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Thesis overview  

 

 This thesis comprises one volume with two chapters and is submitted by Emma 

Elizabeth Covernton to fulfil the requirements of the Clinical Psychology Doctorate 

programme. The first chapter is a systematic review and meta-analysis of studies measuring 

differences in social cognition of children born prematurely compared to their full-term peers. 

The key outcome of analysis was that children born at earlier gestational ages present with 

differences in affect recognition and theory of mind abilities, with children born prematurely 

performing worse in these social cognitive domains.  

 Chapter two presents an empirical pilot study with two parts. Part One investigates the 

association between implicit and explicit measures of social cognition, using eye tracking 

methodology (implicit measurement) and behavioural observational methods (explicit 

measurement). The aim of part one was to estimate the effect size of the correlation between 

implicit and explicit measures of social cognition. Findings suggest large correlations between 

measures are unlikely when measured cross-sectionally.  

 Part Two investigates differences in social cognition between a small group of children 

born moderately to late preterm compared to age matched full-term children. The aim of part 

two was to estimate the effect size of differences between groups on measures of social 

preference and skills considered precursors of theory of mind abilities. Findings suggest 

important differences may exist in social preference between children born moderate to late 

preterm compared to their full-term peers.  
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CHAPTER ONE:  

DO CHILDREN BORN PRETERM PRESENT WITH DIFFERENCES IN SOCIAL 

COGNITION AS COMPARED TO THEIR FULL-TERM PEERS?
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Abstract  

OBJECTIVES: This systematic review and meta- analysis aimed to investigate whether 

children born prematurely present with differences in social cognition as compared to their full-

term peers. 

METHODS: All literature from start of database creation to February 2022 was searched for 

studies measuring social cognition in preterm children and adolescence (age 0-18 years) with 

a full-term comparison group. A bespoke quality assessment tool was developed to assess 

quality of included studies. Results were synthesised by way of social cognitive domain. 

RESULTS: Six separate meta-analyses were possible for early social preference, joint attention 

behaviours (gaze following, responding to joint attention – point +gaze behaviours and 

initiating joint attention), affect recognition and theory of mind. Studies not possible to meta-

analyse were retained for narrative review and categorised into the social cognitive domains of 

early social attention/perception and, social reasoning and empathy. Results suggest preterm 

children born at earlier gestational ages present with differences in affect recognition and 

theory of mind abilities, demonstrating fewer of these skills when compared to full-term 

children. The results of earlier developing social cognitive domains remain inconclusive.  

DISCUSSION: This paper is the first to quantify differences in social cognition using meta-

analytic methods beyond joint attention skills. The trajectory of social cognitive development 

in children born prematurely is currently unclear. Identification of prematurity as a risk factor 

for social cognitive differences suggests preterm children may benefit from increased 

professional attention.  
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Introduction 

Preterm birth, defined as birth occurring at a gestational age (GA from here onwards) 

of less than 37 weeks (Howson et al., 2013) affects approximately 11% of births worldwide 

(Vogel et al., 2018). Within the broader category of prematurity, subcategories are recognized, 

such as extremely preterm (<28 weeks GA), very preterm (28-<32 weeks GA) and moderate 

preterm (32-<37 weeks GA), with the latter also further sub-divided into late preterm birth (34-

<37 weeks GA; Blencowe et al., 2013). Rates of survival from preterm birth are increasing, 

particularly in higher income countries (Blencowe et al., 2012; Vogel et al., 2018). With 

advancements in neonatal medical practices, mortality continues to decline (UN Children’s 

Fund, 2017), with many infants born prematurely surviving into adulthood. The growing 

number of children, young people and adults born prematurely highlights the importance of 

understanding the potential ongoing consequences of preterm birth. An area of particular 

interest relates to the interactions between social development and premature birth. 

Social Development  

Research on social development employs a diverse range of definitions and 

measurement approaches (Rose-Krasnor, 1997; Rubin et al., 1995; Yeates et al., 2007). The 

transactional nature (contingent on individual child characteristics and interactions with others 

in their social world) and the impact of time and context (developmental nature) of social 

development has perhaps contributed to the diversity of definitional constructs (Rubin & 

Krasnor, 1986; Rubin & Rose-Krasnor, 1992; Yeates et al., 2007). Taylor et al. (2022) 

summarises a hierarchical three-component model of social competence which draws on 

theoretical understandings reported by Yeates et al. (2007). This model suggests that the 

construct of social competence includes social cognition, social interaction, and social 

adjustment which represent distinct, yet related components relevant to understanding social 

development. Each part of the model is a building block representing different levels of social 
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complexity (the hierarchical nature of the model), and all parts influence and are influenced by 

one another across development. The theory underpinning this model has support from other 

theories whereby social information processing has been conceptualised as a critical 

determinant of social competence (Crick & Dodge, 1994; Rubin & Krasnor, 1986; Yeates et 

al., 2007), but also research suggesting social information processing, social interactions and 

social adjustment are closely associated (Crick & Dodge, 1994; Parker et al., 2006; Rubin et 

al., 2006; Wacaldo & Rieger, 2006; Yeates et al., 2007). Explicit definitions are important to 

be able to synthesise findings in a research area which has employed varied definitions of 

related constructs (as shown in recent reviews such as Dean et al., 2021). The three- component 

model of social competence (Yeates et al., 2007) has been helpful in the study of other 

divergent developmental trajectories (Yeates, 2000; Yeates et al., 2007) and distinguishing 

among different levels of social complexity can allow for a better understanding of pathways 

to pathology (Crick & Dodge, 1994).  This paper focuses on social cognition to summarise 

current knowledge on this level of social complexity in preterm infants as compared to their 

full-term peers.   

Social cognition is a broad term which encompasses many different processes by which 

individuals understand and make sense of the world (Frith, 2008). This includes the mental 

processes involved in social interactions (Taylor et al., 2022). Such processes may therefore 

include social attention (Pavlova, 2011), affect perception, emotion processing and theory of 

mind (Yeates et al., 2007; Taylor et al., 2022). Social cognition develops throughout childhood 

and adolescence, therefore adopting a developmental perspective can be helpful to understand 

how social understanding evolves (Alaerts et al., 2011; Rao et al., 2008; Soto-Icaza et al., 

2015). Figure 1 describes a developmental perspective of the acquisition of earlier social 

cognitive skills. This figure highlights the social behaviour milestones during the first five 

years of childhood (Soto-Icaza et al., 2015) and the inter-related nature of social-cognitive skill 
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Outcomes of Preterm Birth  

Studies exploring sequalae of preterm birth more broadly have suggested increased 

adverse risks across many areas of child development (Taylor et al., 2022). Risks include 

cognitive deficits, such as lower intellectual functioning, impairments in motor development, 

early language development, processing speed and executive functioning (Aarnoudse-Moens 

et al., 2009; Bhutta et al., 2014; Bos et al., 2013; Capobianco & Cerniglia., 2017; Hirschberger, 

2018; Ream & Lehwald, 2018; Serenius et al., 2016). Additionally, a tendency toward 

internalising traits such as anxiety and depression (Johnson & Marlow, 2011), and an increased 

risk of psychiatric disorders such as anxiety and neurodevelopmental difference such as 

attention deficit hyperactivity disorder – ADHD are suggested (Bhutta et al., 2002; Johnson et 

al, 2010; Norsarti et al., 2012; Treyvaud et al., 2013). Heightened rates of autism are also 

observed in preterm populations, as compared to full-term peers (Agarwal et al., 2018; 

Fenoglio et al., 2018; Guo et al., 2022; Johnson et al., 2010; Laverty et al., 2021; Singh et al., 

2013). Furthermore, indidivuals born prematurely may be more likely to have difficulties 

consistent with an autism diagnosis without meeting diagnostic cut-offs (Laverty et al., 2021). 

Differences in social communication and functioning represent a key feature for a diagnosis of 

autism and as such increased research exploring the impact of prematurity on different social 

outcomes is unsurprising. 

Existing Reviews:  Prematurity and Social Development   

 Several existing reviews explore different aspects of social development in children 

born prematurely, a summary of which is presented in Table 1. Focusing on children born very 

preterm (<32 weeks GA), Montagna and Nosarti’s (2016) systematic review included broader 

social-emotional skills, as well as social cognition and described “sub-optimal functioning” in 

early social attention, joint attention, emotion recognition and theory of mind in children born 

preterm compared to those born at term (Montagna & Nosarti, 2016). However, this review 
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also highlighted the very few studies available at the time. Ritchie et al.’s, (2015) systematic 

review focused on social development in children born very preterm, (<33 weeks GA), with 

studies suggesting increased risk of social adjustment difficulties such as social withdrawal and 

peer relationship problems. Increased risk was suggested to be across development from 

infancy to early adolescence.  

 Systematic review including children across all GAs of children born prematurely 

suggest poor social/interactive skills as a definitive part of the behavioural profile (Arpi & 

Ferrari, 2013). The review also demonstrated that these differences in social and interactive 

skills are present across preterm GA and not limited to those children born at earlier gestations. 

Differences between preterm and term-born children have also been described in social 

interaction and joint attention (Fenoglio et al., 2017; Zmyj et al., 2017), in addition to atypical 

social-emotional development, increased internalizing behaviours, dysregulation and 

impairments in gaze following and early social attention (Fenoglio et al., 2017). Johnson et al., 

(2018) more recently suggested a “preterm phenotype” which encompasses increased risk for 

cognitive, attention and social-emotional differences which may expand beyond earlier GAs to 

include children born moderately to late preterm (32 weeks+0/6days – 36 weeks+6/7 days GA).  

Most recently Dean et al. (2021) synthesised a large body of literature assessing the 

nature of social cognition following preterm birth between 1995 and 2017 across all GAs (Dean 

et al., 2021). This review showed great irregularity in published results due to considerable 

variability in outcome assessed, choice of assessment method and varying definitions of 

prematurity. This systematic review was important in identifying and summarising research in 

this area, by including a very broad definition of social cognition, in addition to the inclusion 

of attachment and diagnostic measures of autism. However, a lack of distinction among 

different levels of social complexity (as suggested by Yeates et al., 2007 as important when 

studying social competence), in addition to limits placed on searches (year of study and age 
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range 0-5 years) resulted in a systematic review that could not quantify described differences 

through meta-analysis.   

Despite the number of systematic and narrative reviews, only one study has progressed 

to meta-analysis to quantify social cognitive differences in preterm children. Mateus et al. 

(2019) explored differences in a defined subdomain of social cognition, joint attention, between 

pre-term and full-term children and found no significant differences in responding to joint 

attention, initiating joint attention and joint attention episodes. The authors highlighted the poor 

quality of the studies available at the time (searches conducted in 2016), in addition to the need 

for an updated review once more research was available. This study is important in highlighting 

the emerging possibility of meta-analytic methods in this area of research to quantify the size 

and nature of differences described in narrative reviews. However, the focus on one subset of 

social cognition in isolation limits broader interpretation of the findings. A more 

comprehensive approach to meta-analysis, considering the breadth of social cognitive skills, is 

important due to the inter-related nature of social cognitive development.  

Across all reviews described, major limitations in the literature were highlighted. These 

included definitional issues, with social competence used interchangeably with broader socio-

emotional and behavioural adjustment domains (Ritchie et al., 2015). Methodological 

limitations were also identified, including the large variation in outcomes assessed and tools 

used (Ritchie et al., 2015), There was a predominance of studies using caregiver report for 

assessment of social development (Montagna & Nosarti, 2016; Ritchie et al., 2015) which may 

over-estimate differences in comparison to experimental methods. Finally, many studies lacked 

comparisons to full-term peers making interpretation as to true differences between groups 

more difficult to capture and a clear profile of social strengths and weaknesses difficult to 

delineate (Ritchie et al., 2015). 
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Fenoglio et al. (2017) and Zmyj et al. (2017) further identified an important problem in 

the research in that preterm children’s social cognitive abilities compared to their full-term 

peers have received much less attention and should be investigated more intensely. 

Additionally, the focus of the majority of reviews on only earlier gestations of prematurity 

limits the generalisability of interpretation to later gestational ages, which represent a larger 

proportion of this cohort (Boyle et al., 2015; Moser et al., 2007). Existing reviews focus on 0-

5 age range, with only one extending beyond this (refer to Table 1 for additional detail). The 

acquisition of social cognitive skills spans development beyond early childhood to adolescence 

where environmental and biological changes typically result in new social encounters which 

rely on earlier foundational social cognitive skills in the evaluation of social stimuli/situations 

(Choudhury et al., 2006). Earlier divergent trajectories may influence later developing skills 

(Masten & Cicchetti, 2010) and so a more holistic understanding of the longer-term trajectory 

in those born prematurely is important.  

Rationale  

The complexity of social development research means there are many ways of 

conceptualising, defining, and measuring constructs of interest. The number of studies 

exploring aspects of social development in individuals born prematurely evidence this is an 

area of interest. A fundamental limitation of existing reviews is lack of a clear definition of 

terms, which is essential when attempting to synthesise data in a way in which makes sense 

theoretically and may be suitable for meta-analysis. The vast number of studies with varying 

methodologies and definitional constructs identified by Dean et al.’s (2021) recent synthesis 

perhaps suggests a narrower definition of social cognition might be helpful to synthesise data 

in a way in which makes sense theoretically and may be suitable for meta- analysis. 

Following identification of a deficit in research in social cognition and prematurity and 

subsequent call for further studies in this area (Fenoglio et al., 2018; Zymj et al., 2017) there is 
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a clear rationale for a further review, synthesising, and meta-analysing emerging studies in the 

area of social cognition. Existing reviews (Dean et al., 2021; Fenoglio et al., 2018; Mateus et 

al., 2019) include studies from 1994-2017 and since this time there has been an increased focus 

on further exploration of outcomes related to social development, re-examining this area and 

assessing suitability for the application of meta-analytic methods for synthesis is therefore of 

great value.  

This systematic review and meta- analysis aimed to investigate whether children born 

prematurely present with differences in social cognition as compared to their full-term peers in 

the following way: 

1. Synthesise all existing literature using a clearly defined construct of social cognition, 

by extending date restriction parameters to studies pre 1994 to present day and 

extending the age range of participants from 0-18 years.  

2. Combine studies measuring broad social cognitive abilities across domains, extending 

beyond joint attention. This will include meta-analysis where possible and providing a 

narrative review for papers meeting inclusion criteria which are not appropriate for 

meta-analytic methods.  

3. Identify participant characteristics that may be associated with differences in social 

cognition in preterm samples compared to full-term peers.   
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Method3 

Registration of Systematic Review  

Before a search was undertaken, the present study was preregistered on the international 

prospective register of systematic reviews (PROPSERO). Available at: 

https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=229456.  

Search Strategy  

 The identification, screening and data extraction of eligible studies was conducted in 

accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses – 

PRISMA (Liberati et al., 2009). See Appendix 1 for PRISMA checklist. A comprehensive 

electronic search strategy was used to identify all studies indexed in MEDLINE, Embase, 

PsycINFO, PubMed, Networked Digital Library of Thesis and Dissertations, open access thesis 

and dissertations and ProQuest, from the beginning of database creation to February 2022.  

Search terms were generated by examining terms used in existing reviews in the research area 

(Dean et al., 2021; Mateus et al., 2019; Ritchie et al., 2015). From this, a comprehensive 

electronic search strategy was devised with the aim of identifying all studies involving 

assessment of social cognition in children born prematurely. Search terms were intentionally 

broad to allow for identification of all relevant studies. This was considered of particular 

importance due to the heterogeneity of assessment methods and terms used in the literature on 

social cognition (Dean et al., 2012). Prior to undertaking the search, the term “eye tracking” 

was added as during preliminary searching, further relevant studies were located that deployed 

eye tracking methods. See Table 2 for full list of search terms employed. 

Three recent systemic reviews were hand searched to identify any further publications 

(Dean et al., 2021; Fenoglio et al., 2018; Mateus et al., 2019). Additionally, reference lists of 

 
3 From here onwards acronyms have been used to describe the groups of interest in this review. To 
support the reader these are as follows; PT = preterm; FT = full-term.  
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During review, a third stage of screening was required which involved closer 

examination of studies in which the definition of social cognition was unclear. This involved 

review of studies reporting to measure joint attention and studies measuring aspects of social 

cognition outside of the categories established a priori to stage two screening. Responding to 

joint attention was defined as the ability to follow the direction of gaze and/or gestures of others 

(Mundy et al., 2007). Initiating joint attention was defined as the ability to use direction of gaze 

and/or gestures to direct the attention of others to spontaneously share experiences (Mundy et 

al., 2007). When information provided in a study was not sufficient to establish measurement 

in line with these definitions, studies were excluded. The rationale for this was that the aim of 

the current study was to attempt to group studies together which were measuring the same 

construct to allow for meta-analysis. Decisions for inclusion/exclusion were made 

collaboratively in supervision. Authors were contacted when studies did not report adequate 

statistical information. Studies were excluded from analysis when this information could not 

be accessed but retained for narrative review.  

 Domains of social cognition were not established a priori, and as such final 

categorisation of studies into sub-domains of social cognition were established based on how 

studies defined the sub-domain of social cognition they were measuring. The broad and 

varied terms used to describe the same, and different, aspects of social cognition meant this 

was important to meet the aims of this review and to be able to work towards assembling 

studies in a way which made quantification of possible differences between PT and FT 

children possible. 

Data Extraction 

Data from final studies meeting the inclusion criteria were extracted by a single 

reviewer (the author) and statistical information checked multiple times for accuracy. The final 

list of papers was allocated a number and a random number generator was used to select papers 
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at random. A second researcher extracted data from 20% of papers generated at random which 

were visually checked for accuracy. Only one discrepancy was detected, which was resolved 

by re-checking the original paper by both researchers. Each paper included in the meta-analysis 

was coded for study descriptors (such as sample size, gestational age, age of assessment) and 

methodology (such as assessment task, type of social cognitive skill measured).  

All data were initially extracted as reported in the original paper (for example, all time 

points and all tasks used to measure social cognition). Every effort was made to ensure studies 

included were distinct samples from one another, verified through contacting study authors for 

confirmation where required. Specific decisions were made across studies once all data had 

been extracted. Where there was replication, or a study assessed participants longitudinally, the 

largest sample size was included. Where different time points contained the same sample size, 

the time point which most closely matched the age at assessment of other studies measuring 

the same social cognitive domain was chosen. Where a sample was used in both a published 

study and unpublished dissertation/thesis, the larger sample was chosen. Where both reported 

the same sample size, the published study was chosen for inclusion. Further decisions relating 

to studies using multiple measures of the same construct and those reporting outcomes for 

subgroups are detailed under the statistical analysis sub-heading.  

Quality Assessment  

The quality of all studies that progressed to the final stage of the review process were 

assessed using a bespoke quality assessment framework (Table 5) developed for the current 

review. This was developed to control for threats to validity which included aspects of quality 

considered relevant to the research question.  

Factors of quality considered important fitted within six broad criteria. The sample (PT 

and FT sample identification and PT sample description) where random or total population 

sampling and a detailed description of gestational age, age at assessment, co-morbidities and 
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health status were considered excellent. Secondly, comparability of PT and FT groups, where 

group equivalence on both age and cognitive ability were considered excellent. The measure 

of social cognition, where the use of well-validated tasks/behavioural coding schemas were 

considered excellent. Blinding to group membership, where studies were considered excellent 

if both experimenters and coder were blinded. Inter-rater reliability, where excellent studies 

reported a moderate to excellent reliability. These benchmarks for inter-rater reliability were 

set based on literature (Cohen, 1960) for the purposes of establishing quality. Quality criteria 

relating to blinding to group membership and inter-rater reliability were considered relevant 

only to studies using behavioural measures, where such practices are considered gold standard. 

Studies employing eye tracking technology, in which behavioural coding is not required were 

rated as a three as studies employing these methods would not be subject to the same threats to 

validity.  

To establish quality related to statistical bias, sample size was considered. A G*power 

analysis revealed that to detect an effect size of 0.2 (at p < 0.05 with 80% power) a sample of 

620 (310 per group) would be required and therefore classified as excellent as per quality 

framework. To detect an effect size of 0.5 (at p < 0.05 with 80% power) a sample of 102 (51 

per group) would be required. To detect and effect size of 0.8 (at p < 0.05 with 80% power) a 

sample of 42 (21 per group) would be required. The calculation of power was based on a one-

tailed test which was considered appropriate as the difference between groups is reasonably 

expected in a specific direction.  

To eliminate risk of bias, an additional researcher completed quality ratings against the 

quality weighting framework for a subset of included papers (20%). Studies were numbered 

and a random number generator was used to randomly select papers. An excellent level of 

reliability for the independent quality weightings was obtained (weighted Cohen’s Kappa 0.87) 
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(Cohen. 1960). Where discrepancies were identified, agreement was made between the two 

raters. 
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Statistical Analysis 

Statistical analysis was performed in R, version 3.6.0 with RStudio, using the ‘meta’ 

and ‘metafor’ statistical software packages. Standard deviations and means for each social 

cognitive domain across PT and FT comparison groups were inputted into the spreadsheet. 

When this information was not available, effect sizes were calculated on the information made 

available in the paper, when sufficient information was provided to do so. When papers 

reported multiple measures of the same construct or reported outcomes for subgroups within 

PT and FT groups (for example gender, sub-categories of prematurity) these were combined to 

create a single pair-wise comparison in line with Cochrane guidance (Cochrane, 2022).  

Separate meta-analyses were conducted to produce overall effect size estimates for 

early social preference, responding to joint attention (gaze following), responding to joint 

attention (gaze + point), initiating joint attention, affect recognition and theory of mind. Each 

pooled effect size was expressed as a standardised mean difference (SMD, Hedges’ g) with 

corresponding 95% confidence intervals. 

Across analyses, the Restricted Maximum Likelihood estimator (REML) was chosen 

as the appropriate method for the calculation of the variation of the difference between studies, 

as this estimator has been shown to be more robust to deviations from normality (Banks et al., 

1985). QQ plots were then inspected for evidence of non-linearity in the distribution of SMD 

in both random and fixed effects model. If QQ plots suggested non-linearity and possible 

evidence of outliers, this was further explored prior to examining between study variation. 

Higgins et al. 2003 provide benchmarks for between study variation based on the value of 

Higgins I2. When between study variation was low, defined by Higgins et al. 2003 as a Higgins 

I2 < 50%) and QQ plots indicated a normal distribution, the fixed effects model was chosen to 

describe the weighted average SMD. When between study variation was substantial (defined 
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as a Higgins I2 > 50%), the random effects model was chosen to calculate the meta-analytic 

synthesis.  

When substantial heterogeneity was evident (Higgins I2 >50%), this was investigated 

further by inspecting Baujat scatterplots and the leave-one-out analysis for possible outliers 

impacting the magnitude of the weighted average effect. When the leave one out analysis 

suggested omitting a study would result in a significant reduction in heterogeneity (defined as 

I2 >20%), studies exerting an influence were explored further via forest plot. The cut-off of I2 

> 20% here was a decision made by the research team as a change in variation of 20% by the 

removal of one study was interesting and therefore warranted further exploration. Individual 

study quality was also inspected to explore whether certain aspects of quality may account for 

discrepant studies. If substantial methodological variation was observed or the study was 

substantially different from the rest of included studies, studies were omitted from meta-

analysis but included in narrative review. 

The impact of study quality on effect size estimates was explored when Higgins I2 

>10% and hence indicated variability. The cut-off of I2 > 10% here was a decision made by the 

research team as a change in variation of 10% due to aspects of study quality was interesting 

and therefore warranted further exploration. Individual This was achieved using a series of 

meta-regressions for the eight areas of study quality scored within the quality assessment 

framework. Given the predicted effects of PT children performing worse on social cognitive 

skills compared to FT children, negative estimates from meta-regression analysis would be 

consistent with better quality studies predicting greater differences between groups. Positive 

estimates from meta-regression analysis would be consistent with better quality studies 

predicting fewer differences between groups. 

 Despite the inclusion of unpublished studies in this meta-analysis, publication bias was 

still explored, particularly as the majority of included studies were from published literature. 
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Publication bias was identified by via inspection of funnel plots. Tests for funnel plot 

asymmetry should only be used when there are > 10 studies as when there are fewer than this, 

the power of the tests is too low to distinguish chance from real asymmetry (Cochrane, 2022). 

Therefore, visual inspection of funnel plots was supplemented with a statistical test of 

publication bias (Egger et al., 1997) only when there were >10 studies. When there was 

evidence of publication bias, the effect was simulated using a trim and fill procedure (Duval & 

Tweedle, 2000), and Rosenthal’s failsafe number was used to determine the number of non-

significant studies required to reduce this effect to non-significance.  

 Subgroup analysis and meta-regression were performed where possible to further 

explore the impact of study level covariates upon social cognitive outcomes. Meta-regression 

should generally not be considered when there are fewer than ten studies in a meta-analysis 

(Cochrane, 2022) and so this was performed based on whether the required number of studies 

was located and the availability of consistently measured covariates across studies. Due to 

inconsistencies across studies in definition of GA, GA was not explored as a covariate. As is 

described below, GA for PT children was categorised based on the reported mean to be able to 

offer a summary/indication of GA within each meta-analysis. This however was not an accurate 

reflection of GA, where studies often included a broad range of GAs and therefore analysing 

this statistically was unlikely to offer anything meaningful due to this inconsistency.   

Structure of Results 

 The results are presented by way of approximate developmental age of which the skills 

typically emerge, in accordance with wider literature.  

Due to variation in the reporting of participant characteristics across studies, 

demographics were grouped into categories to be able to describe and summarise PT and FT 

children within each meta-analyses in a meaningful way. The GA for children born prematurely 

were grouped into one of four categories using the reported means. These categories were <28 
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weeks (extremely PT), 28-<32 weeks (very PT), 32-<34 weeks (moderate PT) and 34-<37 

weeks (late PT), which are widely report classifications of GAs of prematurity. For FT children, 

GA ranges were not reported for each meta-analysis due to inconsistences of reporting means 

and standard deviations for GA for this group across studies.  

Age at assessment was reported for both PT and FT children within each meta-analysis 

as approximate age range only, again due to inconsistencies in methods of reporting. For 

example, some studies reported age in days instead of months or years, and/or means and 

standard deviations were not consistently reported across studies.  

The measurement and reporting of cognitive ability between groups was varied and not 

possible to combine meaningfully. The number of studies reporting this information were 

summarised and tabulated to be able to describe characteristics of PT and FT samples in 

relation to differences in cognitive ability.  
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Results 

 As shown in the PRISMA flowchart in Figure 2, 19,038 records were returned from 

searches performed across all electronic databases listed. Subsequently 2,069 records were 

removed due to duplication. The remaining 16,969 records were reviewed in accordance with 

stage one criteria, and 701 were reviewed according to stage two criteria. The remaining studies 

(n=56) were identified as relevant to the current review. A visual matrix of quality weighting 

for all included studies is presented in Table 6, alongside study characteristics and outcome 

data.   

 Studies were organised into five overarching social cognitive domains as shown in table 

714. This table details how papers were categorised into these domains, reasons for exclusions 

and number of studies included in meta-analysis and review. Some studies measured multiple 

social cognitive domains and so are reported in multiple domains. Six separate meta-analyses 

were possible. Those papers not eligible for inclusion in analysis were retained for narrative 

review. Papers excluded from meta-analysis due to duplicate samples were not included in the 

narrative review as the sample was already represented within the reported meta-analyses. 

Results from individual meta-analyses are presented first, followed by narrative review of 

studies. A negative effect size demonstrated PT children performed worse than FT children 

across domains.   

 

 

 

 

 
14 Several terms have been referred to using acronyms where possible to avoid repetition of the same 
term throughout the text. To support the reader, they are as follows: Social cognitive domains have 
been referred to using the following acronyms: RJA = responding to joint attention, IJA = initiating 
joint attention and ToM = theory of mind, The groups of interest in this review have continued to be 
referred to as follows: PT = preterm and FT = full-term.  
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Figure 2 

Figure showing Preferred Reporting Items for Systematic Reviews and Meta-Analysis 

(PRISMA) flowchart. 
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Meta-Analysis Results  

 For each meta-analyses, QQ plots for both fixed effects and random effects models are 

presented in Appendix 2. Important descriptors of included studies within each meta-analyses 

are summarised in Table 8. For all meta-analyses further exploration of the impact of study 

level covariates upon differences between PT and FT children across the different social 

cognitive domains was not possible due to insufficient data for subgroup analysis. The data 

reported across studies for variables such as age at assessment, gestational age, birthweight, 

and socio-economic status were reported inconsistently. For example, many studies did not 

report important information such as mean, standard deviation and range of these variables. 

This made the analysis of important participant characteristics impossible to explore 

statistically.   
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Social Preference 

 A total of three studies measuring social preference were included in the meta-analysis. 

This included 148 PT children and 118 FT children. The fixed effects model was used due to 

effects being consistent within a normal distribution on the QQ plot (see Appendix 2) and a 

low level of heterogeneity (Higgins I2=0%, tau2= 0.0, p= 0.54). The model suggested a weighted 

average SMD = -0.35 z= -2.84, p = <.01) and a 95% confidence interval of between -0.69 and 

-0.11. See Figure 3 for forest plot. Leave-one-out analysis and exploration impact of study 

quality were not conducted (as heterogeneity was <50% and <10% respectively). The funnel 

plot (see Appendix 3A) was examined for evidence of publication and small study bias. Visual 

inspection did not show any evidence of bias; however, conclusions are limited due to the small 

number of studies included. Egger’s test (Egger et al., 1997) was not appropriate due to <10 

studies.  

Figure 3 

Figure showing forest plot for social preference studies.  

 

 

 

 

 

 

 

 

Note – A negative value indicates preterm children demonstrated reduced social preference compared 

to full-term children.  
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Responding to Joint Attention - Gaze Following90 

 A total of nine studies measuring gaze following were included in the meta-analysis. 

This included 235 PT children and 246 FT children. The random effects model was chosen as 

substantial heterogeneity was indicated (Higgins I2=77.80%, tau2=0.30, p= <.01). The model 

suggested a weighted average SMD = -0.01, z= 0.13, p = 0.89 and a 95% confidence interval 

of between -0.44 and 0.38 See Figure 4 for forest plot. 

Figure 4 

Figure showing forest plot for responding to joint attention (gaze following) studies.  

 

 

 

 

 

 

 

Note – A negative value indicates preterm children demonstrated reduced gaze following abilities 

compared to full-term children.  

 Baujat scatterplot and the leave-one-out procedure were inspected (see Appendix 4A 

and Appendix 5A respectively). Imafuku et al. (2021) and Rowell (2015) appeared at the far-

right corner of the scatterplot indicating these studies may be exerting a substantial influence 

on the overall analysis and might be discrepant from the rest of the literature. The leave-one-

out analysis did not result in a significant reduction in overall heterogeneity when omitted 

(Higgins I2=76.60%. when omitting Imafuku et al., 2021; Higgins I2=77.60% when omitting 

 
90Throughout the results section only, responding to joint attention (gaze following) will be referred to 
as gaze following. 
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model suggested a weighted average SMD = -0.05, z= -2.95, p = <.01) and a 95% confidence 

interval of between -0.89 and -0.18. See Figure 5 for forest plot. Baujat scatterplot and the 

leave-one-out procedure were inspected (see Appendix 4B and 5B respectively), whereby 

Speretto (2015) appeared at the far-right corner of the scatterplot indicating this study may be 

exerting a substantial influence on the overall analysis and might be discrepant from the rest of 

the literature. The leave-one-out analysis did not result in a significant reduction in overall 

heterogeneity when omitting this study (a reduction in Higgins to I2=73.4%). Consistent with 

visual inspection of the funnel plot in Figure 5, Speretto (2015) did not appear to be notably 

inconsistent with the rest of the literature. 

Figure 5 

Figure showing forest plot for studies measuring responding to joint attention (gaze and point).  

 

 

 

 

 

 

 

 

Note – A negative value indicates preterm children demonstrated reduced responding to joint attention 

(gaze and point) behaviours compared to full-term children.  

 As Higgins I2  >10% a series of meta regression analysis were conducted for each of 

the eight areas of study quality shown in Table 10. PT sample identification and blinding to 

group reached statistical significance suggesting these two quality domains were associated 

with changes in the effect size estimate of differences between PT and FT children’s RJA (gaze 
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suggested a weighted average SMD = -0.06, z= -0.34, p = 0.73 and a 95% confidence interval 

of between -0.38 and 0.27. Forest plot is presented in Figure 6. 

Figure 6 

Figure showing forest plot for studies measuring initiating joint attention.  

 

 

 

 

 

 

 

 

Note – A negative value indicates preterm children demonstrated reduced initiating joint attention 

behaviours compared to full-term children.  

Baujat scatterplot and the leave-one-out procedure (presented in Appendix 4C and 

Appendix 5C respectively) were inspected. Speretto (2015) appeared at the far-right corner of 

the scatterplot indicating this study may be exerting a substantial influence on the overall 

analysis and might be discrepant from the rest of the literature. The leave-one-out analysis did 

not result in a significant reduction in overall heterogeneity when omitted (a reduction in 

Higgins of I2=71.0%). Consistent with visual inspection of the forest plot in Figure 6, Speretto 

(2015) did not appear to be notably inconsistent with the rest of the literature.  

 As Higgins I2 >10% a series of meta regressions analysis were conducted for each of 

the eight types of study quality as shown in Table 11. FT sample identification reached 

statistical significance suggesting this quality domain was associated with changes in the effect 
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Statistical Bias  -0.09 0.14 -0.73 0.47 -0.37 0.17 
 

Note -Blinding and inter-rater reliability in included studies within this meta-analysis had the same quality 

scores and so estimates not computed during analysis.   

 Visual inspection of the funnel plot (presented in Appendix 3E) demonstrated 

approximate symmetry. Further inspection indicated that most of the studies fell in the area of 

non-statistical significance (white shading) rather than the areas of significance (red and orange 

shading), and the funnel appeared symmetrical. This was confirmed via the Eggers test (Egger 

et al., 1997) which revealed a non-significant effect (p=0.97) and thus no clear evidence of 

publication bias in the distribution of effect. 

Theory of Mind (ToM)93 

 A total of eleven studies measuring ToM were included in the meta-analysis. This 

included 397 PT children and 407 FT children.  

 Initial analysis including all studies identified no evidence of non-linearity, however 

there was suggestion of a possible outlier when examining QQ plots for both fixed and random 

effects model, which are presented in Appendix 6A. A substantial level of heterogeneity was 

observed (Higgin’s I2 = 77.2%, tau2 = 0.28, p= <.01) and examination of the Baujat scatterplot 

revealed a possible outlier (presented in Appendix 6B). The robustness of the results was 

therefore tested via outlier and sensitivity analysis by the leave-one-out method (presented in 

Appendix 6C), which revealed an influential study (Marleau et al., 2020), with heterogeneity 

reducing to Higgin’s I2 = 0.0%, tau2 = 0.01, p= <.01when this study was omitted. This study 

was re-examined to identify any risks of bias which might account for this discrepancy. 

Marleau et al.  (2020) measured cognitive ability finding significant differences between 

groups and so differences in ToM between PT and FT children cannot be reliability attributed 

to prematurity. This study also appeared different from the rest of the literature; in that it 

 
93 Theory of mind will be referred to using the acronym ToM from here onwards.  
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suggested a large difference in ToM between the groups as compared to other studies. There 

was therefore a clear rationale to exclude this outlier from the analysis. The distribution of 

primary study effects, after removal of Marleau et al. (2020) are presented in QQ plots in 

Appendix 2F. There was no evidence of non-linearity the distribution of the standardised mean 

difference within either the fixed effects model or the random effect model after this study as 

removed.  

After removal of identified outlier, the fixed effects model was used due to effects being 

consistent within a normal distribution on the QQ plot and a low level of heterogeneity (Higgins 

I2=0.00%, tau2 = 0.01, p = 0.57). The model suggested a weighted SMD = -0.42, z=-6.06, p= 

<.01and a 95% confidence interval of between -0.57 and -0.29. See Figure 8 for forest plot. As 

heterogeneity was <10% further exploration of the impact of study quality was not necessary.   

Figure 8 

Figure showing forest plot for studies measuring theory of mind.  

 

 

 

 

 

 

 

Note – A negative value indicates preterm children demonstrated reduced ToM compared to full-term 

children.  

Visual inspection of the funnel plot suggested some asymmetry in the distribution of 

effect (presented in Appendix 3F). Closer inspection demonstrated that most of the studies fell 

in the area of non-statistical significance (white shading) rather than the areas of significance 
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(red and orange shading), hence the funnel asymmetry was unlikely to be attributed to 

publication bias (Palmer et al., 2008).  Eggers test for a regression intercept (Egger et al., 1997) 

did however give a p value of p= <.01, indicating possible publication bias. The effect of 

publication bias was simulated using a trim-and-fill procedure (Duval & Tweedle, 2000). The 

trim-and-fill procedure yielded a corrected random effects model of effect = -0.33 (95% CI -

0.47 to -0.19). The corrected random effects model evidences an approximately -24.69% 

decrease relative to the uncorrected estimate. Rosenthal method was not required as the trim- 

and-fill procedure provided an appropriate correction.  This correction resulted in a reduction 

in the overall effect however this remained in the expected direction (i.e., PT children were still 

performing worse than FT children on measures of ToM). Figure 9 presents the funnel plot 

after trim-and-fill procedure.  

Figure 9 

Funnel plot of the standardised mean differences in theory of mind between preterm and full-

term children after trim-and-fill procedure. The 95% confidence interval of the expected 

distribution of differences in ToM is shown as an inverted “funnel”. 

 
 
Narrative Review 

 Studies measuring other aspects of social cognition were retained for narrative review. 

The small number of studies measuring multiple aspects of social cognition, with different 
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measurement methods did not allow for meta-analytic statistical methods. Studies measuring 

different aspects of joint attention (such as point and gaze behaviours separately) have also 

been summarised here. Due to the small number of studies measuring these behaviours in this 

way, it was not possible to combine for meta-analysis.  

Social Attention and Perception 

 Studies were categorised into five areas under the overarching domain named social 

attention and perception. This included social preference (meta-analytic results already 

described), face/eye preference (K=4), face recognition (K=2), imitation (K=2), biological 

motion perception (K=2). 

 Face Recognition. Perez-Roche et al. (2017) found PT children demonstrated poorer 

immediate face recognition but comparable face memory to FT children. After adjusting for 

birthweight, prematurity was no longer associated with differences in outcomes for both face 

recognition and face memory. Frie et al. (2016) found PT children demonstrated a different 

pattern of cortical face recognition process compared with FT children.  

  Imitation. Two studies measuring imitation in PT children as compared to FT children 

were included in the final list of papers. Haley et al. (2010) used a deferred imitation task (Barr 

et al., 1996) to evaluate social learning. They hypothesised that PT children would show less 

imitation behaviour than FT children but found no differences between groups. Linares (1986) 

developed an imitation battery containing four types of imitation. The social gestures category 

was used as a measure of social communication/imitation and found no significant differences 

between PT and FT children in imitation behaviours.  

 Face and Eye Preference. Sekigawa-Hosozawa et al. (2017) used dynamic social 

scenes with multi-dimensional scaling to depict the relationship between variables. PT children 

were classified into two groups, one which demonstrated a similar MDS plane to FT children 

and one which was most similar to autistic children included in the study. Face viewing 
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proportion time was higher for the FT and PT children with a similar MDS plane. In 

comparison, PT children with a similar MDS pattern to autistic children spent less time viewing 

faces in the videos used in the study. There were no significant differences between groups in 

proportion of time spent viewing faces. Yamamoto et al. (2020) found PT children spent 

significantly less time viewing the eyes of faces, and less time viewing facial stimuli generally 

compared to FT children. Pereira et al., (2017) found differences in preference for a natural or 

distorted face in the first few hours of life, with PT children demonstrating no preference 

between a natural or distorted face. FT children demonstrated a preference for natural faces 

over distorted faces.  

 Biological Motion Perception. Two papers measured biological motion perception 

defined as the ability to perceive and be sensitive to cues of biological/social motion 

(Johansson, 1973; Taylor et al., 2009) and these met criteria for inclusion in this study as per 

the definition of social cognition which has been given. Taylor et al. (2009) measured 

sensitivity to global form, global motion and biological motion and found PT children 

demonstrated reduced sensitivity for biological motion and global motion, but no impairment 

for global form when compared to FT children. Analysis did not identify any correlations 

between the three measures, however.  

 Williamson et al. (2015) tested whether children could perceptually group local motion 

cues to extract information related to body structure. The authors suggest these are higher order 

processes which are needed for action recognition and person identification. PT children found 

all tasks for biological motion perception more difficult than FT children. Additionally, the  

four different tests were not correlated with one another, which was also the case in Taylor et 

al. (2009).  
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Joint Attention 

 Responding to Joint Attention (Gaze and Point Behaviours). Rowell (2015) 

measured RJA (point behaviours) in isolation from gaze behaviours and found significant 

differences, with PT children underperforming compared to FT children. Table 6 shows 

information for Rowell (2015), in addition to statistical information for RJA (point behaviours) 

in isolation from gaze behaviours extracted from the study. Yamaoka and Takada (2016) 

created the joint attention observation scale (JAOS) and found no differences between PT and 

FT children in RJA when experimenters used gaze and pointing behaviours together. They 

found significant differences between groups, with preterm children underperforming, when 

only one “RJA clue” was given. PT children did not show as many RJA behaviours when 

experimenters used only eye orientation in attempts to establish joint attention.  

 Initiating Joint Attention. De Schuymer et al. (2011) and Rowell (2015) reported IJA 

point behaviours separately from gaze behaviours. Yamaoka and Takada (2016) measured IJA 

gaze behaviours in a way which was not possible to combine with other studies and so it was 

retained for narrative review. Rowell (2015) found PT children demonstrated more IJA gaze 

behaviours than FT children. However, PT children displayed fewer IJA point behaviours than 

FT children. De Schuymer et al. (2011) found PT children to demonstrate fewer IJA point and 

gaze behaviours compared to FT, but this did not reach statistical significance. Yamaoka and 

Takada (2016) found inconsistent results, with PT children underperforming in IJA gaze 

behaviours compared to FT children on some items in the JAOS and presenting with no 

differences on other items measuring the same construct.  

Social Reasoning & Empathy 

 A subset of papers were grouped together under the heading of social reasoning & 

empathy. These papers explore the processing of social cues and use of social knowledge (Beer 
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& Ochsner, 2006). Three studies measuring social reasoning and one study measuring empathy 

were included in the final list of papers.  

 Marotta et al. (2020) used a task which required children to understand and explain 

social situations as depicted in pictures and vignettes and to describe what occurs in each image 

and how the protagonist feels and why (Ferri et al., 2015; Grob et al., 2009; Marotta et al., 

2020). The groups did not differ significantly in their social reasoning abilities.  

 Lejeune et al. (2016) used a task which assessed children’s ability to judge, identify and 

reason about another’s behaviour in relation to conventional and moral rules (Barisnikov, 2005; 

Lejune et al., 2016). This task provided a global score and three subscale scores based on 

whether children could identify a situation as correct or not (Judgment score), identify what 

was correct or incorrect about a situation (identification score) and whether they can identify 

why a situation is correct/incorrect (social reasoning score). Overall, PT children scored 

significantly lower (with moderate effect size) on the global social reasoning score, suggesting 

increased difficulty in their understanding of socially appropriate behaviours than FT peers. 

Further analysis demonstrated PT children had difficulties in detection of the pertinent social 

cues in the task, typically used when making judgements about social situations (as described 

by their identification subscale score). These skills are important in identifying the social rule 

transgression (Lejune et al., 2016).  

 Williamson and Jakobson (2014) used the child and adolescent social perception 

measure - CASP (Magill-Evans et al., 1995). The emotion score of this measure has been 

included within the affect recognition meta-analysis in this paper. The CASP provides 

additional information of relevance here. A non-verbal cue score assesses a child’s ability to 

identify specific face, body, situational and voice cues which are often used when determining 

an individual’s emotional state (Williamson & Jakobson, 2014). After controlling for cognitive 

ability, PT children performed significantly worse in the identification of situation cues. 
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 Campbell et al. (2015) investigated empathic competence using the Kids Empathic 

Development scale – KEDS (Reid et al., 2013). This task is a measure of the cognitive, 

affective, and behavioural components of empathy. PT children performed sufficiently worse 

compared to FT children, even after controlling for cognitive ability.   

 All results presented here have been tabulated to provide a clear summary of results 

across all social cognitive domains. This is presented in Table 13.  Study-level effects for 

differences between PT and FT children on each social-cognitive domain where meta-

analysis was conducted are reported in Appendix 7. This information has been visually 

presented already throughout the results section in forest plots for each meta-analysis.  

 

 







Discussion 

This systematic review and meta-analysis aimed to investigate whether children born 

PT demonstrate differences in social cognition compared to their FT peers. It is important to 

discuss the results of each social cognitive domain separately to be able to comment on 

individual factors important within each analysis. However, as highlighted in the Introduction, 

the focus on one skill in isolation limits broader interpretations. Discussions have therefore 

been structured to offer individual commentary alongside a broader interpretation of results. 

Table 13 presents a summary of results that allows for direct comparison. 

 Early Social Attention.  

 The pooled effect size estimate of studies investigating social preference suggested PT 

children demonstrated decreased preference for social images compared to FT children, with a 

small effect size (Cohen, 1960), however a small number of studies was included in analysis 

(k=3). Two studies were longitudinal measuring social preference across multiple time points. 

When looking at the data across time, Dean et al. (2021) found PT children “catch up” with 

their full-term peers by the age of 5. Imafuku et al. (2021) showed differences remained 

consistent at six, 12 and 18 months of age. There are no studies investigating social preference 

between the age of 18 months to 5 years which limits our knowledge of the trajectory of 

differences in social preference. Longitudinal studies, employing multiple time points and 

robust paradigms are essential in developing a more comprehensive understanding of these 

initial differences. 

Attending to other aspects of our world which are also conceptualised as essential for 

social development include attention to eye/face preference (Perez-Roche et al., 2017). Very 

few studies explored this but overall, the narrative review indicated differences in attending to 

these social aspects (eyes/face), with PT children spending less time preferentially attending to 

eyes/faces in comparison to FT children. A reduction in preference to stimuli considered 
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important for social development such as face/eyes, alongside a reduction in preference for 

social stimuli when compared to non-social stimuli (Dean et al., 2021; Imafuku et al., 2017: 

Imafuku et al., 2021) is interesting and warrants further exploration. Methodologies used to 

explore social preference are particularly important to consider. Studies using static paradigms 

(as in Dean et al., 2021) may fail to represent real-life social stimuli thereby limiting 

conclusions, and perhaps mask underlying differences across different groups which may be 

present in real-life social situations (Risko et al., 2012).  

Joint Attention 

 Overall effect size estimates within each domain of joint attention suggested no 

differences between PT and FT children. There was however high variation across studies and 

wide confidence intervals suggesting unreliability or heterogeneity due to undetected 

differences between studies. This was demonstrated across meta-analyses measuring different 

joint attention behaviours. Within the gaze following meta-analysis, one study represented just 

under half of included samples (Pena et al., 2014), all of which suggested superior gaze-

following abilities in PT children compared to those born FT. It is important to highlight the 

identification of the PT sample in this study was rated as poor quality (see Table 6 for 

presentation of quality assessment rating). Meta-regression of quality ratings did not however 

indicate any change in estimates based on this aspect of quality. Given the over-representation 

of this sample in the analysis, it is important to hold this in mind, particularly as we cannot 

establish how representative this sample is of the PT population. 

 The pooled effect size estimate for RJA (gaze + point) indicated no evidence of a 

difference between PT and FT children. Interestingly, when gaze and point behaviours are 

combined the weighted average effect and confidence interval lies more in the expected 

direction - below zero (see Figure 5 presenting forest plot), and individual studies more 

consistently demonstrate fewer RJA behaviours in PT children compared to FT children. This 
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contrasts to the pattern seen in gaze-following alone (see Figure 4 presenting forest plot). Only 

one study measured point behaviours in isolation from gaze responding to joint attention 

behaviours (Rowell, 2015). Interestingly, Rowell (2015) found significant differences, with PT 

children underperforming in response to point behaviours compared to FT children, whilst PT 

children performed better at RJA (gaze behaviours) although this did not reach statistical 

significance.  

 The pooled effect size estimate for IJA (gaze + point/showing) indicated no difference 

between PT and FT children. There was high variation across studies with some indicating no 

differences in abilities and others indicating a reduction in abilities in PT children. Likewise, 

studies measuring IJA gaze and point/showing behaviours independently suggested PT 

children perform less point/showing behaviours than FT children.  

 Looking at the analyses of different aspects of joint attention behaviours together, the 

current analyses extends Mateus et al.’s, (2019) meta-analysis with the inclusion of additional 

studies and by measuring gaze-following in isolation from other behaviours associated with 

responding to joint attention. We revealed similar pooled effect size estimates and the same 

methodological limitations making further exploration of heterogeneity impossible. The 

measurement and reporting of different joint attention behaviours such as gaze and point/show 

are important to understand possible nuanced differences between PT and FT children. More 

work is required to better understand potential differences between separate components of 

joint attention behaviours and possible covariates such as gestational age and cognitive ability.   

Affect Recognition 

 The pooled effect size estimate for affect recognition indicated PT children showed 

lower affect recognition abilities compared to FT children. This difference approached a 

moderate level of effect (Cohen, 1960); however, this may not be a reliable estimate. Preterm 

children included in these studies were predominantly very preterm (28-<32 weeks GA), 
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however this must be considered alongside the inconsistences in the reporting of demographic 

data described. One study (Marotta et al., 2022) measured affect recognition in moderate to 

late preterm children in isolation from earlier GAs (34-<37 weeks GA). The forest plot (see 

Figure 7 for presentation of forest plot) suggests preterm children in Marotta et al. (2022) 

showed similar reductions in affect recognition as compared to FT children as those of PT 

children born at earlier GAs. The low heterogeneity suggests this body of studies reported a 

coherent and consistent effect size and therefore we can be more confident that children born 

at younger GAs demonstrate differences in affect recognition abilities compared to FT children.  

Theory of Mind (ToM) 

 The pooled effect size estimates of ToM indicated PT children showed a reduction in 

ToM abilities compared to their FT peers. This difference approached a moderate level of effect 

(Cohen. 1960). PT children included in these studies were all either extremely preterm (<28 

weeks GA) or very preterm (28-<32 weeks GA). Importantly the mean ages fell very close to 

28 weeks GA and therefore results here can only be extrapolated to younger GAs. The low 

heterogeneity across studies suggests consistency within the literature, therefore we can be 

more confident that children born at younger GA’s demonstrate differences in ToM compared 

to FT children.  Given the arguably more robust differences identified in ToM abilities, it is 

interesting that at age 5 Dean et al. (2021) observed no differences in social preference, yet 

differences in affect recognition and ToM were observed in the current meta-analyses. More 

work is required to better understand the role of social preference in the development of these 

later social cognitive skills. 

 For both affect recognition and ToM, despite the low heterogeneity, it is important to 

remain cautious. The differences found between PT and FT children may not be a reliable 

estimate of true differences attributed to prematurity as we were not able to test other 

moderators due to insufficient data.    
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Social Reasoning and Empathy 

 The limited number of studies measuring later social cognitive skills, such as social 

understanding and empathy make concrete conclusions about differences between PT and FT 

children difficult. The lack of studies identified measuring these social cognitive domains are 

likely impacted by the majority of studies including children of lower ages. Studies were 

generally suggestive of impairment of social reasoning abilities in PT children. Particularly 

interesting were the difficulties in detection of pertinent social cues in social reasoning tasks in 

PT children and also reduced biological motion perception compared to FT children. When 

these results are considered together, it is interesting that there is a suggestion of differences in 

PT children’s abilities to use certain cues in making sense of their social worlds. Given affect 

recognition and ToM abilities are shown to be impaired, further exploration of these later social 

cognitive skills may be warranted.  

Methodological Limitations  

Limitations of Included Studies  

 The quality of a meta-analysis is only as high as the quality of the studies it includes 

(Todorova et al., 2019). When analysing the impact of aspects of quality via meta-regressions, 

very few reached statistical significance across meta-analyses and therefore changes in the 

quality of a study did not appear to contribute enough to influence the results within each 

domain. This is interesting, however there are many possible explanations for this. The low 

statistical power of the analyses due to the relatively small number of papers included could 

explain this, therefore we must be cautious of interpreting null findings here. Additionally, it 

could also be that important aspects of methodological quality either were not covered in the 

quality framework tool developed for this study or the large amounts of variability found in 

results is related to something other than quality – such as the heterogeneity across gestational 

ages. This, alongside the poor measurement and reporting of important descriptors across 
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studies (such as cognitive ability, health status, GA, SES and ethnicity) is reasonable grounds 

for careful description and categorisation of PT and FT samples in future studies. Currently, 

the PT cohort to which these results can be extrapolated is not clear and the impact of different 

GA categories on the different domains of social cognition assessed cannot yet be clearly 

understood.  

  Broadly, tasks used to measure social cognition across domains were high quality with 

clear descriptions of tasks and the use of well validated and replicable paradigms. Despite this, 

variability across different measures of the same construct cannot be ruled out as having a 

probable impact on heterogeneity. In the ToM literature concerns about the reliability and 

validity of tasks and their utility in locating differences in high-risk samples such as those with 

cognitive impairment (Cashion, 2009; Jones et al., 2013) have been noted. One study (Marleau 

et al., 2020) was removed from the ToM analysis which found significant differences in 

cognitive ability in their sample and results appeared to be inconsistent with remaining studies 

in this social cognitive domain. Interestingly however, when Marleau et al. (2020) controlled 

for IQ, differences in ToM remained. The authors suggested that the more detailed battery of 

tasks used in this study may have allowed for more nuanced identification of differences. 

Therefore, methodology may also be important to consider, particularly to understand subtle 

differences across different social-cognitive skills.   

 Aim 3 of this meta-analytic review (to identify participant characteristics that may be 

associated with differences in social cognition in PT and FT children) was not possible to meet. 

The lack of exploration of moderators due to insufficient data is problematic and limits our 

understanding of the influence of other important variables which may account for social 

cognitive differences outside of prematurity – such as cognitive ability, fine motor skills, age 

at assessment, ethnicity and socio-economic status to name a few.  
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 Despite these limitations, this meta-analysis has been the first to assemble research 

across multiple social cognitive domains to begin to quantify differences in social cognition 

between PT and FT children. This in-depth synthesis and analysis have enabled identification 

of key problems in this research area which will hopefully contribute to re-directing future 

studies exploring social cognition in PT children and adolescence.  

Limitation of Current Meta-Analysis 

 The current meta-analysis is subject to several limitations. Studies were categorised 

into social cognitive domains according to definition. Due to the broad range of methodologies 

used within each meta-analysis, we cannot be certain that they are indeed all measuring the 

same construct in the same way. This may be particularly important in studies measuring 

different aspects of joint attention behaviours. The high heterogeneity observed may suggest 

the meta-analytic results here are not useful in summarising differences between groups in a 

meaningful way. Additionally, the low quality of included studies may bias results and as such 

study inclusion may have benefited from a stricter criterion regarding study quality (Lee, 2019).   

 Certain aspects of the review process may also be subject to bias. The quality 

framework was devised for the analysis based on aspects of quality considered important by 

the research team. This may be problematic as it has not been tested against broader aspects of 

validity. The broadness of the search terms chosen for the literature search (predominantly 

social cognition) over the use of more specific terms may have had an impact on the 

identification of all relevant studies measuring constructs of interest. The diverse range of 

definitions and terms related to social cognition alone (Rose-Krasnor, 1997; Rubin et al., 1995; 

Yeates et al., 2007), may provide argument for the inclusion of additional, more specific search 

terms for different aspects of social cognition. However, the use of more discrete search terms 

could perhaps risk excluding relevant papers, whereas the broader approach chosen may work 

to be over-inclusive. Given the large number of papers the current search returned, in addition 
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to the selected terms being guided by those used by similar reviews in the area, there is a strong 

argument for the search strategy employed here. Additionally, only one reviewer undertook 

searches which may have introduced bias into the process of study selection.  

 Despite these limitations, this meta-analysis has been the first to assemble research 

across multiple social cognitive domains to begin to quantify differences in social cognition 

between PT and FT children. This in-depth synthesis and analysis has enabled identification of 

key problems in this research area which will hopefully contribute to re-directing future studies 

exploring social cognition in PT children and adolescence. 

Clinical Implications  

 Awareness of prematurity as a risk factor for social cognitive differences has important 

clinical implications. Early identification and intervention are essential in the treatment and 

prognosis of children with social difficulties (Clark et al., 2017; Fuller & Kaiser, 2019; Luu et 

al., 2020). ToM is suggested to be correlated with real-life social skills (Frith et al., 1994, 

Fletcher-Watson et al., 2014) and early intervention for PT children with difficulties in this 

area may lessen the social and communication difficulties which often accompany this and 

have a positive impact on future development (Fletcher-Watson et al., 2014; Luu et al., 2020). 

Increased monitoring/assessment of early social cognitive skills important for social 

development in children born prematurely is suggested given the differences identified in affect 

recognition and ToM abilities.  

 Clinical implications with regards to intervention for those with difficulties in affect 

recognition and ToM need to be considered in context. Meta-analysis has shown interventions 

targeting ToM and other related skills such as emotion recognition and joint attention 

behaviours demonstrate positive effects in autistic children (Fletcher-Watson et al., 2014). 

However, current evidence is poor with regards to the ability of available interventions to 
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maintain improvements over time and generalize to other settings (fletcher-Watson et al., 

2014).  

 Another important clinical implication of possible social cognitive differences 

associated with prematurity, relates to autism assessment and screening. The suggestion of a 

unique prematurity-based phenotype of autism (Johnson & Marlow, 2011) may indicate that 

social cognitive differences in PT children as compared to FT children are more subtle and 

nuanced, which may not be picked up at a standardised developmental assessment. This meta-

analysis supports characterisation of possible subtle social cognitive differences, the 

identification of which may support tailored interventions. Alongside the relatively new 

guidelines on follow-up for premature birth (NICE, 2017), this work may provide further 

evidence to support the importance of enhanced follow up for children born prematurely.  

Future Directions  

 Results here suggest important differences is social cognitive skills such as affect 

recognition and ToM in children born at earlier gestational ages. This is important as these 

differences may result in challenges in social functioning and in the development of social 

competence. The inconclusive evidence found in earlier social cognitive skills means we know 

very little about the development and trajectory of these foundational skills which are important 

for later developing skills such as affect recognition and ToM. Many questions remain 

unanswered such as whether there is a maturational delay of these skills? Do these differences 

level out over time? or do differences emerge later in development? 

 Future studies in this field must acknowledge the crucial limitations described here. To 

drive knowledge forward about differences in social cognition between PT and FT children, 

three research recommendations are suggested: 

1. Well defined and reported key demographics of both PT and FT children will allow for 

analysis of important factors which may influence the relationship between prematurity 
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and social cognitive differences.  Crucially, clearly defined gestational age ranges in 

line with categories widely reported in addition to measuring and reporting of cognitive 

ability, ethnicity, and socio-economic status.  

2. Emerging studies to focus on well-defined earlier social cognitive skills to understand 

trajectories to later social cognitive skill development and nuances in development of 

skills which may contribute to discrete divergent trajectories of development.  

3. Longitudinal studies spanning early infancy to later adolescence are crucial to better 

understand nuances in PT developmental trajectories.  

Conclusions: Social Cognition and Prematurity  

 The most compelling evidence here is that affect recognition and ToM abilities may be 

impaired in children born at younger GAs. However, we must be cautious with conclusions 

directly attributing these differences to prematurity alone, without additional research. ToM 

plays a critical role in the development of social competence (Becht et al., 2021; Blakemore & 

Mills, 2014; Burnett et al., 2011; Fu et al., 2022) and is a skill which relies on earlier social 

cognitive skills and continues to develop across adolescence. Montagna and Norsarti (2016) 

describe the developmental cascades model from PT birth to neural alterations in the social 

brain network which then go on to influence social cognitive functioning (Fu et al., 2022). The 

substantial variability across studies measuring earlier social cognitive skills evidenced here 

demonstrates how current research tells us very little about the developmental trajectory of 

social cognitive skills in PT children. Crucially, older preterm gestational ages are largely 

neglected in the literature, however, methodological limitations across studies also limit 

knowledge of earlier social cognitive skills in those born at earlier gestational ages as well.  
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Abstract 

OBJECTIVES: Part one of this pilot and feasibility study investigated associations between 

implicit and explicit measures of social cognition and part two investigated differences in social 

cognition between moderate-to-late preterm and full-term children aged 18 to 36 months. The 

aim of part one and part two was to estimate the effect size of the correlation between measures 

and the magnitude of differences between groups respectively.   

METHOD: Implicit social cognition was measured using eye tracking technology using two 

well-validated preferential looking paradigms. Explicit social cognition was measured using 

the Early Social Cognition Scale, a battery of well-validated tasks measuring skills considered 

important precursors to later developing theory of mind abilities. Children also completed the 

Mullen Scales of Early Learning as broad measure of cognitive ability.    

RESULTS: Results from this pilot study suggest preliminary evidence of large correlations 

between implicit and explicit social cognition are unlikely when measured cross-sectionally 

and important differences may exist in social preference between moderate-to-late preterm 

children and full-term children. 

CONCLUSIONS: Strong correlations between implicit and explicit measures of social 

cognition may be unlikely, therefore, given the large, estimated sample size required for a fully 

powered study, further studies exploring associations between implicit and explicit measures 

cross-sectionally may not be feasible/ useful. Exploring differences in social preference 

between moderate-to-late preterm and full-term children may be beneficial, given that 

estimated sample sizes for a fully powered study are likely feasible.  
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Introduction 

The capacity to preferentially attend to social aspects of our world (referred to as social 

preference from here onwards) plays a key role in social development (Pavlova, 2012; Sifre et 

al., 2018). The social motivation hypothesis (Chevalier et al., 2012; Dawson, 2008; Kohls et 

al., 2012) suggests that reduced preference to social content may place a child on an alternative 

developmental pathway (Fletcher-Watson & Happe, 2019) and be an early marker for divergent 

social cognition (Dean et al., 2021; Gogate, 2020; Imafuku et al., 2019). This has been 

demonstrated in autistic children, in whom reduced social preference is a key feature (Wen et 

al., 2021). Therefore, a reduced motivation towards social stimuli may be a key mechanism 

which explains the social and communication characteristics associated with an autism 

diagnosis (Bradshaw et al., 2022; Uljarevic et al., 2021) and other divergent developmental 

outcomes. Bradshaw et al. (2022) suggest these early, more subtle differences in social 

attention may have a cascading effect on social development and so, social preference and how 

it is associated with earlier social cognitive skills may be important to investigate further to 

understand the mechanisms underpinning divergent neurodevelopmental outcomes.   

Eye tracking instruments are an objective way of exploring what an individual 

selectively pays attention to (Deubel & Schneider, 1996; Ernst & Paulus, 2005; Wolf & Ueda, 

2021) and many social attention paradigms are available. Such methodologies assume that 

longer gaze duration to social stimuli is indicative of increased interest/positive value over non-

social stimuli (Dubey et al., 2022; Myowa-Yamakoshi et al., 2003 Shimojo et al., 2003; 

Shimojo et al., 2010). Advancements in eye tracking technology have increased the feasibility 

of exploring gaze behaviours with younger children (Hessles & Hooge, 2019) and allow for 

research of attentional preferences without the need for language or more advanced 

development required in many direct observational methods (Eckstein et al., 2017).  
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Whilst direct observational methods of social cognition are reliable when conducted by 

trained individuals (Hintze & Matthews, 2004), such methodologies are time consuming, 

resource intensive and can be confounded by many factors such as experimenter bias (Dubey 

et al., 2022). As such, the analysis of gaze behaviours can be complimentary to these 

approaches and can offer important information related to social development without reliance 

on verbal and intellectual development and experimenter skill.   

Implicit and Explicit Social Cognition 

Quantifying social preference alongside other behaviours considered important in 

social cognitive development can offer insights about how nuanced and earlier attentional 

preferences might be associated with development. Research investigating associations 

between implicit and explicit measurement of theory of mind (ToM from here onwards) has 

suggested performance between implicit and explicit tasks is strongly correlated (Oktay-Gur 

et al., 2018). As such, children (aged 3 to 6 years) who perform well in implicit ToM tasks 

perform equally as well in explicit ToM tasks. However, our understanding of how social 

preference is associated with performance on measures of early social cognitive skills (such as 

precursors to ToM) is limited. Studies exploring this relationship have found reduced social 

preference to be associated with reduced joint attention behaviours (Bacon et al., 2020; 

Schietecatte et al., 2012;), reduced social interaction behaviours (Rijn et al., 2018) and 

increased difficulties in social skills (Pierce et al., 2016). There are inconsistences in these 

findings however, with correlations only apparent across some social cognitive skills and not 

others (Schietecatte et al., 2012). Most studies of these earlier social cognitive skills have 

focussed on atypical samples (such as autistic children), without a typically developing 

comparison group (Bacon et al., 2020; Schietecatte et al., 2012). Further, eye tracking 

methodologies measuring social preference are mostly unvalidated and social outcomes are 

often measured via non-experimental methods such as parent-report (Dubey et al., 2022; Falck-
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ytter et al., 2010; Jones et al., 2008; Klin et al., 2007; Rijn et al., 2018; Speer et al., 2007). 

Investigating this further with well validated measures is important to better understand how 

these methods of measurement are associated and possible mechanisms underlying unique 

developmental pathways.  

Prematurity  

Children born prematurely are more likely to experience divergent social development 

(Dean et al., 2021; Montagna & Nosarti, 2106; Zymj et al., 2017). Preterm birth, defined by 

the World Health Organisation (WHO, 1977) as birth occurring before 37 weeks gestational 

age (GA from here onwards) affects approximately 11% of births worldwide (Blencowe et al., 

2012; Vogel et al., 2018) and is increasing in prevalence in higher income countries (Blencowe 

et al., 2012). Research has indicted a range of outcomes across development in comparison to 

children born full-term (FT from here onwards) which includes differences in social 

development (Johnson & Marlow, 2017). Of relevance here are increased rates of autism 

(Agarwal et al., 2018; Fenoglio et al., 2018; Guo et al., 2022; Johnson et al., 2010; Laverty et 

al., 2021; Singh et al., 2013) and attention deficit hyperactivity disorder – ADHD (Bhutta et 

al., 2002; Johnson et al, 2010; Norsarti et al., 2012; Treyvaud et al., 2013) which both include 

divergent social and communication features in diagnostic criteria. Unsurprising then, are 

findings of differences related to a broad range of social cognitive skills important for social 

development in preterm children, compared to FT peers (Arpi & Ferrari, 2013; Ritchie et al., 

2015; Zimj et al., 2017). Therefore, a better understanding of social preference and earlier 

social cognitive skills in children born prematurely is of particular clinical importance.  

Moderate to Late Prematurity  

Most preterm births occur moderate to late (32-37 weeks GA), representing 75% of 

births before 37 weeks’ GA (Boyle et al., 2015; Moser et al., 2007). Despite this, research 

investigating outcomes of children born prematurely has tended to focus on earlier GAs. 
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Research with those born moderately to late preterm (MLP from here onwards) suggests 

adverse developmental patterns comparable with those born at earlier GAs but at lower rates 

(Hornman et al., 2017), in addition to a distinct behavioural phenotype compared to FT peers. 

Such outcomes include poorer cognitive functioning (Gamarra-Oca et al., 2022; Morgan & 

Boyle., 2017), impaired language development (Johnson et al., 2018), increased general health 

problems (Boyle et al., 2012) and increased fine motor difficulties (Kerstiens et al., 2010). 

Furthermore, increased rates of neurodivergence, such as ADHD (De Jong et al., 2012) and an 

increase in sensory impairments and cerebral palsy (Tammela, 2022) are also reported to 

extend to this sub-category of prematurity. More recently, MLP children have been found to 

also be at increased risk for autism diagnosis when using diagnostic tools and clinical 

assessments compared to FT peers (Guo et al., 2022), the rate of which was found to be near 

comparable risk to those born <32weeks GA. Whilst these data are important to understand the 

risk profile of MLP children, diagnostic assessments in prevalence estimates are limited as they 

cannot identify sub-threshold differences in areas associated with autism such as social 

development, which may still result in divergent outcomes or clinical needs (Laverty et al., 

2021). Therefore, as differences in social development are a key feature of autism and ADHD 

and data suggests increased prevalence of such neurodivergence in MLP children, 

understanding early social development in this group is important.  

Social Development and Moderate to Late Prematurity 

The systematic review and meta-analysis described in Chapter One of this thesis 

included studies employing direct observational methods across all GAs. When pooled for 

meta-analysis, preterm children performed more poorly in comparison to FT children in early 

social attention, affect recognition and ToM (see pages 47-57 of Chapter One). Inconsistent 

findings were revealed in studies measuring different aspects of joint attention. Additionally 

other social cognitive skills, such as social reasoning and empathy, were not able to be pooled 
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for analysis. There were two crucial findings from this systematic review and meta-analysis. 

The measurement and reporting of social cognitive constructs used across studies was 

inconsistent and studies failed to investigate the MLP cohort in isolation from earlier gestations 

across multiple social cognitive domains. Therefore, results of these studies may be 

confounded with the medical heterogeneity evident in earlier GAs (Meldrum et al., 2013) and 

there is a clear scientific and clinical need to undertake robust assessments of well-defined 

early social abilities in MLP cohorts.  

Of the few studies of social cognition with a MLP focus, joint attention skills have been 

shown to be reduced when compared to FT children (Fenoglio, 2019; Gueron-Sela et al., 2015; 

Speretto 2015). The remaining studies focus on later social cognitive skills such as affect 

recognition (Longa et al., 2022; Marotta et al., 2019), with MLP demonstrating a reduced 

capacity as compared to FT children. Marotta et al., (2019) found the same MLP cohort to 

perform similarly on later skills, such as social understanding (Marotta et al., 2019). There are 

no studies exploring social attention, ToM, or earlier precursors to ToM outside of joint 

attention with MLP children. Thus, our knowledge of differences in social cognition in MLP 

children compared to FT children is largely unknown and this is therefore an area warranting 

further research. 

Problems with Current Research  

Understanding the limitations of current research exploring experimentally measured 

social development with preterm populations is important to guide future studies with MLP 

children. Whilst eye tracking has been suggested as an excellent method to explore social 

preference in children born preterm (Fletcher-Watson & Hampton, 2018), many of the 

limitations predominantly lie in chosen paradigms. Studies using static paradigms (Davis et al., 

2022; Dean et al., 2021; Telford et al., 2016; Zivan et al., 2021) may fail to represent real-life 

social stimuli thereby limiting conclusions, and perhaps mask underlying differences across 
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different groups which may be present in real-life social situations (Risko et al., 2012). An 

important example highlighting the latter is demonstrated in a study comparing typically 

developing adults with autistic adults. Speer et al. (2007) demonstrated that the typically 

developing group presented with a bias towards attending to eyes in dynamic social videos but 

found no difference between groups when only static social images were used (Speer et al., 

2007). This highlights the importance of the choice of paradigm when investigating social 

preference. Different images and modes of presentation may be measuring different 

phenomena and different mechanisms may underlie the preference for social stimuli across 

different paradigms.  

Other studies using more complex dynamic paradigms with children born prematurely 

such as the human geometric preference task (Sekigawa et al., 2017) and biological motion 

tasks (Williamson et al., 2015) arguably offer greater ecological validity however their use is 

more limited in available research with MLP children. As such, future research should utilise 

well validated eye-tracking paradigms alongside well-validated behavioural tasks of social 

cognition.  

Further problems with research in this area include a focus on the measurement of 

discrete domains of social cognition in isolation, which limits broader interpretations of social 

cognitive development. Zmyj et al. (2017) highlight the importance of investigating social 

cognition in more depth, outside of focusing on these discrete domains such as joint attention. 

This will support the development of a more nuanced picture of social strengths and 

weaknesses resulting from being born MLP. Exploration of earlier social cognitive skills is 

important to support with early identification of divergent development in MLP children. A 

focus on early social cognitive skills will also confer the opportunity to evaluate the 

developmental cascade model which suggests the importance of researching how observable 

features of difference emerge rather than when (Bradshaw et al., 2022).   
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The Early Social Cognition Scale 

A battery of early social cognitive tasks, taken from well-established social cognitive 

measures by Tomasello and colleagues (Ellis et al., 2020; Tomasello 2014; Wellman 2014) has 

recently been developed (Ellis et al., 2020). The early social cognitive scale (ESCogS hereon - 

Ellis et al., 2020) investigates early social cognitive skills in depth, beyond discrete skills such 

as joint attention, and allows for a better understanding of the mechanisms through which MLP 

children acquire these earlier skills. Use of the ESCogS also affords the opportunity to contrast 

performance by MLP children with GA-matched, FT peers. Research in these earlier social 

cognitive skills will contribute to understanding of long-term outcomes for MLP children and 

help with earlier identification of difference/divergence in development of these skills, the 

latter of which has been argued as essential to increase the benefit of suitable interventions 

(Boardman & Fletcher-Watson, 2017; Dean et al., 2021; Meredith, 2015). Such research may 

support the development of tailored interventions which directly match the behavioural profiles 

of MLP children. Thus far, no studies have explored the skills included in the ESCogS with 

infants born prematurely.  

Rationale 

In summary, early social preference is suggested to play a key role in social 

development; however, our understanding of how such preference is associated with 

performance on explicit measures of social cognition is limited by a focus on atypical 

development and poor measurement of related constructs. Understanding how measures of 

early social preference are associated with other measures of social cognition more broadly is 

important in order to better understand how visual attention impacts other aspects of social 

development. A group in which the investigation of social preference and early social cognitive 

skills might be of particular importance is those born MLP. Being born prematurely results in 

increased differences across multiple areas of development, including higher rates of autism, 
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of which social communication differences are a key feature. Research investigating sub-

threshold differences in social cognitive skills with MLP children has been neglected. A focus 

on exploration of social development, beyond the diagnostic taxonomy of autism, of those born 

within this GA is important. Particularly, a better understanding of the earlier development of 

social cognitive skills will have great clinical value in terms of earlier identification of possible 

divergent development in MLP children compared to those born FT. Given the growing 

number of preterm births and the greater proportion of MLP births, such a focus will support 

in identification of a potentially at-risk group which may require additional support and early 

intervention.  

The Current Study 

This study furthers research investigating social cognition in the following ways. Part 

one investigates how implicit measures of social preference (using eye-tracking methods) and 

explicit measures of social cognition (ESCogS) may be associated using well-validated 

paradigms for both constructs. Part two investigates performance in MLP children compared 

to FT children using well-validated paradigms which focus on these earlier social cognitive 

skills.  

Objectives and Hypotheses 

Part One  

1. To use a sample of children aged 18-36 months to estimate the effect size for the 

correlation between implicit measures of social cognition (preference for social 

content) and explicit measures of social cognition (as measured by the ESCogS). 

2. To use the obtained effect size (Spearman’s Rho) to determine the sample size needed 

for an appropriately powered future study to test the significance of this relationship.  
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It was hypothesised that scores on the ESCogS would be positively correlated with social 

preference scores. That is, children who pass more tasks on the ESCogS would also have 

higher percentage looking time to social images.  

Part Two  

1. To compare a small sample of MLP children with FT children aged 18-36 months 

(matched on adjusted age and cognitive ability) on implicit (social preference) and 

explicit (ESCogS) and measures of social cognition. 

2. To use obtained effect size (Cohen’s d) to determine sample size required for an 

appropriately powered future study to test significance of this relationship. 

3. To explore correlations between implicit (social preference) and explicit (ESCogS) and 

measures of social cognition between groups.  
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Methodology 

Ethical Approval  

Ethical approval was granted from the Science, Technology, Engineering and 

Mathematics Ethical Review Committee at the University of Birmingham (ERN_09-048AP9; 

See Appendix 1 for ethical approval). The data collected under this approval were part of a 

larger programme of work exploring social cognition in children born prematurely. The 

original protocol was amended to remove the Autism Diagnostic Observation Schedule – 

ADOS (Gotham et al., 2006) due to uncertainties post-pandemic with regards to re-

commencing infant testing. Removal of the ADOS allowed for the testing procedure to be 

reduced from two days to one day, conferring feasibility advantages for recruited families. 

Recruitment Strategy  

Participants were recruited by contacting local nurseries, play groups and sure start 

centres, introducing the research project to nursery staff, disseminating posters and advertising 

on social media platforms. The charity Bliss (an organisation for families of children born 

prematurely or sick) were approached for project support and the research was advertised 

through their platforms. Recruitment also occurred via the Richards lab and Birmingham Baby 

lab social media platforms.  

Participants 

 Participants were aged 18 to 36 months and included a MLP group (32+0/6 - 36+6/7 

weeks GA), and FT comparison group (37+0 - 41+6/7 weeks GA). The age of children born 

MLP was adjusted for GA and so MLP children in the study were eligible up to approximately 

37 months chronological age. Age correction is standard practice in children born prematurely 

and allows for comparisons to peers of the same developmental age, rather than chronological 

age (NICE, 2017). Children born post mature (born >42 weeks’ GA) were not eligible for the 

study as research suggests increased risk for divergent neurodevelopmental outcomes in this 
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population (Mackay et al., 2010; Moster et al., 2010; Rolschau et al., 2020; Yang et al., 2010). 

To be eligible for inclusion, children were required to have no siblings with idiopathic autism 

due to an increased likelihood of social-cognitive differences in siblings of autistic individuals 

(Pisula & Ziegart-Sadowska, 2015).  

Part One 

  Part one was a correlation analysis and so it was important for participants with 

complete data sets to be included. Of the 27 children who participated in the research, N=9 did 

not have complete data sets for both eye tracking paradigms and ESCogS. For one child, this 

was due to insufficient eye signal quality. For three participants, lack of data was a result of a 

technical failure of the eye tracking equipment. The remaining five children did not settle 

during the eye tracking task. This included intolerability of the eye tracking sticker and not 

wishing to sit on their parent’s lap and watch the video. The remaining 18 participants with 

both eye tracking data and ESCogS were included in part one data analysis. Five MLP children 

(37.5%) were excluded due to lack of eye tracking data in comparison to four FT children 

(21.1%).  

Part Two 

 Part two explored differences between MLP and FT children. Out of the 27 children 

who participant in the study, N=8 were MLP and N=19 were FT. MLP children were matched 

with eight FT children to explore differences between groups. The process for matching is 

described in data processing and statistical analysis (see pages 128-130 of the current chapter).  

 Table 1 details the participant and family characteristics of the MLP and FT samples. 

This table also presents information according to the different analyses conducted.  
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Materials  

Health and Background Questionnaire 

 This questionnaire was developed with input from Clinical Psychologists, 

Neonatologists and experts in the field of early developmental research to describe the family 

and birth characteristics of participants. Questions fell within three broad categories of maternal 

history, birth experience and socio-economic information. See Table 1 for information 

collected from families and Appendix 2 for the health and background and questionnaire.   

Modified Checklist for Autism in Toddlers-Revised with Follow Up (M-CHAT-R/F - Robins 

et al., 2009).  

 This widely used parental screening questionnaire screens children between the ages of 

16 and 30 months for early signs of autism spectrum disorder (ASD) (Robins & Fein, 2018) 

and was used in the present study to describe the sample and identify participants with possible 

autism via parental report. Scores range from 0-20 and can be categorized as low, medium, or 

high risk. Parent-report scores falling within the ‘medium risk’ to ‘high risk’ category (<2) 

were explored further using a set of follow-up questions as per MCHAT-R/F measure protocol. 

The MCHAT-R/F is reliable for preterm populations when administered in full (Kim et al., 

2016). See Appendix 3 for M-CHAT-R/F. 

 Play-Based Measures 

 Participants completed the early social cognition scale – ESCogS (Ellis et al., 2020) 

and the Mullen Scales of Early Learning – MSEL (Mullen, 1995). 

 ESCogS (Ellis et al., 2020; 2021).  The ESCogS is a scaled, play-based battery of tasks 

developed by Ellis et al. (2020; 2021) taken from well-established social cognitive measures 

developed by Tomasello and colleagues (Ellis et al., 2020; Tomasello 2014; Wellman 2014). 

These tests of early social cognition, considered precursors to ToM abilities, assess six skills 

falling into four broad areas (helping, understanding of cues - gaze and point behaviours, re-
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enactment of intended acts, cooperation). See Table 2 for a detailed summary of ESCogS tasks 

including typical age of acquisition. 

 Gutman scaling analysis conducted by Ellis et al. (2020;2021) indicated a co-efficient 

of reproducibility of 0.96, where a value >.90 indicated a reproducible scale (Ellis et al., 

2020;2021; Green, 1956). The Index of consistency for the co-efficient was 0.5. Green (1956) 

suggest a value of >.50 indicates a co-efficient of reproducibility above what we would expect 

by chance (Ellis et al., 2020;2021), suggesting the tasks included in the ESCogS represent a 

developmental sequence of skill acquisition. 
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Task 
(Skill  

measured) 

Original  
Task 

Author  

 
Description of the task  

 
Description of what is 
required to pass task 

Typical  
age of 

acquisition101 
The cooperation 
tasks. 
(Shared 
intentionality) 
 
 
 
 
 
 
 
 
 
Co-operation 
tubes  
 
 
 
 
 
 
 
 
Co-operation 
trampoline  

Warneken et 
al., (2006) 

This task involves two games which both assess a child’s ability to develop 
shared intentionality to achieve a joint goal with the experimenter. Both games 
follow the same format: 

1. There is an initial ‘show’ phase whereby two experimenters 
demonstrate each game.  

2. This is followed by four experimental trials.  
3. Trial one and two involve familiarising the child with the game and 

playing with experimenter one 
4. Trails three and four involve E1 interrupting the game with a 15 

second pause in which the child’s response behaviours are of interest. 
E1 then re-engages with the child to complete the game.  

More detail on each game is described below: 
Co-operation tubes: This is a problem-solving task using a large cardboard 
tube with handles which can be pulled apart and a small toy to hide inside. 
Both experimenters play the game with the child watching. The cardboard tube 
is pulled apart, and the toy hidden inside. Both experimenters work together to 
pull the handles on each side to retrieve the toy. E1 then plays the game twice 
with the child. During experimental trials three & four, after working with the 
child to hide the toy in the tube, E1 drops the handle interrupting the game. E1 
waits 15 seconds and continues once this time has passed or the child re-
engages with the experimenter (indicating they understand the need to work 
with experimenter one to complete the game).  
Co-operation trampoline: This is a social game identical to the co-operation 
tubes game above with different equipment (a trampoline). A red foldable 
fabric trampoline and a small toy is placed in the centre. Two people are 
required to be able to bounce the toy on the trampoline. After following the 
same structure as above, E1 drops the trampoline (the toy cannot bounce – i.e 
the game cannot be achieved by one person). E1 waits 15 seconds and 
continues once this time has passed or the child re-engages with the 
experimenter (indicating they understand the need to work with E1 to complete 
the game). 

To pass this task, the child 
is required to achieve a 

joint goal with the 
experimenter and 

evidence an attempt to re-
engage with the 

experimenter in an 
interrupted joint activity. 

Co-ordination and 
engagement are both 

coded for the 15 second 
period of interruption. 

This is then scored against 
a predefined coding 

schema from ESCogS 
original protocol. A 
median score is then 

calculated across trials.  
A pass is coded if child 

re-engaged with 
experimenter at least once 

and their median 
cooperation score is three.  

24 

Note – E1=Experimenter one; E2=Experimenter two.  
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 Ellis et al. (2020) details the developmental sequence in which typically developing 

children acquire these early social cognitive skills, of which, 88% of participants conformed to 

a four-stage scalable pattern. The scale demonstrated a co-efficient of reproducibility of 0.96 

and index of consistency 0.5. Figure 1 depicts the four-stage cumulative scale, where tasks are 

ordered by level of difficulty. Ellis et al. (2020) additionally provide normative data for 

ESCogS for a sample of autistic children.  

 All tasks were administered as described in Ellis et al. (2020) original protocol104. Each 

task was scored as either pass or fail and total scores range from 0 to 6.  

Figure 1 

Figure showing the four-stage scale of early social cognitive skills from Ellis et al. (2020) – 

open access journal with permission to use with citation.  

 
 

 Mullen Scales of Early Learning - MSEL (Mullen, 1995). The MSEL is an 

individually administered, norm-referenced measure of cognitive functioning for children from 

birth to 68 months (Mullen, 1995). Four of the five Mullen scales were administered (visual 

 
104 Minor discrepancies were noted in the supplementary material from Ellis et al. (2021), the original 
footage from development of the scale available at the Richards lab and the scoring sheet for the 
ESCogS provided by Ellis et al. (2020). The original studies in which the tasks were developed were 
consulted, in addition to contact with the developer of the ESCogS for clarification. The discrepancies 
were predominately related to the roles of experimenter one and experimenter two and not what the 
tasks were measuring, A summary of these minor discrepancies is available in Appendix 4.   
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reception, fine motor, receptive language and expressive language) in order to compute 

individual subscale scores and the early learning composite (a summative measure of children’s 

age equivalent abilities) as described in Mullen (1995). The gross motor scale was not 

administered due to the large number of tasks children were asked to complete and to prevent 

fatigue. The gross motor scale is not required for computation of the composite score.  

Social Preference Measures 

 Participants completed two brief eye tracking tasks, both preferential looking 

paradigms using the EyeLink Portable Duo, TOBII T120 eye tracker (SR Research LTD) 

apparatus. All stimuli in the study, as described below, were programmed and run with 

Experiment Builder (Software licence from SR Research) and were presented on a 17” screen. 

The apparatus measures fixations and number of saccades in response to the visual stimulus 

presented. Areas of interest (AOI’s) were presented side by side and described in further detail 

below.  

 The complex Geometric Preference Task - GeoPref (Pierce et al., 2011). This task 

is a 1-minute video clip depicting a dynamic social image (DSI), children engaging in dynamic 

yoga movements, and a dynamic geometric image (DGI), dynamic screen saver recordings. 

The DSI and DGI were presented side by side. To control for any preference mediated by 

spatial location, the side of presentation of DGI and DSI scenes were split with 50% of both 

MLP and FT groups shown a video with DSI on the left, as per recommendations by paradigm 

developers (Peirce et al., 2011). See Figure 2 for GeoPref stimuli. The stimuli in this task have 

demonstrated good discriminative validity in a range of studies between autistic and non-

autistic samples (Moore et al., 2018; Pierce et al., 2011; Pierce et al., 2016). More recently, a 

large-scale validation study demonstrated excellent specificity in detecting autistic indidivuals 

from non-autistic indidivuals based on higher levels of visual attention towards geometric 
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images (Wen et al., 2022). Permission for use was requested and a contractual agreement was 

in place with the creator of the stimuli for use in this study. See Appendix 5 for agreement.   

Figure 2 

Figure depicting Geometric Preference task stimuli from Pierce et al. (2011) – permission to 

use as per contractual agreement.  

 

Biological motion preference task -BioMotion. This task was developed by Annaz et 

al. (2012) using point-light display stimuli developed by Johansson (1973). The stimuli are 

presented side by side and include three stimuli depicting a biological motion walker, 

scrambled display, and a spinning top. On each trial a fixation cross appeared at the centre of 

the screen for 2 seconds (s). After the fixation cross disappeared, a pair of stimuli were 

displayed side by side for 6s. There were nine trials with biological/phased walker (referred to 

as condition one - C1 hereon) and nine trails with biological/spinning top (referred to as 

condition two – C2 hereon). See Figure 3 for stimuli. The location of the biological/non-

biological motion stimulus on each trial was randomized to control for any preference mediated 

by spatial location as per recommendations by Annaz et al. (2012). The stimuli in this task have 

demonstrated good discriminative validity between a range of studies with autistic and non-
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autistic samples (Mason et al., 2021). Permission for use was requested and granted for use in 

this study by task developers. See Appendix 6 for agreement.  

Figure 3 

Figure depicting stimuli biological motion task (condition one and condition two) from Annaz 

et al. (2012)- permission to use as per contractual agreement.  

(d) Biological motion walker (biological stimulus present across C1 and C2) 

(e) Scrambled (C1) 

(f) Spinning top (C2) 

 

Procedure  

 Parents and their child were invited into the University of Birmingham Baby Lab for  

2–3 hours. Upon giving consent, parents completed questionnaires whilst children completed 

the play-based tasks. Assessments were completed by researchers trained in the administration 

and scoring of tasks. At the end of assessment, children were provided with a small gift 

(typically a book, certificate, and Baby Lab T shirt). Parents were given a debrief form 

including researcher contact information and an individualised feedback report detailing 

performance on play-based tasks was posted to families.  

 For a subset of participants (N=14) whose data were collected as part of the larger study, 

of which this project was a part, assessments took place over two days. The ESCogS was the 

first task completed on day two of the original protocol.  
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Play-Based Measures 

All assessments were video recorded to allow for further analysis if required. All 

assessments were completed in the same laboratory setting. Prior to administration, 

experimenters played with each child for 10-15 minutes with a standardised set of toys, to 

ensure they felt comfortable with the research setting. Children completed the ESCogS (Ellis, 

2020; 2021) first, so the social cognition task was delivered without extensive social ‘warm-

up’. In line with the authors’ guidance on administration, participants completed the tasks in 

one of six potential orders (see Appendix 7 for the possible administration orders). The ESCogS 

requires two experimenters to complete included tasks.  A third researcher was present in the 

room for the purposes of video recording. A description of the ESCogS tasks is presented in 

Table 2. 

Infants completed the MSEL (Mullen, 1995) second, with all tasks being administered 

in the standardised way as per testing manual, ensuring basal and ceiling scores were reached 

for each subscale. Breaks were taken between tasks when the child/caregiver indicated this 

was required.  

Eye Tracking Procedure 

The eye tracking procedure occurred in a separate dimly lit room, with the necessary 

equipment set-up prior to the start of the experiment.  The tracker was set to sample at a rate 

of 2000 Hz. To maximise eye tracking data quality there were two critical environmental 

factors as per recommendations from SR Research LTD. These included the child’s distance 

from the monitor and head level to eye tracking camera. Children were seated approximately 

30cm from a 19 LED monitor (screen resolution 1280 x 1024) and children’s eyes were 

positioned in the upper quarter of the monitor to optimise the trackable range of the eye tracker 

camera.   
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Children were required to wear a target sticker in the middle of their forehead with an 

approximately equal distance between the eyes. The target sticker allows for the eye tracking 

camera to track both eyes of the child without restricting movement. Prior to placing the sticker 

on the child’s head, the procedure was shared with parents to consider the best way to place 

the sticker on the child’s forehead with minimal distress. Children were seated on their parent’s 

lap and a number of steps were required to maximise data quality.  

Pupil and Corneal Reflection (CR) Threshold Values 

Appropriate pupil-CR thresholds were essential for image processing algorithms to 

function correctly to produce good quality data. Reasonable optimal thresholds were obtained 

from those recommended by SR Research LTD platform and were obtained prior to calibration. 

To obtain appropriate pupil-CR thresholds, the display screen visible to the child was set up to 

allow the child to see their own face and eyes whilst the experimenter adjusted the equipment 

to the obtain the necessary thresholds. To complete this task, the child must be looking at the 

camera, and the child being able to see their face on screen, as well as their caregiver optimised 

interest to the screen.   

Calibration, Validation, and Drift Correction Procedures.  

To maximise the accuracy and precision of the eye tracking data, data were not recorded 

until a five-point calibration validation procedure had been repeated and average accuracies 

across the five positions on the screen was less than half a degree. Calibration targets involved 

moving circles to capture child’s attention; stimuli were sourced from SR Research LTD. See 

Figure 4 for image of calibration stimuli. To engage the child with the calibration targets, the 

experimenter would verbally direct the child to look at the image on the screen and encouraged 

them to look at where the image was moving on the screen.  

After calibration, a validation check was performed to ensure the accuracy of the 

calibration. This involved one target presented in the centre of the screen. When both of the 



 131 
 

child’s eyes were looking at the target, the validation check was complete. As calibration is 

only a point in time accuracy check, drift correction procedures were automated between trial 

recordings to check collected data remained spatially accurate throughout recordings. Drift 

correction therefore was automated at the beginning and end of the GeoPref task and then 

between trial recordings for the BioMotion task (C1 and C2). There were 9 trials for C1 and 9 

trails for C2. Drift correction involved a target presented at the centre of the screen. After each 

trial the drift correction procedures automatically requested for the experimenter to check the 

positioning of the child’s eyes. The next trail would start only when both of the child’s eyes 

were looking at the target. The experimenter pressed the button to confirm to the eye tracking 

computer the spatial location of the child’s right and left eyes. 

The two social viewing tasks were presented to children with the GeoPref task first and 

BioMotion task second (C1 followed by C2). Figure 5 depicts the visual order of administration 

of tasks. When children were no longer engaging with the screen, became agitated, or indicated 

they no longer wanted to watch the video, the experiment was ended and viewing data up until 

that point was recorded by Data Viewer. Therefore, data was only recorded for trials the child 

watched. As the BioMotion task was presented second, not all children watched all trials for 

C1 and C2.  

Figure 4 

Figure depicting infant calibration image from SR Research LTD – Image open access through 

SR Research LTD.  
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Figure 5 

Figure depicting order of presentation of eye tracking stimuli. 

 

Data Processing and Statistical Analysis  

 Data analysis was separated into two parts with different aims. Data processing (eye 

tracking tasks) and exploratory analysis (ESCogS) were completed for part one/two as 

described below.  

Social Preference 

  Eye tracking data were processed and exported using EyeLink Data Viewer software 

package (SR Research Ltd., version 4.3.210). SPSS software version 29 (SPSS Inc, 2013) was 

used to perform statistical analyses. During data processing, areas of interest (AOI) were coded 

for social and non-social images for each task. Dwell time for each AOI in milliseconds was 

tabulated for each participant. Dwell time includes all fixations and saccades within each AOI 

and is an excellent metric to convey level of interest (Albert & Tullis, 2023). For eye tracking 

paradigms which involve multiple trials (as is the case for BioMotion tasks in this study), Data 

Viewer calculates dwell time for each AOI divided by the number of trials using each interest 

area. Dwell time for each AOI was then divided by the total dwell time for both AOI’s to derive 

proportion of time spent on each AOI (i.e.  % social, % non-social). This was important to not 

include time the child spent looking away from both AOIs and therefore a more accurate 

representation of preferential looking at social and non-social images.   
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ESCogS Data 

Preliminary analysis was conducted on the ESCogS as per Ellis et al. (2020) protocol 

for all participants. Three tasks in the battery (helping and communication point and gaze 

tasks) involve both control and experimental conditions. Ellis et al. (2020) analysed these 

separately to inspect whether behaviours were a result of correct interpretation of intention 

instead of a reinstatement of the original situation (helping task) or due to low level attentional 

cues (communication tasks). Refer to Table 2 for ESCogS task descriptions. In line with Ellis 

et al., (2020) scoring protocol, for the helping task, performance was explored by looking at 

the percentage of children who passed the experimental condition, that also passed the control 

condition. For the communication tasks, performance was explored using Pearson chi-square 

tests. Assumptions of this test require expected frequencies to be greater than five to rely on 

significance values (Field, 2017; Howell, 2012) which is not the case here. Due to this, Fisher’s 

exact test was therefore used to compute significance (Field, 2013). A nonsignificant result 

here would mean children who passed communication trials, did so because they were correctly 

interpreting the experimenters’ communicative cues and not simply attending to low level 

attentional cues. This preliminary analysis was not conducted for part two data analysis due to 

small sample size for the test to be computed meaningfully.   

 For the ESCogS, total scores were calculated by scoring each individual task using the 

pass/fail criteria outlined in Ellis et al. (2020) protocol. Performance comparison of all 

participants who completed the ESCogS was compared against the four-stage cumulative scale 

described in Ellis et al. (2020) sample of typically developing children. This was explored via 

group scaling conducted in Excel whereby tasks were placed in hierarchical order (according 

to the scale described by Ellis et al., 2020), and performance for each participant was mapped 

onto this to identify those participants who conform to the scale and those who present with 

different patterns of performance. 
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Part One Data Analysis Plan 

 A correlation matrix was used to describe associations between each social preference 

task (GeoPref, BioMotion – C1 and C2) and performance on the ESCogS (total scores, range 

0-6). The ESCogS is a criterion-referenced measure whereby scores are not normally 

distributed and therefore non-parametric methods were used for statistical analysis. 

Spearman’s rho was used to calculate an estimate of the correlation between performance on 

each measure of social preference and ESCogS.   

Part Two Data Analysis Plan 

 Preliminary analysis and data processing for both social preference tasks and the 

ESCogS were performed as described above. MLP children were matched with FT children on 

corrected age first and then MSEL composite scores. Independent t-tests were then performed 

to explore differences between groups on these domains. Differences between other important 

demographics (such as ethnicity, socio-economic status and measures of health status) were 

also explored using t-tests and chi-square as appropriate. Test statistic values and p values are 

reported in Table 1.  

 Between group differences on ESCogS (total scores) were analysed with non-

parametric methods (rationale as described above). Kolmogorov-Smirnov test was used to 

calculate an estimate of the difference between groups. This test was used instead of Mann 

Whitney U because it has better power than the Mann Whitney when samples are less than 25 

per group (Field, 2013).  

 Between group differences on measures of social preference were analysed using 

independent samples t-tests. Cohen’s d was used to calculate the estimate of the difference 

between groups.  
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 Associations between social preference (implicit) and ESCogS (explicit) measures 

between MLP and FT groups were presented visually in scatterplots to explore the possible 

strength and direction of any relationships that might exist.  

 Across part one and two of the analysis, G*Power Version 3.1 (Erdfelder, Faul, & 

Buchner, 2005) was used to perform a power analysis to determine the sample size necessary 

for a full-scale study, given the effect size from the current sample. Where results indicated a 

correlation or difference in the unexpected direction power analyses were not conducted. 

Additionally, given the unreliability of statistics obtained from small samples, significance 

values have not been reported throughout (Hung et al., 2017). 
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GeoPref and ESCogS 

 A total of 18 participants viewed the GeoPref and completed the ESCogS. A Spearman 

correlation coefficient was computed to assess the relationship between percentage looking 

time to social images on the GeoPref and total score on the ESCogS. A positive correlation 

was hypothesised. Spearman’s rho yielded a very small negative correlation between social 

preference and ESCogS performance (rho= -.05), with a CI of -1.00 to 0.37. See Figure 6A for 

scatterplot. Expected associations were not observed, therefore power analysis was not 

conducted.   

BioMotion(C1) and ESCogS 

 A total of 16 participants viewed the BioMotion (C1) and completed the ESCogS. A 

Spearman correlation coefficient was computed to assess the relationship between percentage 

looking time to social images (biological motion) and total score on the ESCogS. A positive 

correlation was hypothesised. Spearman’s rho yielded a very small positive correlation between 

social preference and ESCogS performance (rho=.18), with a CI of -.28 to 1.00. See Figure 6B 

for scatterplot.  

 Power Analysis. Based on a one-tailed hypothesis, a sample size of 182 would yield 

80% power for detecting a correlation of ρ = .18. 

BioMotion (C2) and ESCogS 

 A total of 10 participants viewed the BioMotion (C2) and completed the ESCogS. A 

Spearman’s correlation coefficient was computed to assess the relationship between percentage 

looking time to social images (biological motion) and total score on the ESCogS. A positive 

correlation was hypothesised. Spearman’s rho yielded a very small negative correlation 

between social preference and ESCogS performance (rho= -.08), with a CI of -1.00 to 0.51 A 

scatter plot of individual children’s performance is shown in Figure 6C. Expected associations 

were not observed; therefore, power analysis was not conducted.   
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Figure 6: Figure showing scatterplot of social preference measures correlated with the Early 

Social Cognition Scale. 

A. Geometric Preference task and the Early Social Cognition Scale. 

  

 

 

 

 

 

 

 

B. Biological Motion task (condition one) and the Early Social Cognition Scale. 
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C. Biological Motion task (condition two) and the Early Social Cognition Scale.  
 

 

 

 

 

 

 

 

 

Part Two Results   

 Part Two aimed to describe differences between MLP and FT children on social 

preference and ESCogS and to conduct a power analysis to determine minimum sample size 

required to produce a valid significance test for a fully powered future study. Associations 

between implicit (social preference) and explicit (ESCogS) measures of social cognition 

between groups were also explored visually. 

 MLP and FT children were comparable based on adjusted age, t (14) = -.29, p = .77 and 

MCHAT scores, t (14) = .25, p = .81. Groups did however differ significantly on MSEL 

composite scores, with MLP children demonstrating lower scores compared to FT children, t 

(14) = 2.38, p = .03. MLP and FT children also differed significantly on gestational age as 

expected. Other characteristics indicating a significant difference were NICU stay and the use 

of ventilator after birth, both of which MLP children required increased use (See Table 1 for 

full demographic characteristics). 

ESCogS. 

 Pattern of Performance on ESCogS. To provide a comparison of ESCogS 

performance between MLP and FT children, group scaling in line with the difficulty/sequence 
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Discussion 

 Part one of this study investigated how implicit and explicit measures of social 

cognition may be associated and part two investigated differences in performance in MLP 

children compared to FT children on earlier social cognitive skills. Both studies were the first 

to explore associations and differences using the GeoPref, BioMotion and ESCogS. 

Preliminary Analysis (ESCogS) 

 Preliminary analysis of ESCogS helping task suggested a smaller proportion of children 

who passed the experimental condition also performed the target act in the control condition. 

Analysis of communication (point and gaze) tasks indicated that the control cues had not been 

sufficient to direct children’s attention to the location of the toy. Whilst we cannot be certain, 

analysis suggests that children understood the experimenter’s intention and their actions were 

indicative of helping behaviour and that children were using experimental cues to select the 

location of the toy.  

 The sample did not consistently conform to the same sequence of acquisition as 

described by Ellis et al., (2020), with only 55% performing in this pattern compared to 88% in 

the sample reported by Ellis et al. (2020). However, the number of children passing each task 

was broadly similar to that of Ellis et al.’s, (2020) typically developing sample. Given the 

unreliability that comes from small sample sizes, it is probable that the current results are 

impacted by this. Interestingly however, Ellis et al. (2020) reported a sample of autistic children 

(N=21) of which 90.48% conformed to the ESCogS scalable pattern of performance, with 

differences demonstrated in a delay of these skills but the same pattern of acquisition. In other 

work, Ellis et al. (2022) describe alternative developmental sequences for different syndrome 

groups, which may indicate that children who do not conform to this sequence may represent 

an atypical population. Given the age of children in this study, the possible impact of the covid 

pandemic on children’s social development may also be an important factor to consider.  Given 
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the size of our sample, it is not possible to draw conclusions about the mechanisms that led to 

the observed pattern of performance.   

 It might therefore be reasonable to consider the evidence for the ESCogS scale. The 

index of consistency is 0.5 which represents the cut off for a scalable pattern (Green, 1956). It 

is possible that the scale is unstable, particularly when observing the tasks in the middle of the 

scale. Alternative developmental sequences of the scale for the current sample were described 

in Table 5. Pattern numbers six and seven were relatively common and may suggest some 

ambiguity in the scalability of the middle tasks. This may indicate that the ESCogS is not as 

robust a scale in terms of sequence of acquisition and that the total ESCogS score may be a 

more reliable indicator of social cognitive skills in the current sample. There were only very 

small correlations suggested between ESCogS performance and the MSEL composite scores 

and corrected age. It is possible that an alternative latent variable may be impacting social 

cognitive development in this sample. Replication of the pattern obtained by Ellis et al. (2020) 

pattern of performance in a larger typically developing sample is required.  

Part One 

 This was the first study to explore the relationship between implicit and explicit 

measures of social cognition using well validated tasks. Whilst we must be cautious with pilot 

data, results here may suggest there is little evidence that a strong correlation exists between 

the implicit and explicit measures used in this study. In line with previous findings, our results 

show inconsistencies, with only one implicit task demonstrating a very small positive 

association with explicit social cognitive skills as hypothesised, and others demonstrating very 

small negative correlations (Bacon et al., 2020; Dubey et al., 2022; Rijn et al., 2018; 

Schietecatte et al., 2012). The lack of observed consistent associations is, however, interesting 

and important. Differences in early social preference are suggested to place a child on an 

alternative developmental trajectory, indicating that this may be a mechanism through which 
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other divergent social behaviours emerge. The pilot cross-sectional data presented here does 

not rule out the possibility of this theory. It might be that early social preference predicts later 

social cognition, but not cross-sectionally. Well powered, longitudinal studies will be essential 

to understand this better.   

 As part one suggested strong correlations between implicit and explicit measures of 

social cognition may be unlikely, scatterplots of associations between MLP and FT children on 

measures of implicit and explicit social measures were interesting. From visual inspection, 

social preference scores in the graph appear more strongly correlated with ESCogS scores 

compared to FT children. We must however be cautious with interpretations of the scatterplots 

presented and therefore cannot draw any conclusions from these descriptive statistics.  

Part Two 

 Part two investigated differences in implicit and explicit measures of social cognition 

in MLP and FT children with a small pilot sample. MLP children spent less time viewing social 

stimuli in both tasks both with medium effect sizes. Power analysis estimated a total sample of 

52 would be required for a full powered study for differences in GeoPref between groups and 

102 for BioMotion (C1), if the same effect sizes were maintained. There were no differences 

in ESCogS between groups.   

 There is no previous research investigating differences in social preference and ESCogS 

in MLP children, and as such, these pilot data make an important contribution to the literature. 

In children born prematurely at earlier GAs, Dean et al., (2020) found differences in social 

preference between preterm children and their FT peers, however these differences did not 

persist when the same children were tested again at the age of 5. Additionally, these findings 

are limited by the use of static eye tracking paradigms, which may lack ecological validity 

(Dean et al., 2020). The results in the present study, drawn from well-validated eye tracking 

paradigms, could be consistent with a difference in social preference in MLP children between 
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the ages of 18 to 36 months compared to FT children. However, with the small sample 

presented here, we were not able to demonstrate this statistically. Sample size estimates for a 

fully powered study exploring differences in MLP and FT children in measures of social 

preference are reasonable and practical with the support of NHS recruitment pathways to 

ensure a MLP sample is representative and to ensure numbers recruited for a fully powered 

study are practically possible. Whilst it is important to highlight that the effect size obtained in 

a small sample provides an unreliable estimate of the actual effect size. If a medium effect size 

were indicated in a larger sample size, this would likely be quite meaningful. As per the social 

motivation theory, if MLP children find social stimuli less rewarding, this will likely impact 

real-word exposure to social interactions with peers and impact development of later social 

competence. This might then be useful mechanistic information to inform support provided in 

education and home settings.  

 The pilot data here showed no evidence of trends for differences between MLP and FT 

children on explicit measures of early social cognition, measured with the ESCogS. The limited 

studies of social cognition with MLP children suggest reduced joint attention skills (Fenoglio, 

2019; Gueron-Sela et al., 2015; Speretto et al., 2015) and reduced affect recognition abilities 

(Longa et al., 2022; Marotta et al., 2019), which are at odds with the pilot data presented here. 

It is important to hold in mind other potential pathways which might link prematurity and 

differences in social cognition as compared to full-term children. Many aspects of development 

are inextricably linked with social cognition. The development of other skills such as language, 

cognition, executive functioning, and motor skills may contribute to differences in social 

cognition outside of prematurity (Bradshaw, 2022) The preliminary evidence of differences 

identified in other studies, and possible differences in social preference suggested here are 

important to warrant further investigation. How these differences develop from earlier life, and 
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the impact of differences in social preference in this group on social cognition, is still not yet 

well understood.   

Tolerability and Feasibility of the Protocol 

  The current study suggests MLP and FT children were able to tolerate the protocol. 

However, the fewer number of trials viewed by children in the BioMotion (C2) task likely 

impacted the quality of the data and thus conclusions which can be drawn. The eye tracking 

task was often the final assessment of the day and as such children may have been tired and 

thus less able to engage. Reducing the task time to exclude the BioMotion (C2) task or 

changing the timings of eye tracking assessments may have allowed children to engage in these 

tasks and is an important strategy to support future data collection. The calibration attention 

grabbers used here were not sufficiently engaging and often calibration took longer than hoped. 

Ensuring calibration attention grabbers are sufficiently engaging may be important for future 

eye tracking studies of children within this age range.  

 Recruitment of the MLP sample was difficult and the sample collected here may not be 

representative of the broader MLP population. Qualitative research has suggested mothers of 

children born within this gestational window felt less aligned with the “preterm” label (Laverty 

et al., 2023). It is possible that social media recruitment using the preterm label with this sub-

category of prematurity may therefore not adequately capture the audience of interest. 

Additionally, from conversations with families participating in this research, the impact of the 

covid pandemic resulted in many children not having health visitor appointments. The timing 

of recruitment, in addition to reliance purely on a social media strategy may have encouraged 

families with concerns about their child’s development to be motivated to engage in this 

research. This has implications for external validity of both MLP and FT samples included in 

this research.   
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Strengths and limitations 

Lack of Conformity to ESCogS Sequence 

  In this study we did not assess inter-rater reliability and experimenters were not blind 

to study group which may have impacted performance. However, a stringent coding method 

was applied to score the ESCogS and this was completed from video recording which allowed 

for repeated viewing for any ambiguities during coding.   

Measures of Social Preference 

 Despite the use of more, well validated paradigms of social preference selected for this 

study, it is possible that these videos still did not represent real life social interactions and thus 

may have failed to capture the realities of children’s social attentional preferences. The 

inconsistences in associations between implicit and explicit measures of social cognition found 

in the literature and lack of correlation found here may be supportive of this. Future studies 

should aim to overcome these limitations.  

Measure of Explicit social cognition (ESCogS)  

 It is possible that other variables (e.g. – motor skills, attention, executive functioning, 

cognitive ability) may have influenced performance on tasks included in the ESCogS and 

thereby have an impact on reliability and validity. The MLP sample here presented with 

significant differences in cognitive ability in comparison to the full-term control group, 

however only the early learning composite score on the MSEL was reported, and sub-domains, 

such as the fine motor subscale were not explored. Measuring and reporting sub-domains of 

general cognitive ability will likely be important in future studies to better understand variables 

which may impact performance on explicit social cognitive tasks.   

Representativeness of our Sample 

 Our sample may have limited external validity for a number of reasons. Participants 

include children who completed assessments before and after the covid pandemic. There are 
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emerging studies investigating the impact of the changes in daily life and socialisation of 

children during the pandemic, which may be an important confound to consider. 

Sample Size 

 Pilot studies can provide us with an estimate of the range of possible associations and 

differences between groups, in addition to assessment of recruitment rates and protocol 

feasibility (Lee et al., 2014). However, effect size estimates from pilot studies are unstable and 

do not provide a usual estimation for power calculations. Therefore, those presented here must 

be interpreted with caution. The use of small sample pilot data to conduct power calculations 

for future larger-scale studies, as done here is problematic and not recommended due to the 

imprecision inherent in small samples (Leon et al., 2011). Lee et al., (2010) recommend pilot 

studies should focus on descriptive statistics and estimation of protocol feasibility therefore we 

should remain cautious of the effect size estimates presented. Instead, the value of the pilot 

data presented here, should focus on feasibility and tolerability of the protocol.  

Clinical Implication and Considerations 

 Experimental means for measuring subdomains of social cognition should be treated 

with caution. The lack of evidence in the wider literature, and that found here, weakens the 

assumption that social preference can be useful on its own as a marker of divergent social 

cognition. The GeoPref in particular is suggested as a promising prognostic tool for autism 

(Bacon et al., 2020; Moore et al., 2018), yet little evidence exists to support a strong correlation 

with real-world social behaviours that would likely be different in autistic people. Despite 

differences in social preference found between autistic and typically developing children, the 

use of the GeoPref as a prognostic marker for divergent social cognition may not be indicated 

at this time. Therefore, more traditional observational approaches to measurement of social 

cognition in addition to early measures of social preference may have added value.  
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.  Evidence presented here suggests MLP children may not preferentially attend to social 

stimuli compared to FT children. This is a feature present in autistic children and therefore may 

support hypotheses suggesting atypical social developmental trajectory of children born within 

later gestational windows. Additional neurodevelopmental follow up of this MLP group may 

be beneficial for this group when supported by further research. This is in line with NICE 

guidance (NICE, 2017) which explains the increased developmental risks and extra support 

children born preterm (before 37 weeks GA) may require.  

Recommendations for Future Studies 

 The power analysis conducted following this pilot study suggested a very large sample 

size would be necessary to evidence a statistically significant effect of the correlation between 

implicit and explicit measures of social cognition used here (N=182). Correlations were very 

small suggesting minimal associations; therefore, a fully powered study may not add additional 

value, notwithstanding the lack of practicality in recruiting the required number of participants. 

 Exploring differences in social preference between MLP and FT children may be 

beneficial, given that estimated sample sizes for a fully powered study are likely feasible (total 

N=52 for GeoPref; total N=102 for BioMotion (C1), if comments about recruitment are taken 

into consideration, particularly for the MLP group.  

 Longitudinal designs, spanning multiple time points across development, may also be 

important to explore how early social preference impacts later development. There is 

preliminary evidence of this with studies finding preference for non-social images on the 

GeoPref at 23 months predicting greater symptom severity on ADOS and other self-report 

measures at age 8 (Bacon et al., 2020). In line with a developmental cascades model (Bradshaw, 

2022), it is likely that implicit and explicit measures of social cognition may not correlate when 

measuring cross-sectionally. And perhaps early social preference impacts later social-cognitive 

skills.  
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 Early social attention is important for social development as suggested by the social 

motivation hypothesis (Chevalier et al., 2012; Dawson, 2008; Kohls et al., 2012). Studies have 

suggested early differences in children born prematurely as compared to their FT peers, 

however these differences disappear by the age of five (Dean et al., 2020). Longitudinal 

designs, spanning multiple time points across development, when exploring differences 

between MLP and FT children is likely of particular importance to better understand potential 

pathways to different developmental trajectories between groups. When exploring differences, 

it may also be important to measure, report and analyse other variables which may impact 

performance on measures of explicit social cognition.  

Conclusions 

 In summary, this pilot study has shown preliminary evidence of the following: large 

correlations between implicit and explicit social cognition are unlikely when measured cross-

sectionally and important differences may exist in social preference between MLP and FT 

children. 
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Press Release: Meta-Analysis  

Children born early find it more difficult to understand the emotions and mental state of 

others compared to children born on time! 

 Children who are born early (known as preterm) can suffer from difficulties in their 

development due to being born before the typical 37-week gestational period (known as full-

term). In particular, research has suggested higher rates of autism and Attention Deficit 

Hyperactivity Disorder (ADHD) when compared to children born on time. Social and 

communication differences are important features of Autism and ADHD and children with 

these diagnoses often show differences in developing important social skills.  

Research teams have begun to explore skills which are important for social 

development in children born preterm, to try to better understand any differences in 

development of these important social skills compared to children born at term. An increased 

interest in understanding social development in children born preterm, means there are many 

more studies looking at these important social skills than ever before.  

 The research team at the University of Birmingham used gold standard methodology to 

review all studies trying to understand differences in skills important for social development 

in children born early. Bringing all studies together in this way can help us get a clearer picture 

about true differences in social development in children born early compared to children born 

on time.  

 There were two important findings: Children born before 32 weeks gestational age 

(known as very preterm) have difficulty understanding another person’s belief’s thoughts and 

intentions and difficulty in identifying the emotions of other people when compared to children 

born full-term.   

 Recognising emotions and understanding beliefs and intentions are important skills for 

successful social development. Of particular interest in this research was the mixed findings of 
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research exploring earlier developing social skills important for children’s social 

understanding. Skills such as the ability to follow an adult’s gaze and jointly coordinating 

attention with another person are important skills that are essential for later developing social 

skills. Some studies suggested preterm children performed better than children born on time in 

these skills, whilst others suggested reduced abilities or no differences at all in comparison to 

children born on time.  

 We therefore can identify differences in these later developing skills such as theory of 

mind and emotion recognition, but we do not yet understand how the early development of 

these skills contributes to later skills important in developing social competence.  

 Lead researcher Emma Covernton puts forward two key recommendations for 

researchers in the field. She suggests we need to better understand earlier skills important for 

social understanding and studies which follow children over a period of time to understand 

how these skills develop in children born early.  She also highlights that we know very little 

about children born closer to the normal gestational period. There can be many differences in 

the experiences of children born at different stages of prematurity. Those born very early tend 

to experience more medical complications as a result of less time in the womb. Whilst those 

born closer to term present with less medical complications, however some research has 

suggested that these children may also present with the same differences in social development 

as those born much earlier.   

 The results of this research offer interesting insights into differences in social 

understanding of preterm children when compared to full-term children. Identifying that 

children born earlier show differences in skills important for social understanding is an 

important discovery so we can better identify key avenues of support for optimal social 

development.  
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Press Release: Empirical Paper  

Part One 

Eye tracking technology and more traditional observational methods my not give us the 

information we think they are!  

 Human beings show a preference for social aspects of the world which is suggested to 

occur from the moment of birth. This idea is known as social preference, and it is suggested to 

play a key role in a child’s social development. If a child finds social content more rewarding, 

they may be more likely to interact with other children and adults more, which offers lots of 

opportunity for developing important social skills. A reduced preference to social content is 

suggested to play a role in differences in social development and may be an early indicator of 

a child being on a different pathway of development than what is typical. This has been 

demonstrated in autistic children, where such children show a reduced preference for looking 

at social images. This knowledge is helpful and means research looking at whether children 

show a preference for social images over non-social images may be helpful in identifying 

children who may be at risk for differences in social development.  

 A research team at the University of Birmingham, in collaboration with Birmingham 

Baby Lab measured social preference with eye tracking technology and early social skills 

through direct play-based assessments in children ages 18 to 36 months. The research team 

were interested in better understanding how early social preference might be associated with 

real-life social skills. This research will help us to better understand the contribution of social 

preference to the development of social skills important for later social competence.   

 Findings showed little overlap in social preference measured by eye tracking and 

behavioural assessment. This is interesting as it may suggest that a preference for social aspects 

of our world may not be underlying development of real-life social skills which are measured 

in more traditional observational methods. This may mean that other characteristics are 
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important to consider in children who show different social developmental. Using measures of 

early social preference is important to understand these differences in social attention, however, 

continuing to use other assessment approaches in important to allow for a clearer picture of 

children’s individual strengths and weaknesses.  

Part Two 

Eye tracking technology suggests children born early show differences in social attention 

compared to children born at term!  

 A research team at the University of Birmingham explored differences in social 

understanding in children born early, but closer to the normal 37-week gestational period and 

children born on time. This group are known as moderate to late preterm and includes children 

born between 32 weeks and 37 weeks gestational age. In collaboration with Birmingham Baby 

Lab, a novel pilot study explored differences in early social preference measured using eye 

tracking technology and early skills important for social development using play-based 

assessments.  

 This study was the first of its kind investigating children born at later gestational ages 

of prematurity in isolation from those born earlier. This is an important development to be able 

to better understand the social development of these children, outside of the medical 

complexity often experiences in children born at earlier gestational ages. Emma Covernton, a 

member of the research team says “these findings are the first to suggest important differences 

in earlier skills important for social understanding in this cohort of children. Exploring this 

further in a larger scale study are important to support the development of children born at later 

gestational ages of prematurity”.  
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Appendix 2 

Appendix showing QQ plots for the distribution of standardised mean differences for both 

random and fixed effect models for studies measuring gaze following, RJA (point + gaze), 

initiating joint attention, theory of mind (after removal of Marleau et al., 2020) and affect 

recognition.  
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B. RJA (point + gaze) 

 

 

 

 

 

 

 

 

  



 

 

 
C. Initiating joint attention  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

D. Affect recognition.  

 

 

 

 

 

 

 

 

 

 

 

 



 

 

E. Theory of Mind  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Appendix 3 
 
Figure showing funnel plot of the SMD in gaze following, RJA (gaze + point), IJA, and affect recognition 

between preterm and full-term children. The 95% confidence interval of the expected distribution of 

effect is shown as an inverted “funnel”. 

A. Gaze following  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

B. RJA (gaze + point) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 





 

 

Appendix 4 

Figure showing Baujat scatter plots for studies measuring gaze following, RJA (point + gaze) and 

initiating joint attention. 

A. Gaze following  

 

 

 

 

 

 

 

 

 

 

B. RJA (point + gaze) 

 

 

 

 

 

 

 

 

 

 

 



 

 

C. Initiating joint attention  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Appendix 5 

Figures showing leave one out analysis for studies measuring gaze following, RJA (gaze + point), and 

initiating joint attention. 

A. Gaze following 

 

 

 

 

 

 

B. RJA (point + gaze) 

 

 

 

 

 

 

 

C. Initiating joint attention  

 

 

 

 

 

 

 



 

 

Appendix 6 

Appendices showing results from preliminary analysis for theory of Mind (prior to Marleau et al., 

(2020) study was omitted from analysis.  

A. Figure showing QQ plots for both fixed and random effects model for theory of mind (TOM) 

meta-analysis (prior to removal of Marleau et al., (2020).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

B. Figure showing Baujat scatterplot for theory of mind (TOM) meta-analysis (prior to removal 

of Marleau et al., 2020).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 

C. Figure showing outlier and sensitivity analysis via leave one out method for theory of mind 

(TOM) meta-analysis (prior to removal of Marleau et al., 2020) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

D. Figure showing funnel plot of the standardised mean differences in theory of mind (TOM) 

between preterm and full-term children prior to trim and fill procedure.  The 95% confidence 

interval of the expected distribution of differences in TOM is shown as an inverted “funnel”.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 











 

 

 
When was your child born?  ___/___/___     Approximate time: ______________ 
 
Place of birth (please circle) Hospital / Birthing Centre / Home  
 
What type of birth was this? Vaginal / Caesarean (Emergency/Scheduled/Repeat)  
 
Did labour start on its own? Yes No  
 

At how many weeks gestation? _________ 
 
Did your water break on its own? Yes No  
  
Did you have an epidural? Yes No 

 If YES, how far along were you during labour?  _________ 
 
Did you have any pain medication? _________________ 

 
Yes No If YES, what kind? _____________________________ 

 
 
Please detail any known birth complications: 
_________________________________________________________________________________ 
 
_________________________________________________________________________________ 
 
_________________________________________________________________________________ 
 
Was a NICU stay required? Yes      No 
 

If yes, for how long? Weeks__________ Days__________ Hours_________ 
 
Did your infant require the use of a ventilator? Yes No 
 
Did your infant experience any Intracranial haemorrhages (also known as brain bleeds)? Yes       No 
 
Did your infant require any surgeries during their first year of life? Yes No 
 
If yes, please detail 
_________________________________________________________________________________ 
 
_________________________________________________________________________________ 
 
Baby 
 
Birth weight ___________ 
  
Birth height ___________ 
 
Birth length ___________ Head circumference  ___________ 
 
APGAR score (at 1 minute)___________ (at 5 minutes)___________ (at 10 minutes)___________ 
 
  
Age at discharge from hospital (days/hours) _________ _________ 



 

 

 
Discharge weight _____________ 
 
Did your baby have the heel prick test? Yes No 
  

Did the results return clear? Yes No 
 
Was your baby breastfed? Yes      No 
  

If no, please circle the formula details Milk / Soy / Organic / Homemade 
  
Does your baby take any supplements directly? Yes No 
 
If yes, please detail 
_________________________________________________________________________________ 
 
_________________________________________________________________________________ 
 

 
 
 

1. Are you male or female? Male            Female           Postcode:________ 
 

 
2. What was your age in years on your last birthday? _____________ years 

  
3. Please tick the highest level of your educational qualifications.  

     
No formal educational qualifications..........................................................................................    
Fewer than 5 GCSE’s or O Level’s (grades A-C), NVQ 1, or BTEC First Diploma……. ….   
5 or more GCSE’s or O Level’s (grades A-C), NVQ 2, or equivalent…………………..……..   
3 or more ‘A’ Levels, NVQ 3, BTEC National, or equivalent..................................................    
Polytechnic/University degree, NVQ 4, or equivalent.................................................................   
Masters/Doctoral degree, NVQ 5, or equivalent…………........................................................   

 
 
4. What is your relationship to your infant participating (e.g. mother, father, stepmother,                                                                                     

grandmother, adoptive parent)? ______________________________ 
 

 
5. In total how many people currently live in your home? _________  Adults  _______  Children 

 
6. What is your current marital status? 
 

Married, and living with spouse...................................................................   
 

Living with partner.......................................................................................   
  

     The following questions ask for background information about you and your family. Please tick the 
appropriate boxes or write in the spaces provided. 



 

 

Divorced/Separated/Widowed/Single and NOT living with a partner.........   
 
If living with partner/spouse, please answer the following questions, if not, please go to question 11. 

 
 
7. Is your partner male or female?                      Male            Female       

 
 
8. What was their age in years on their last birthday? _____________ years 

 
9. Please tick the highest level of your partner/spouse’s educational qualifications.  

            No formal educational qualifications.....................................................................................   

Fewer than 5 GCSE or O Level (grades A-C), NVQ 1, or BTEC First Diploma……………   

5 or more GCSE or O Level (grades A-C), NVQ 2, or equivalent………………………..…  

3 or more ‘A’ Levels, NVQ 3, BTEC National, or equivalent..................................................   

 Polytechnic/University degree, NVQ 4, or equivalent.............................................................  

Masters/Doctoral degree, NVQ 5, or equivalent…………........................................................  

  
 10. What is your partner/spouse’s relationship to your infant participating (e.g.,      
        mother, father, stepmother, adoptive parent)?         _____________________________ 

 
 
 
11. What is your current total annual family income? Please include a rough estimate of total 
salaries and other income (including benefits) before tax and national insurance/pensions. 

Please tick one box only: 

Less than £15,000…………………………………………………………………….…………..…    

£15,001 to £25,000……………………………………………………………………...………….  

£25,001 to £35,000………………………………………………………………..…….……….  

£35,001 to £45,000………………………………………………………………….…..…………  

£45,001 to £55,000……………………………………………………………..…………….……  

£55,001 to £65,000…………………………………………………………….………………….…..  

£65,001 or more…………………………….………………………………….………………….  

 
12.Which of the following best describes the ethnic group of your child? 
 
 White 



 

 

 Mixed or multiple ethnic groups 
 Asian or Asian British 
 Black, African, Caribbean, or Black British 
 Not listed: _________________________________________________________ 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Appendix 3 

Appendices showing the Modified Checklist for Autism in Toddlers – Revised (MCHAT-R). Please 

note the follow up questions are not included in the appendices but can be accessed via the following 

link https://drexel.edu/~/media/Files/autismInstitute/EDI/M-CHAT-R_F.ashx.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Appendix 4  

Appendices describing the Early Social Cognition Scale individual task discrepancies.  

 
Name of 
task/Original 
Author 

Task as described in 
original paper   

Task as shown in original video footage115  Scoring sheet116 
instructions and pre 
covid protocol117 

Decision/ 
Rationale  

Helping task  
Warneken & 
Tomasello 
(2006;2007) 
 

E1 does all trials in both 
control and experimental 
condition.  
Additionally, there are three 
trials for paper bell task and 
two trials for pen drop task.  
 

Ellis original footage videos: show E1 does one 
experimental trial and one control trial.  
E2 does one experimental and one control for both 
paper bells and pen task  
 

E1 does all control 
conditions (paper bells 
and pen drop). 
E2 does all 
experimental conditions 
(paper bells and pen 
drop).  
 

Decision to remain with 
scoring sheet and precovid 
protocol for consistency. 
The discrepancy is related to 
the role of E1 and E2/number 
of trials. 
How the task is performed 
remains consistent.  

Gestures 
task  
Behne, 
Carpenter & 
Tomasello 
(2005) 
 

No description of control 
condition. Experimental 
condition - states that E1 
does both gaze and point and 
says to the child “I can see” 
whilst hiding the toy.  
E2 (described as “assistant”) 
asks child “where is the toy”.  
 Assistant does not say “I 
can see it” which makes 
sense if its E1 who always 
hides the toys and conducts 
the control/experimental 
cues. 
 

Ellis original footage videos: show  
E1 does control cues (gaze and point) 
E2 does experimental cues (gaze and point). 
E1 always asks the child “where is it” on all control 
and experimental trials.  
E2 Says “I can see it” on experimental trials only. 
E1 turns away from the table whilst E2 does either 
experimental gaze or point, E1 then turns back to face 
infant and then E1 asks infant “where is the toy?” 
  
Supplementary material from Ellis: E1 does control 
cues (point and gaze), E2 asks infant “where is the 
toy?” (on control conditions) 
E2 does experimental cues (point and gaze) 

E1 does all control and 
experimental cues. 
E2 “I can see it” on 
experimental conditions 
only.  
E1 always says “where 
is it?” to the child- 
across control and 
experimental 
conditions.  
 

Decision to remain with 
scoring sheet and precovid 
protocol for consistency. 
The discrepancy is 
predominantly related to the 
role of E1 and E2. 
How point and gaze cues are 
delivered remains consistent.  

 
115 Footage available at the Richards lab which was conducted as part of ESCogS author thesis project (Kat Ellis).  
116 Scoring sheet was kindly provided to the Richards Lab by ESCogS author (Kat Ellis).  
117 Pre-covid protocol refers to those participants included in this study, whose data was collected prior to national lockdown.  



 

 

Name of 
task/Original 
Author 

Task as described in 
original paper   

Task as shown in original video footage115  Scoring sheet116 
instructions and pre 
covid protocol117 

Decision/ 
Rationale  

E1 turns away from the table whilst E2 does either 
experimental gaze or point. 
E1 then turns back to face infant and then E1 asks 
infant “where is the toy?” 

 
Please note – E1 = Experimenter one; E2 = Experimenter two.  

 

 

 

 

 

 

 

 







 

 

Appendix 7 

Appendices showing table of The Early Social Cognition Scale task counterbalancing – from Ellis et al., (2020) supplementary materials – open 

access journal with permission to use with citation.  

 

 

 

 

 

 

 

 

 

 












