproportionate impact on the results. There 

were no obvious errors in data entry - and the effect size estimate was within the confidence 

intervals of other estimates. Therefore, there was no justification for removing the effect from the 

analysis.  

 



 

Table S5  

Summary of Seeking Effects Identified as Influential Cases 

Study Parameter estimate Effect 
number 

Comment 

(Traynor et al., 2019) d = 2.19 27 The effect reported in the paper is large. 
Moreover, the parameter estimate overlaps 
with the confidence intervals of other studies. 

 

 

Supplementary Material S6: Summary of Parameter Estimates 

Social Orienting 

 

Table S6  

Parameter Estimates for Moderators of Social Orienting Effects 

Parameter  Main effect R2 Fitted parameter estimates 

VIQ match Q (1) = 2.22, p =.136 2.13% Unmatched (k = 100, β = 0.56, [0.44 0.67]***) 
Matched (k = 67, β = 0.42, [0.27 0.56]***) 

NVIQ match Q (1) = 0.20, p = .651 0.04% Unmatched (k = 100, β = 0.49, [0.37 0.60]***) 
Matched (k = 67, β = 0.53, [0.39 0.68]***) 

Sex ratio Q (1) = 0.47, p = .494 0.12% b0 = 0.54, [0.40 0.67] 
b1 = -0.01, [-0.02 0.01] 

Age Q (1) = 2.31, p = .128 0.13% b0 = 0.43, [0.29 0.56] 
b1 = 0.01, [- 0.02 0.02] 

Diagnostic 
Assessment 

Q (2) = 9.76, p = .008 6.76% No ADOS (k=55, β = 0.71, [0.55 1.88]***) 
ADOS (k=103, β = 0.40, [0.30 0.52]***) 
ADOS/ADI-R (k=9, β = 0.47, [0.07 0.87]*) 

Orienting 
Measure 

Q (5) = 8.12, p = .150 4.16% Total Gaze Duration (k = 135, β = 0.48, [0.38, 0.58]***) 
Latency to first fixation (k = 18, β = 0.84, [0.55, 1.12]***) 
Proportion of first fixations (k = 6, β = 0.48, [0.01, 0.95]) 
Dot probe latency (k = 4, β = 0.29, [-0.27, 0.85]) 
Visual search Latency (k = 2, β = 0.01, [-0.78, 0.81]) 
CFS detection latency (k = 2, β = 0.17, [-0.65, 1.0]) 

Stimulus 
modality 

Q (1) = 0.03, p = .867 0.00 Image (k = 71, β = 0.62, [0.46, 0.77]***) 
Video (k = 96, β = 0.50, [0.37 0.62]***) 

Stimulus AOI Q (4) = 11.02, p = .026 9.11% Face (k = 75, β = 0.40, [0.27, 0.53]***) 
Person (k = 61, β = 0.49, [0.35, 0.64]***) 



Social scene (k = 21, β = 0.83, [0.59, 1.08]***) 
Biological motion (k = 7, β = 0.55, [0.12, 0.98]*) 
Eyes (k = 3, β = 0.92, [0.22, 1.62]*) 

Stimulus 
context  

Q (6) = 16.56, p = .011 11.36% Free-viewing (k = 109, β = 0.60, [0.49, 0.71]***) 
Active engage (k = 15, β = 0.52, [0.24, 0.81]***) 
Active present (k = 8, β = -0.00, [-0.40, 0.39]) 
Active social task (k = 14, β = 0.50, [0.17, 0.82]**) 
Active nonsocial task (k = 6, β = 0.27, [-0.19, 0.73]) 
Active joint-attention (k = 11, β = 0.16, [-0.16, 0.49]) 
Search (k = 4, β = 0.09, [-0.47, 0.65]) 
 

Interactive 
content 

Q (2) = 12.63, p = .002 9.92% None (k = 99, β = 0.45, [0.34, 0.56]***) 
Interaction in stimulus (k = 43, β = 0.76, [0.58 93]***) 
Interaction with observer (k = 25, β = 0.29, [0.07, 0.51]*) 

    

 

Note.* p <.05, ** p <.01, *** p <.001 

 

Social Seeking 

 

Table S7  

Parameter Estimates for Moderators of Social Seeking Effects 

Parameter  Main effect R2 Fitted parameter estimates 

VIQ match Q (1) = 3.50, p 
=.061 

22.12% Matched (k = 14, β = 0.06 , [-0.19 0.32]) 
Unmatched (k = 14, β =0.40, [0.15 0.65]***) 

NVIQ match Q (1) = 7.43, p 
=.006 

38.96% Matched (k = 17, β = 0.04, [-0.17 0.26]) 
Unmatched (k = 11, β = 0.51, [0.25 0.78]***) 

Sex ratio Q (1) = 7.71, p 
=.006 

33.93% b0 = 0.59, [0.29 0.89], *** 
b1 = -0.04, [-0.07 - 0.01], ** 

Age Q (1) = 0.08, p 
=.774 

0.00% b0 = 0.18, [-0.21 0.58], p = .359 
b1 = 0.00, [-0.02 0.03], p=.774 

Diagnostic 
Assessment 

Q (1) = 8.33, p 
=.004 

34.88% No ADOS (k = 3, β = 0.95, [0.44 1.47]**) 
ADOS (k = 25, β = 0.15, [-0.03 0.33]) 

Seeking measure Q (3) = 12.56, p 
=.006 

61.72% Accuracy (k = 9,  β = 0.11, [-0.17 0.38]) 
RT (k = 8, β = -0.05, [-0.32 0.23]) 
Button Press (k = 4, β = 0.29, [-0.14 0.72]) 
Choice proportion (k = 7, β = 0.64, [0.35 0.94]***) 

Social stimulus 
type 

Q (5) = 6.21, p 
=.286 

26.60% Smiling face (k = 15, β = 0.32, [0.08 0.56]**) 
Interaction (k = 3, β = 0.63, [0.11 1.14]*) 
Neutral face (k = 4, β = -0.14, [-0.59 0.31]) 



Praise (k = 3, β = -0.03, [-0.57 0.51]) 
Social activity (k = 2, β =0.20, [-0.44 0.84]) 
Speech (k = 1, β = 0.04, [-0.94 1.02]) 

Stimulus modality Q (3) = 1.47, p 
=.690 

12.45% Video (k = 7, β = 0.40, [0.05 0.76]*) 
Image (k = 17, β = 0.19, [-0.05 0.42]) 
Sound (k = 2, β = 0.00, [-0.70 0.72]) 
Real world (k = 2, β = 0.20, [-0.47 0.87]) 

    

 

Note.* p <.05, ** p <.01, *** p <.001 

 

Supplementary Material S7: Interactive Models. 

 

 A report of meta analytic outcomes, which includes details of all 2-way interactive 

models can be found here: https://figshare.com/articles/Data_supplements_for_ASD_meta-

analysis/12327767 (Hedger, 2020).  

 

 

  

https://figshare.com/articles/Data_supplements_for_ASD_meta-analysis/12327767
https://figshare.com/articles/Data_supplements_for_ASD_meta-analysis/12327767
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