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Abstract

Social cognition refers to a broad range of cognitive processes and skills that allow individuals to interact with and understand
others, including a variety of skills from infancy through preschool and beyond, e.g., joint attention, imitation, and belief
understanding. However, no measures examine socio-cognitive development from birth through preschool. Current test batteries
and parent-report measures focus either on infancy, or toddlerhood through preschool (and beyond). We report six studies in
which we developed and tested a new 21-item parent-report measure of social cognition targeting 0—47 months: the Early Social
Cognition Inventory (ESCI). Study 1 (N = 295) revealed the ESCI has excellent internal reliability, and a two-factor structure
capturing social cognition and age. Study 2 (N = 605) also showed excellent internal reliability and confirmed the two-factor
structure. Study 3 (N = 84) found a medium correlation between the ESCI and a researcher-administered social cognition task
battery. Study 4 (N = 46) found strong 1-month test—retest reliability. Study 5 found longitudinal stability (6 months: N = 140; 12
months: N = 39), and inter-observer reliability between parents (N = 36) was good, and children’s scores increased significantly
over 6 and 12 months. Study 6 showed the ESCI was internally reliable within countries (Australia, Canada, United Kingdom,
United States, Trinidad and Tobago); parent ethnicity; parent education; and age groups from 4-39 months. ESCI scores
positively correlated with household income (UK); children with siblings had higher scores; and Australian parents reported
lower scores than American, British, and Canadian parents.

Keywords Social cognition - Theory of Mind - Survey development - Infants - Toddlers - Preschoolers

Social cognition refers to a broad range of cognitive processes
and skills that allow individuals to interact with and understand
others (Gattis, 2018). Social cognition first emerges in infancy,
and continues to develop through early childhood via the ac-
cumulation of different skills. Nonetheless, many studies focus
on only one socio-cognitive skill within a narrow age range
(Baron-Cohen et al., 1985; Behne et al., 2012; Carpenter,
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Akhtar, et al., 1998a; Denham, 1986; Repacholi & Gopnik,
1997). Those studies that do look at multiple socio-cognitive
skills across a wider age range demonstrate that this approach
is a time-consuming and expensive activity involving multiple
lab visits and a battery of tasks (Carpenter, Nagell, et al.,
1998b; Hilbrink et al., 2013; Sakkalou et al., 2013). The goal
of the current studies was to develop a short parent-report
measure of social cognition from birth through to 47 months,
the Early Social Cognition Inventory (ESCI), and evaluate the
convergent validity and reliability of the measure. The ESCI
would allow researchers to efficiently measure socio-cognitive
development, including: (1) a comparison of social cognition
to other skills and abilities, both cross-sectionally and longitu-
dinally, with a wide age range; and (2) a control for social
cognition experiments, covering a wide age range.

The first socio-cognitive skill to emerge developmentally
can also be seen as a gateway to social cognition more gener-
ally: orienting to social partners. New-born infants attend to
faces more than other visual stimuli and within a few months,
recognize familiar faces (Farroni et al., 2005; Johnson et al.,
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1991). Faces are valuable dynamic stimuli, providing cues not
only about identity but also about the attentional focus and
emotional state of social partners (Frith, 2008). Across the first
year, infants increasingly orient to objects as well as faces,
eventually shifting attention back and forth between an object
and person, a process known as joint attention (Morales et al.,
2000; Perra & Gattis, 2010, 2012). Around 1 year of age, most
children are capable of gaze- and point-following, and in ad-
dition, produce points to communicate with others (Brooks &
Meltzoff, 2005; Camaioni et al., 2004; Carpenter, Nagell,
et al., 1998b; Liszkowski et al., 2004). During approximately
the same developmental period as the emergence of joint at-
tention, children begin to copy the actions of others in two
different ways: mimicry (copying actions without necessarily
understanding the intentions behind them) and imitation
(copying actions while understanding the intentions behind
them) (Behne et al., 2012; Carpenter, Akhtar, et al., 1998a;
Carpenter, Nagell, et al., 1998b; Gergely et al., 2002;
Liszkowski, 2005; Liszkowski et al., 2004; Liszkowski
et al., 2006; Liszkowski et al., 2007; Sakkalou & Gattis,
2012; Tomasello, 1995). Longitudinal evidence from
researcher-administered tests indicates that joint attention
and at least some forms of copying the actions of others are
linked. For instance, Carpenter, Nagell, et al. (1998b) used
Guttman analysis to demonstrate that joint attention, gaze
and point following, children’s own pointing, and imitation
were developmentally related.

Social cognition also refers to knowledge and understand-
ing of social partners, including their desires, emotions, and
beliefs (Barna & Legerstee, 2005; Denham, 1986; Wellman &
Woolley, 1990). By 18 months, most children understand
others’ desires (Repacholi & Gopnik, 1997), and by around
2 years, they understand others’ emotions and perspectives
(Denham, 1986; Moll & Tomasello, 2006). All of these skills
involve taking another’s point of view (Denham, 1986;
Gopnik & Slaughter, 1991; Moll & Tomasello, 2006).
Finally, by around 4.5 years, children show explicit false be-
lief understanding (Wellman et al., 2001), though implicit
false belief understanding may be evident as young as 17
months (Onishi & Baillargeon, 2005; Southgate et al., 2010;
Southgate et al., 2007). Studies with American and Australian
3—5-year-olds showed that children generally pass a series of
social cognition tasks in the same order, first understanding
desires, then beliefs, knowledge, false beliefs, and complex
emotions (Shahacian et al., 2011; Wellman & Liu, 2004).
However, this order is slightly different in countries such as
China, Iran and Turkey where children tend to acquire knowl-
edge before beliefs (Selcuk et al., 2018; Shahacian et al., 2011,
Wellman et al., 2006).

Longitudinal evidence helps developmental scientists more
accurately identify the ages at which specific socio-cognitive
skills emerge, as well as the order of emergence across skills
(e.g., Carpenter, Nagell, et al., 1998b; Wellman & Liu, 2004).

@ Springer

Longitudinal evidence is also essential for evaluating the con-
tinuity (consistency of the group across time) and stability
(consistency of individual rank across time) of socio-
cognitive skills (Bornstein et al., 2017). As a result, longitu-
dinal evidence plays an important role in describing develop-
mental trajectories, assessing individual performance, and in
evaluating theoretical questions about relations between dif-
ferent skills and processes. At present, most longitudinal stud-
ies of social cognition have relied on lab-based researcher
testing (Carpenter, Nagell, et al., 1998b; Wellman & Liu,
2004), which is time-consuming and expensive (e.g., seven
visits per child, Carpenter, Nagell, et al., 1998b). Longitudinal
studies of social cognition have also tended to cover a restrict-
ed age range, perhaps because of the time and related costs
involved.

A potentially more efficient approach to measuring social
cognition more broadly is to use parent-report measures. The
Children’s Social Understanding Scale (CSUS) (Tahiroglu
et al., 2014) achieves this task with a 42-item survey for chil-
dren with typical development from 2.5 to 7 years, asking
questions covering children’s understanding of beliefs,
knowledge, perception, desires, intentions, and emotions,
which showed good internal reliability, and correlated well
with researcher-administered social cognition tasks. The
Theory of Mind Inventory (ToMI) (Hutchins et al., 2012)
was designed to assess Theory of Mind development in chil-
dren from 2 to 18 years, and shows good internal reliability
across questions including perspective-taking, others’
thoughts and emotions, joint attention, false belief, and the
appearance-reality distinction. Importantly however, the low-
er age limit of these surveys is 2 years, despite the fact that
social cognition is already developing in the first year.
Research therefore needs to determine whether socio-
cognitive skills can be measured reliably by parents in chil-
dren from the first year, when these skills first emerge. Our
survey will determine whether 0—47-month-olds’ socio-
cognitive development can be measured with one survey.
The questions we designed were based on past lab experi-
ments, including attention to faces, joint attention, gaze and
point following, pointing, mimicry, imitation, and understand-
ing intentions, mistakes, desires, perspectives, emotions, the
appearance reality distinction, beliefs, and knowledge (see
Study 1 for details on survey construction) (Baron-Cohen
et al., 1985; Behne et al., 2012; Carpenter, Akhtar, et al.,
1998a; Carpenter, Nagell, et al., 1998b; Denham et al.,
2002; Farroni et al., 2005; Frith, 2008; Gergely et al., 2002;
Johnson et al., 1991; Jones, 2007; Liszkowski, 2005;
Liszkowski et al., 2004; Liszkowski et al., 2006; Moll &
Tomasello, 2006; Repacholi & Gopnik, 1997; Sakkalou &
Gattis, 2012; Tomasello, 1995; Wellman et al., 2001). The
current project also involved comparing parent-report mea-
sures to a subset of analogous researcher-administered tasks
to determine the parent report measures’ concurrent validity.
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One use for a short parent-report measure of social cognition
is to easily determine how social cognition relates to a variety of
other areas of development, across a wide age range, either
cross-sectionally or longitudinally. We already know that social
cognition influences other aspects of development in typically
developing children. The ability to engage in joint attention in
infancy predicts executive function later on, while the amount
of joint attention infants engage in predicts vocabulary later on
(Miller & Marcovitch, 2015; Morales et al., 2000). The ability
to follow gaze and point, point, and direct gaze in infancy pre-
dict receptive and expressive language (Laakso et al., 1999;
Moberg et al., 2017). The ability to imitate in infancy also
predicts expressive language (Laakso et al., 1999), and is linked
to extraversion (Hilbrink et al., 2013). Preschoolers’ ability to
understand emotions negatively predicts how hostile children
will become later on (Choe et al., 2013). Finally, preschoolers’
Theory of Mind, or ability to understand false beliefs, predicts
how well children will be liked in the future, and how hostile
children will become (Choe et al., 2013; Slaughter et al., 2002).
Given that many components of social cognition predict a va-
riety of skills in children, future research would benefit from a
short, easy to use tool to examine these and further
relationships. Other surveys have been used extensively in this
manner. For instance, Tsao et al. (2004) found that speech dis-
crimination determined via an experiment at 6 months predicted
language development, measured by the MacArthur-Bates
Communicative Development Inventory, at 2 years. Similarly,
Libertus and Needham (2014) found that 3-month-olds’ face
preference determined via an experiment correlated with their
motor activity, via the Infant Behavior Questionnaire.

Another use for a short parent-report measure of social
cognition is to act as a baseline measure in experiments where
socio-cognitive skills are a dependent variable. For instance,
some between-subjects tasks examined whether children imi-
tated intentional actions, but not accidental or irrelevant ac-
tions (Carpenter, Akhtar, et al., 1998a; Gergely et al., 2002;
Sakkalou & Gattis, 2012). However, where results are posi-
tive, there is always a chance that the experimental group had
more advanced socio-cognitive development to begin with.
Using a short parent-report measure of social cognition as a
baseline could control for variation between groups, reducing
this potential problem.

Finally, the ESCI could be a valuable tool in practice. For
instance, medical professionals, such as doctors and health vis-
itors, might be able to use it as a screening tool to identify
children who are not following typical developmental trajecto-
ries. Early years educators and parents could also use the ESCI
to determine how advanced children’s social cognition is in
order to pitch communication and activities at the right level.

The current study sought to create a short parent-report
measure of social cognition from birth to 47 months. The
study included constructing the ESCI (N = 295, Study 1)
and validating the ESCI with a separate sample, (N = 605,

Study 2). We also sought convergent validity by comparing
parent reports to a battery of researcher-administered social
cognition tasks to ensure that parent reports related to more
objective, frequently used researcher-administered measures
on another separate sample, (N = 84, Study 3). We measured
test—retest reliability at 1 month (N = 46, Study 4), as well as
longitudinal stability at 6- (N = 140) and 12-month (N = 39)
intervals and examined inter-rater reliability between parents
(N = 36, Study 5, based on a subset of participants from
Studies 1-4). All data (Studies 1-4) were also compiled to
examine internal reliability within different demographic
groups (different countries; levels of education; parent ethnic-
ity; children mono- or multilingual); how items and the scale
change across age; and to examine demographic differences
(child gender, siblings, childcare hours, child mono- or mul-
tilingual, parent gender, parent age, parent education, house-
hold income; Study 6).

Study 1: Survey construction

The goal of developing the ESCI was to design an inventory
that could (1) be used across a wide age range (birth through
47 months), and (2) identify the emergence of socio-cognitive
skills that, once achieved, would remain. The latter was im-
portant as the ESCI was intended to capture the developmental
progression of socio-cognitive skills. Therefore, socio-
cognitive behaviors that emerge temporarily, such as stranger
anxiety, should not be included.

The first author conducted a literature review of diverse
socio-cognitive skills across the 0 to 47-month age range. A
general search for terms like “social cognition” or “Theory of
Mind” alongside terms such as “preschool*”; “toddler*” and
“infan*” was not a good strategy, as one such search yielded
over 90,000 results on PsycInfo. Therefore, the search instead
focussed on review articles, and research articles that looked at
a range of socio-cognitive skills across a wide age range which
overlapped with our target age range. Two instruments evalu-
ating socio-cognitive skills in children 2 years and older, the
Perceptions of Children’s Theory of Mind Measure—
Experimental Version (PCToMM-E) (Hutchins, et al., 2012),
and the CSUS (Tahiroglu, et al., 2014), suggested several
socio-cognitive skills to tap into, including, emotion, intention,
desire, perception, belief, and knowledge. Indeed, these surveys
showed good reliability, suggesting these skills are related.

However, we also need to cover socio-cognitive skills which
develop before two years. We began with theoretical and re-
view papers to examine what socio-cognitive skills are present
in children under 2 years, and also examined empirical work
that covered a range of socio-cognitive skills and ages under 2
years. Pedagogy Theory has been proposed by Csibra and
Gergely (2006), suggesting socio-cognitive skills emerging
from birth support knowledge transfer in humans. These
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socio-cognitive skills include face preference in new-borns,
gaze following, goals, pointing, and imitation. Empirical re-
search also lends supports to the idea that several socio-
cognitive skills develop in the first years. A longitudinal study
by Carpenter, Nagell, et al., (1998b) from 9—15 months mea-
sured joint attentional engagement, gaze and point following,
imitation of actions on objects (tapping into intention under-
standing), as well as imperative and declarative (point) gestures.
This study found these skills are related, emerging in a consis-
tent order across children. While most surveys and experiments
focus on children’s understanding of others’ social cognition,
Meltzoft (2007) suggested the “like-me” hypothesis, that chil-
dren come to understand others’ socio-cognitive processes by
comparing them to their own. This paper provides a theory of
how social cognition emerges in infancy, and includes skills
and concepts such as perception, emotion, imitation, gaze-fol-
lowing, and goals. Therefore, we chose to include items which
considered whether children understand their own, as well as
others’, social cognition.

After generating a list of socio-cognitive skills, we next gen-
erated items that linked socio-cognitive skills to experimental
tasks that captured these skills. For instance, in the Carpenter,
Nagell, et al., (1998b) study, an experimenter held one item in
each hand, and looked back and forth between the child and the
item, to determine if the child would gaze follow toward the
item. This led to the question, “Does your child follow where
you look in order to look at the same thing as you?” Other items
were created in the same way (see Table 1 for experimental
sources for items). For items focussing on the child’s under-
standing of their own social cognition, we adapted some of the
items derived from experiments’ focussing on others’ social
cognition to instead focus on the child. For instance, the item,
“Does your child understand what it means
for others to make mistakes? E.g., that they dropped a plate by
accident.” was based on an experiment by Carpenter, Akhtar,
et al (1998a) which children had to distinguish an intentional
action from a mistake. We then adapted this item to focus on the
child’s understanding of their own mistakes, “Is your child
aware of his/her own mistakes? E.g., if s’/he drops something
by accident.” This process led us to create 23 items that in-
volved skills that experimental research found emerged from
birth (e.g., face preference) (Farroni et al., 2005; Johnson et al.,
1991), to just beyond the 47-month mark (false belief under-
standing) (Baron-Cohen et al., 1985). The next step was to test
the items with an initial pool of participants (DeVellis, 2017).

Method
Participants

Participants were tested on a preliminary version of the survey.
There have been several methods suggested for determining
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sample size for survey construction, including ten participants
per item (Tabachnick & Fidell, 2007), which would lead to 230
participants for our original 23-item survey. Therefore, to be
conservative we aimed for over 250 participants to account for
participants who may need to be cut, e.g., if they were too
young, or reported their age wrong. We obtained surveys for
295 children. Participants were recruited online through
Facebook advertising across countries worldwide for which
English was the official language, press releases, Bounty packs
within Sheffield, United Kingdom, and social media. Adverts
were targeted at adults over 18 years who had a child from birth
to 3 years. All participants completed a demographics survey
(see Table 2). We do not report household incomes of samples
that had fewer than five participants in a country. Ethical ap-
proval was obtained from the Psychology Department at the
University of Sheffield for the projects, “Using parent reports
to learn about early humour, pretending, deception, creativity,
social cognition, actions, and language”, Reference Number
003095, and, "The relationship between humour development
and social cognition from 3 months to 47 months: A lab study",
Reference Number 013845. Parents who completed the survey
on babylovesscience.com ticked boxes online to indicate their
consent for the survey. Parents who completed the survey in
the lab ticked boxes and signed a paper consent form. There
was no reward for participation, unless participants repeated
the survey 6 or 12 months later, or the child’s other parent
also completed the survey (see Study 5).

Measures

Early Social Cognition Inventory (ESCI) Participants completed
the ESCI on www.babylovesscience.com using their own
computer. The initial survey consisted of 23 items (see
Table 1 for the final 21 items, after one item was dropped
since it did not increase with age, and another item was
dropped as it loaded more strongly with the age factor than
the social cognition factor in the exploratory factor analysis, as
discussed in the Results section). Examples of questions includ-
ed, “Does your child follow where you look to look at the same
things as you?” and, “Is your child aware of their own emo-
tions?” Participants were required to respond either yes/no to
each question, or could leave the item blank if the answer was
“no” to save time. Each “Yes” response was summed to give a
final score of 0-21 out of 21.

Results

None of the ESCI items (N =295) were collinear (all Spearman’s
Rho, r < .860). We next ran binary logistic regression with each
item as the dependent variable, and age in months as the inde-
pendent variable to examine whether the percentage of positive
responses to each item generally increased with age, or whether
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Table 2  Participant Information

N Study 1 Study 2 Study 3 Study 4
295 605 84 63
Children’s Age:
Mean (months; days) 17;12 25;20 23;19 32;1
Range 0;17 -47; 10 0;17 —47;24 3,7 — 4655 7.22-47;25
SD 11;29 11;21 13;20 11;26
Children’s Gender:
Female 140 298 40 25
Male 154 307 44 38
Not reported 1 0 0 0
Children’s Ethnicity:
Black 2 14 0 0
East Asian 4 3 0 0
Hispanic 2 1 0 0
Pacific Islander 0 1 0 0
South Asian 5 10 0 0
White 249 515 79 61
Of Mixed Ethnicity 7 18 4 2
Other (not specified) 21 32 0 0
Not reported 4 11 1 0
Country:
Australia 123 10 0 0
Canada 10 15 0 0
Trinidad and Tobago 0 16 0 0
United Kingdom 103 436 84 63
United States of America 27 76 0 0
Other Country 29 43 0 0
Not reported 3 9 0
Child’s Language
English only 229 463 64 32
English and another language(s) 58 101 13 30
Other language only (monolingual) 1 3 0 0
Other languages only (multilingual) 0 2 0 0
English, another language unclear 0 24 7 0
Not reported 7 12 0 1
Siblings
Yes 102 258 41 45
No 187 315 36 18
Not reported 6 32 7 0
Childcare hours
Mean NA 17.15 12.46 16.07
Range NA 0-75 0-40 0-47.5
SD NA 15.01 12.06 13.11
Not reported 295 165 6 0
Parents’ Age
Mean (years) 32.12 33.47 34.20 35.32
Range 18 -48 18 —46 22-43 27-44
SD 5.26 4.89 3.79 4.20
Not reported 2 33 7 0
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Table 2 (continued)

N Study 1 Study 2 Study 3 Study 4
295 605 84 63
Parents’ Gender
Female 288 536 72 62
Male 5 36 1
Not reported 2 33 0
Parents’ Ethnicity:
Black 3 17 1 0
East Asian 6 8 0 0
Hispanic 1 2 0 0
South Asian 7 0 0
White 263 500 75 63
Of Mixed Ethnicity 3 8 1 0
Other (not specified) 7 27 0 0
Not reported 4 34 7 0
Parents’ Education
High school 37 60 15 6
Community College 31 33 0 0
Undergraduate Degree 111 210 36 30
Postgraduate Degree 111 289 33 27
Not reported 5 13 0 0
Household Income
Australia: N 60 6 NA NA
Mean $123,250 AUD $112,500
Range $30,000 — $350,000 $60,000-$200,000
SD $63,557 $61,298
Canada: N 6 11 NA NA
Mean $115,000 CAD $111,636
Range $60,000 — $200,000 $13,000 — $200,000
SD $52,154 $59,333
Trinidad and Tobago: N NA 8 NA NA
Mean $367,625 TTD
Range $130,000 — $630,000
SD $212,057
United Kingdom: N 65 260 74 58
Mean £58,754 GBP £62,075 £53,980 £65.414
Range £10,000 - £155,000 £6,000 — £750,000  £9,000 — £120,000 £24,000-£160,000
SD £28,727 £52,855 £22,037 £27,339
United States of America:
N 21 64 NA NA
Mean $82,190 USD $132,563
Range $15,000 — $200,000 $20,000 — $250,000
SD $48,936 $61,275
Recruited
babylovesscience.com 295 552 0 0
University of Sheffield Cognitive Development Lab 0 53 84 0
Cardiff University’s Centre for Human Developmental Science 0 0 0 63

@ Springer


http://babylovesscience.com

Behav Res

scree plot

U000000000000000O0
T T T T

5 10 15 20

Eigen values of components
4 8
L1
/

component number

a. Study 1 data
Fig. 1 Parallel analysis for Study 1

any items were transient phases. All items positively correlated
with age (V =295, 3 > .034, Wald > 10.53, p < .002), except
item 22, “Does your child like to look at faces?”” which correlated
negatively with age (N =295, 5=—.119, Wald =5.58, p = .018).
We therefore cut this item as we deemed it not useful for tracking
the increasing development of social cognition from birth to 47
months.

After removing item 22, we checked whether children as
young as 0 months showed variation in scores. The mean
summed score of the 22 items at 0 months (N = 4), was 1.00
(SD = 1.41, range = 0-3), suggesting the ESCI shows varia-
tion from birth, so we kept children as young as 0 months. We
next examined whether each item correlated with the total
ESCI score (the total number of “yes” responses across the
remaining 22 items) using Spearman’s Rho, r > .3, p < .05
(Pedhazur & Schmelkin, 1991). All items correlated with the
total ESCI score (all » > .32, p < .001). Internal reliability for
the remaining 22 items was excellent, Kuder—Richardson
Formula 20 (KR20) = 0.94.

We then performed an exploratory factor analysis for binary
items in R (Starkweather, 2014) using the psych package
(Revelle, 2014). When looking at the scree plot two factors load
at eigenvalues above 2, while a third factor was very close to 1,
and all other factors were below 1. Parallel analysis suggested
only two of these factors should be retained. We therefore ran a
factor analysis for binary items with two factors. However, we
found that all items loaded best onto Factor 1, at a value of .30 or
greater, except item 23, “Does your child copy others for no clear
reason? E.g., raises arm because someone else did, with no clear
goal (other than to raise one ' s arms).” which loaded best onto
Factor 2. Therefore, we re-ran the analysis without item 23.

When looking at the scree plot, again, two factors load at
eigenvalues above 2, while a third factor was very close to 1,
and all other factors were below 1. Parallel analysis again
suggested only two of these factors should be retained (see
Fig. 1). We therefore ran a factor analysis for binary items
with two factors. This accounted for 80% of the variance.
Table 1 shows the factor loadings for each item. All items
loaded onto Factor 1 at a weighting of .44 or more, which
accounted for 71% of the variance of the model. This factor
appears to capture social cognition more generally. Seven
items loaded onto Factor 2 at a weighting of .30 or more; or
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b. Random data

— .36 or less, which accounted for 9% of the variance of the
model. Overall, items that loaded more strongly in a positive
direction on Factor 2 were those that were passed at an earlier
age (before 5 months, see Table 1). Items that loaded more
strongly in a negative direction were those that were passed at
a later age (from 27 months, see Table 1). Therefore, the two-
factor structure picked up on social cognition overall, and age,
which we aimed to capture in the ESCI. However, no distinct
conceptual categories, such as intentions or pointing, nor own
versus others’ social cognition, were captured by the factor
structure. While some items loaded onto both factors, we put
in bold the factor that each item loaded onto best (see Table 1).

See Table 3 for the final descriptive statistics, by year, for the
21-item ESCI. We then re-checked whether children as young
as 0 months showed variation in scores, which did not change
as none of the children passed item 23. We next re-examined
whether each item correlated with the total ESCI score (the total
number of “yes” responses across the remaining 21 items)
using Spearman’s Rho. All items correlated with the total
ESCI score (all »> .44, p < .001, see Table 1). Internal reliabil-
ity for the remaining 21 items was excellent, KR20 = 0.95.

Discussion

Study 1 found that 21 of the 23 ESCI items formed a cohesive
scale, in which all items correlated with the total score; the
items showed good internal reliability; and an exploratory
factor analysis showed that the items formed a cohesive struc-
ture. Study 2 examined whether we could replicate internal
reliability and the factor structure in a separate sample of
participants.

Study 2: Replication

Method

Participants

Based on research suggesting ten participants per item are
needed to construct surveys (Tabachnick & Fidell, 2007),
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Table 3 Descriptive statistics for age and ESCI scores by year in each
study, and total scores for the researcher-administered social cognition
tasks in Study 3

0 1 2 3
Study 1N 125 86 54 30
Age M 6;9 18;0 29,7 40;21
Range 0;17-11;25  12;2-23;21 24;0-35;10 36;21-47;10
SD 3.6 3.7 3;10 2:26
ESCI M 4.74 13.02 16.96 19.27
Range 0-16 3-21 10-21 10-21
SD 3.73 3.55 2.93 2.68
Study2 N 61 217 195 132
Age M 7,7 17;12 29;18 42:4
Range 0;17-11;27  12;0-23;27 24;0-35;22 36;4-4724
SD 3:17 3;12 3;12 317
ESCI M 4.66 11.50 16.01 19.05
Range 0-16 0-20 0-21 12-21
SD 4.09 3.98 4.39 2.07
Study3 N 23 23 16 22
Age M 7;29 16;29 30;15 41,29
Range 3,7-11.47 13;15-22;17  24;24-34;27 36;10-46;6
SD 2:14 3.2 32 30
ESCI M 5.35 11.26 16.69 17.86
Range 0-13 7-17 9-21 13-21
SD 3.56 2.70 2.94 2.77
Tasks M 1.65 348 5.19 6.68
Range 0-6 1-7 2-8 2-10
SD 1.82 1.83 1.97 2.19
Study4 N 4 14 15 30
Age M 9:10 18;17 29:17 42:17
Range 7;22-11;9 13;9-23;8 24;10-35;20  36;5-47;25
SD 1;14 3;10 323 3;15
ESCI M 6.00 12.71 17.40 19.57
Range 1-9 8-18 12-21 15-21
SD 3.56 2.95 2.59 1.43

we would need 210 participants for our final 21-item survey.
However, as our goal in Study 6 was to examine demographic
differences with small effect sizes, we would need a total of
787 children for a two-tailed small correlation (f= 0.1) with «
= 0.05, power = 0.8; for regression analyses including linear
regression, ANOVA, and ANCOVA (Faul et al., 2007).
Therefore, to be conservative we aimed for 600 participants
in Study 2, allowing for samples from Studies 1 and 2 to reach
787, accounting for attrition. We obtained surveys for 605
children in Study 2. Participants were recruited as in Study
1. All participants completed a demographics survey (see
Table 2). There was no reward for participation, unless partic-
ipants repeated the survey 6 or 12 months later, or the child’s
other parent also completed the survey (see Study 5).

Measures

Parents completed the final 21-item ESCI as described in
Study 1 on their own computer through www.

@ Springer

babylovesscience.com; or through Qualtrics via a laptop in
the lab while their child participated in an unrelated study.

Results

See Table 3 for the descriptive statistics for children’s ages
and ESCI scores, by year. Internal reliability for Study 2 (N =
605) on the 21 items of the ESCI was excellent, KR20 = 0.93.
This suggests that the 21 items form a coherent scale to cap-
ture early social cognition. We then performed an exploratory
factor analysis for binary items in R (Starkweather, 2014)
using the psych package (Revelle, 2014) with a two-factor
structure, as in Study 1. This accounted for 76% of the vari-
ance. Table 1 shows the factor loadings for each item (in
brackets). All 21 items loaded onto Factor 1 at a weighting
of.39 or more, which accounted for 66% of the variance of the
model. Seven items loaded positively onto Factor 2 at a
weighting of .33 or more, while five items loaded negatively
on Factor 2 at a weighting of — 0.32 or less, which accounted
for 10% of the variance of the model. Five of the seven items
which had a factor loading greater than 0.30 or lower than —
0.30 in Study | were again captured in Study 2 for Factor 2,
however Study 2 captured more items overall, perhaps due to
the larger sample size. Compared to Study 1, again, Factor 1
represented social cognition more generally, while Factor 2
represented age, with items loading more positively onto
Factor 2 being passed at younger ages; and items loading more
negatively onto Factor 2 being passed at older ages.

Discussion

Study 2 replicated the internal reliability and factor structure
found in Study 1. Therefore, the ESCI appears to consistently
work. However, we also wanted to determine whether the
ESCI correlated with an external social cognition measure.
Therefore, in Study 3, we compared a separate sample of
children’s scores on the ESCI to their performance on a bat-
tery of researcher-administered social cognition tasks.

Study 3: Convergent validity

Method
Participants

A power analysis found 84 children were needed to detect a
two-tailed medium correlation (» = 0.3) (Tahiroglu et al.,
2014) with a = 0.05, power = 0.8 (Faul et al., 2007).
Participants were recruited through Bounty packs within
Sheffield, United Kingdom, press releases, and Facebook ad-
vertising within Sheffield, United Kingdom; and their
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demographic details can be found in Table 2. This sample was
selective as additional children were not included because
children did not want to participate (e.g., stating they did not
want to play the game, or e.g., crying for younger children; N
= 26; 16 male, 10 female; M age = 22;14; SD = 10;1).
Additional children were not included due to technical prob-
lems with the videos (N = 3), or experimental error (N =2). All
participants completed a demographics survey (see Table 2).
Children received a book for participating.

Measures

ESCI Parents completed the final 21-item ESCI through
Qualtrics on a laptop in the lab before their child participated
in the social cognition tasks.

Social cognition tasks Children participated in 11 different
short researcher-administered tasks to measure young chil-
dren’s social cognition. Tasks were ordered from those that
the youngest children should be able to complete, to those the
oldest children should be able to complete, based on past
literature. If children clearly failed three tasks in a row, the
session was ended early, but participant data was still retained
for analyses, and scores were based on the tasks completed to
that point. For instance, if a child passed the 1°* and 3" task,
and then failed tasks 46, the experiment ended, and their total
score would be 2. This was because our study included chil-
dren from a wide age range, from 3 to 47 months. Therefore,
we did not expect, e.g., children under 1 year, to perform well
on later tasks (e.g., answering verbal questions), and used this
rule to end the session early when children clearly could not
proceed, so as to avoid any stress for participants. All tasks
were video recorded and coded from video.

Task 1: Joint attention (Carpenter, Nagell, et al., 1998) (previ-
ously all children passed at 9 months) This task examined
whether children alternate gaze between a person and object.
The experimenter played with a toy watering can in silence
while the experimenter alternated her gaze between the child
and the object. The episode lasted around 15 s or until the
child looked from the object to the experimenter’s face and
back to the same object. Children scored one point if they
looked from the object to the experimenter’s face and back
to the same object, thus coordinating attention to both the
adult and the object.

Task 2: Own intention (Carpenter, Nagell, et al., 1998) (previ-
ously all children passed at 9 months) This task was used to
measure whether children intentionally remove an obstacle to
reach a target object. A toy goat was placed on the table in
front of the child. A transparent plastic box was positioned
upside down over the toy such that the child could see the toy
but could not obtain it without moving the box. Then the

experimenter said, “Can you get the toy?” and waited up to
10 s for a response. If the child did not succeed, the experi-
menter repeated the verbal prompt one more time. Children
scored one point if they removed the obstacle.

Task 3: Pointing (Camaioni et al., 2004) (previously children
passed at 11 months) This task was used to determine wheth-
er children would point to share attention with another person.
The experimenter made a toy bird fly around for 10 s. The
experimenter hid the bird behind her back, so that the child
could not see it. The experimenter said, “What happened?”
and waited up to 5 s for a response. If there was no response,
the experimenter repeated the question and waited for up to
another 5 s. Children scored one point if they pointed to the
object or gave a verbal cue asking for it.

Task 4: Point following (Carpenter, Nagell, et al., 1998) (pre-
viously children passed at 11 months) This task measures
whether children look where an adult points. The experiment-
er gave the child a toy carrot to play with. Then the experi-
menter put two different cubes in two separate locations on the
table. The experimenter pointed to one of the cubes with her
right hand while alternating her gaze between the child’s eyes
and the target cube. The experimenter’s pointing continued
either until the child fixated on the shape or once around
10 s had passed. Children scored one point if they first looked
to the toy that the experimenter pointed to.

Task 5: Gaze following (Carpenter, Nagell, et al., 1998) (previ-
ously children passed at 11 months) This task measures
whether children look where an adult looks. The experimenter
gave the child a blue dog toy to play with. Then the experi-
menter put two blocks in two separate locations on the table.
The experimenter turned her head between the child and one
of the blocks up to ten times. The experimenter’s head turns
continued either until the child fixated on the target block or
until the ten head turns were complete. Children scored one
point if they looked to the block that the experimenter gazed at
first.

Task 6: Mimicry (Carpenter, Nagell, et al., 1998) (previously
children passed at 12 months) This task measures whether
children copy arbitrary actions. The experimenter patted the
plastic box with her hand several times and smiled. The ex-
perimenter oriented the box toward the child and said, “Can
you do that?” and gave the child around 5 s to copy. If there
was no response, the experimenter repeated the action one
more time and waited for another 5 s. Children scored one
point if they reproduced the modelled action.

Task 7: Imitation, intentions, mistakes (Carpenter, Akhtar,

et al., 1998; Carpenter, Nagell, et al., 1998) (previously chil-
dren passed at 12 months) This task measures whether

@ Springer
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children copy intentional actions, and avoid accidental ac-
tions. The experimenter flapped the top of a box and said
“Whoops!” then pressed the purple button on the front of the
box and said “There!” Then the experimenter waited for the
flap to mechanically open showing a fish. The experimenter
said, “Can you make it work?” and waited around 5 s for a
response. If there was no response, the experimenter repeated
the question and waited another 5 s. Children scored one point
if they reproduced the intentional action, but not the accidental
action. If children clearly were attempting to reproduce the
intentional action but were unsuccessful owing to lack of
strength/dexterity, they were given credit for reproducing that
action.

Task 8: Desires (Repacholi & Gopnik, 1997) (previously chil-
dren passed at 18 months) This task measures whether chil-
dren are aware of others’ desires. Two plates of food (broccoli
and crackers) were presented and the experimenter said, “Try
these!” and waited while the child tried. First, the experiment-
er tasted the child’s preferred food and acted disgusted and
said, “Eww!” Second, the experimenter tasted the other food
and said, “Yum!” and looked happy. The experimenter placed
one hand, palm facing up, exactly between the two plates and
said, “Can you give me some?”” and waited for around 10 s.
The experimenter repeated the question twice if necessary.
Children scored one point if they offered their non-preferred
food to the experimenter, showing they understood the exper-
imenter’s desires, not just their own.

Task 9: Emotion (affective labeling task) (Denham, 1986) (pre-
viously children passed at 2 years) This task measures wheth-
er children are aware of others’ emotions. The experimenter
showed four pictures of children’s faces, with happy, sad,
angry and afraid expressions. The experimenter asked,
“How does this boy/girl feel?” and waited for around 10 s
for a response. Children scored one point if they identified
the correct emotions for at least three out of four pictures.

Task 10: Emotion (affective perspective-taking task, adapted
from Denham, 1986, previously children passed at 2 years)
This task measures whether children understand that people
can react emotionally differently than they themselves would
in the same situation. Four pictures of children’s faces were
placed in front of the child. The experimenter then used ani-
mal puppets to act through four scenarios — two in which the
puppet’s emotional reactions were expected based on what
occurred, and two in which the emotional reactions were un-
expected. For example, in one scenario, the experimenter used
a monkey puppet and said, “I have got an ice-cream, yay!”
while showing a picture of an ice-cream. The experimenter
asked the child, “How is the monkey feeling?” After each
question, the experimenter waited around 10 s for a response
and repeated the question if necessary. Children scored one
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Table 4 Spearman’s Rho correlations between individual researcher-
administered social cognition tasks, and total scores on the researcher-
administered social cognition tasks

Task r
Joint attention AT*
Own intention 54
Pointing 58%*
Point following .60*
Gaze following 52%
Mimicry 5%
Imitation, intentions, mistakes 718%
Desires S55%
Emotion: Affective labeling S53%
Emotion: Affective perspective taking S1*
Beliefs A42%
< .05

point if they correctly identified how the puppets felt for at
least three out of four scenarios.

Task 11: Beliefs (Sally- Anne task) (Baron-Cohen et al., 1985;
Wellman et al., 2001) (previously children passed at 4.5 years)
This task measures whether children understand false beliefs.
The experimenter introduced Sally and Anne, saying, “This is
Sally and this is Anne.” The experimenter asked the child their
names. “Who is she? Do you remember her name?” The ex-
perimenter then said, “Sally is putting the ball into her basket
and then hides behind me. Anne is moving the ball into her
own basket and leaves as well. When Sally returns, where will
she look for the ball?” The experimenter waited for around 5 s
for a response and repeated the question if there was no re-
sponse. Children scored one point if they pointed to the pre-
vious location of the ball or said the previous location.

Coding If children scored zero on three tasks in a row, coding
stopped, and we summed the number of trials children passed
up to this point for their final scores. This was to be consistent
with our study’s stop rule, explained earlier. Scores were
summed for an overall social cognition score. A second coder
coded 17 (20%) of the videos. Agreement was very good,
Intra-class correlation = 0.88.

Results

See Table 3 for the descriptive statistics for children’s ages
and ESCI scores, by year. Internal reliability for the 21 ESCI
items was again excellent, N = 84, KR20 = 0.93. All 11
researcher-administered social cognition tasks correlated with
the total social cognition score (all Spearman’s Rho r > .41, p
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< .001, see Table 4 for all correlations). Internal reliability
across the researcher-administered tasks was good, KR20 =
0.80. Total scores on the researcher-administered tasks corre-
lated strongly with the ESCI (Pearson’s r = .75, p < .001). A
bootstrapped partial Pearson’s correlation (1000 samples),
controlling for age in days (which was skewed), found a sig-
nificant medium to large correlation between the total scores
on the researcher-administered tasks and the ESCI (" = 41, p
<.001). There were no effects of, or interactions with, gender.

Discussion

Study 3 found that children’s scores on the ESCI correlated
well with their scores on a battery of researcher-administered
social cognition tasks, even when controlling for age.
This suggests the ESCI has convergent validity. Study 4
sought to determine whether parents were consistent in their
ESCI reporting. Therefore, a separate sample of parents com-
pleted the ESCI twice, 1 month apart to determine test-retest
reliability.

Study 4: 1-month test-retest reliability

Method
Participants

For test-retest reliability, a power analysis found 29 children
were needed for a two-tailed large correlation (= 0.5) (Mayes
etal., 1996; Tahiroglu et al., 2014), with o = 0.05, power = 0.8
(Faul et al., 2007). We aimed for 60 participants to account for
attrition at Time 2. Sixty-three participants were recruited
through the Cardiff University’s Centre for Human
Developmental Science database. Forty-six participants re-
peated the survey 1 month later (28 male, 18 female, Time 1
Mean = 31 months, 12 days; SD = 11;21; Range = 7;22—
47;25). However, we include demographic information for
all 63 participants in Table 2 as their Time 1 data was used
in Study 6. Participants were not paid.

Measures

ESCI Parents completed the 21-item ESCI on their own com-
puter through the website onlinesurveys.ac.uk. Four weeks
later they were emailed to repeat the survey on the same
website.

Results

See Table 3 for the descriptive statistics for children’s ages
and ESCI scores at Time 1, by year. On average, parents

completed the ESCI 1 month and 5 days after previously
completing it (N = 46; SD = 8.6 days; Range = 25 days to 2
months, 6 days). Total ESCI scores at Times 1 and 2 were
negatively skewed, therefore we used bootstrapped Pearson
correlations (1000 samples). ESCI scores at Times 1 and 2
were collinear (» = .932, p < .001). A bootstrapped partial
correlation (1000 samples), controlling for age at Times 1
and 2, found a significant very large correlation between the
ESCI at Times 1 and 2 (' = .789, p < .001). There were no
effects of, or interactions with, gender. We also examined
whether there was a difference in ESCI scores at Times 1
(M = 16.46, SD = 4.27) and 2 (M = 16.83, SD = 4.55).
There was no difference, bootstrapped paired-sample ¢ test
(2000 samples), p = .144.

Discussion

Study 4 demonstrated that parents showed very good test—
retest reliability over an interval of 1 month, even when con-
trolling for age. The goal of Study 5 was to determine whether
children’s scores remained stable over longer intervals: 6 and
12 months; and whether both parents gave similar scores to
each other (inter-observer reliability). We also examined
whether children’s scores increased significantly over 6- and
12-month time periods.

Study 5: Longitudinal stability &
inter-observer reliability

Method
Participants

For longitudinal stability, a power analysis found 29 children
were needed for a two-tailed large correlation (» = 0.5) (Mayes
etal., 1996; Tahiroglu et al., 2014), with o = 0.05, power = 0.8
(Faul et al., 2007). Six-month longitudinal stability was run
for a subsample of participants from Studies 1 and 2 (N = 140,
75 male, 65 female, Time 1 Mean =21 months, 16 days; SD =
12 months, 26 days; Range = 23 days to 47 months, 9 days).
Twelve-month longitudinal stability was run for another sub-
sample of participants from Studies 1 and 2 (N =39, 27 male,
12 female, Time 1 Mean = 13 months, 6 days; SD = 8 months,
24 days; Range = 1 month, 3 days to 30 months, 9 days). A
power analysis found 13 children were needed for a two-tailed
very large correlation (r = 0.7, since this is the minimum
acceptable level for inter-observer reliability), with o = 0.05,
power = 0.8 for inter-observer reliability between both parents
(Faul et al., 2007). Inter-observer reliability was evaluated for
a subsample of participants from Studies 1 and 2 (N = 36 pairs
of parents, 18 male children, 18 female children, child’s age
Mean =17 months, 5 days; SD = 12 months, 6 days; Range =
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1 month, 1 day — 44 months, 2 days for parent 1’s survey).
Either up to £2 was donated to charity (e.g., UNICEF) for each
survey that was repeated, or for when a second parent com-
pleted the survey; or participants received a £5 Amazon
voucher (or equivalent in their country).

Measures

ESCI For longitudinal stability, parents who originally
completed the ESCI through www.babylovesscience.
com were contacted by e-mail 6 and 12 months later
to repeat the 21-item ESCI on the same website. Parents
who originally completed the ESCI in the lab were
contacted by e-mail 6 months later to repeat the ESCI
through Qualtrics on their own computer. For inter-
observer reliability, parents who completed the ESCI
through www.babylovesscience.com were automatically
told when they submitted their survey that we were
looking for children’s other parents to complete the
survey as well. The other parent completed the survey
on www.babylovesscience.com.

Results
Longitudinal stability - 6 Months

On average, parents in the 6-month longitudinal stability sam-
ple completed the ESCI 5 months and 22 days after previously
completing it (N = 140; SD = 17 days; Range = 4 months, 25
days to 6 months, 26 days). Total ESCI scores at Times 1 and
2 were negatively skewed, therefore we use bootstrapped
Pearson’s correlations (1000 samples). ESCI scores at Times
1 and 2 were nearly collinear (» = .898, p < .001). A
bootstrapped partial correlation (1000 samples), controlling
for age at Times 1 and 2, found a significant very large corre-
lation between the ESCI at Times 1 and 2 (" =.700, p <.001).
There were no effects of, or interactions with, gender. We
also examined whether there was a difference in ESCI scores
at Times 1 and 2. Children’s scores were significantly higher
at Time 2 (M = 15.33, SD = 5.21) than Time 1 (M = 12.36,
SD = 6.44), using a bootstrapped paired-samples ¢ test
(2000 samples), p < .001.

Longitudinal stability - 12 Months

On average, parents in the 12-month longitudinal stability
sample (some parents are the same as the 6-month sample,
and some different) completed the ESCI 12 months and 22
days after previously completing it (N = 39; SD = 25 days;
Range = 11 months, 18 days to 14 months, 10 days). Total
ESCI scores at Time 2 were negatively skewed, therefore we
use bootstrapped Pearson’s correlations (1000 samples). Total
scores on the ESCI at Times 1 and 2 were very strongly
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correlated (Pearson’s = .802, p < .001). A bootstrapped par-
tial correlation (1000 samples), controlling for age at Times 1
and 2, found a significant large to very large correlation be-
tween the ESCI at Times 1 and 2 (" = .641, p < .001). There
were no effects of, or interactions with, gender. We also ex-
amined whether there was a difference in ESCI scores at
Times 1 and 2. Children’s scores were significantly higher at
Time 2 (M = 14.77, SD = 4.26) than Time 1 (M = 8.59, SD =
5.91), using a bootstrapped paired-samples ¢ test (2000 sam-
ples), p<.00l.

Inter-observer reliability

On average, where both parents completed the ESCI, they did
so 1.83 days apart (V = 36 pairs of parents; SD = 5.65 days;
Range = 0-24 days). Total scores on the ESCI for parents 1
and 2 were collinear (Pearson’s r = .960, p < .001). A partial
correlation, controlling for ages when both parents completed
the ESCI, found an almost collinear correlation between par-
ents’ surveys (= .871, p <.001). There were no effects of, or
interactions with, child gender.

Discussion

Children’s ESCI scores were relatively consistent after both 6
and 12 months, even when controlling for age, thus demon-
strating developmental stability (Bornstein et al., 2017).
Furthermore, children’s scores increased significantly over
both 6 and 12 months, thus demonstrating developmental
change (Bornstein et al., 2017). Additionally, when both par-
ents completed the ESCI, their scores were almost collinear.
Therefore, the ESCI shows good longitudinal stability and
inter-observer reliability. Finally, in Study 6, we pool data
across participants from Studies 1-4 to examine whether the
ESCI is internally reliable within different demographic
groups; to examine changes across ESCI items, and the
ESCI as a whole, by age; and to examine whether there were
any demographic differences.

Study 6: Demographics
Method
Participants

One of our goals in Study 6 was to examine demographic
differences with small effect sizes. Therefore, we would
need a total of 787 children for a two-tailed small correlation
(f=0.1) with « = 0.05, power = 0.8; for regression analyses
including linear regression, ANOVA, and ANCOVA (Faul
et al., 2007). Where we did not achieve these numbers due
to parents not always choosing to report demographic
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variables, e.g., income, we could still look for demographic
differences with 128 children for a two-tailed medium corre-
lation (f'=0.25) with o = 0.05, power = 0.8. For the following
analyses, we pooled data from all four samples from Studies 1,
2,and 3, and 4 (V= 1047, see Table 2).

Measures

ESCI See Studies 1-4.

Results
Reliability within different demographic groups

We first looked at whether the ESCI was internally reliable
within different countries for which we had at least 16 partic-
ipants. Internal reliability was excellent for participants in the
United Kingdom (N = 686, KR20 = 0.93), Australia (N = 133,
KR20 = 0.95), the United States (N = 103, KR20 = 0.95),
Canada (N = 25, KR20 = 0.96), and Trinidad and Tobago
(N =16, KR20 = 0.94).

We next looked at the ESCI’s internal reliability by par-
ents’ education level. The ESCI’s internal reliability was
excellent for participants who had a high school education
(N =118, KR20 = 0.93), community college (N = 64, KR20

Table 5 KR20 scores for each 2-month age grouping, from 0—47
months

Age (months) N Items 2-month KR20
0-1 17 5 —0.62
2-3 29 8 0.57
4-5 40 15 0.69
67 34 15 0.81
89 38 18 0.76
10-11 48 17 0.82
12-13 58 21 0.85
14-15 60 19 0.67
16-17 69 19 0.69
18-19 51 21 0.71
2021 44 18 0.67
22-23 51 16 0.73
24-25 52 21 0.73
26-27 40 20 0.65
28-29 52 19 0.76
30-31 49 18 0.78
32-33 46 17 0.65
34-35 29 13 0.69
36-37 36 17 0.68
38-39 35 15 0.78
4041 34 12 0.54
4243 32 12 0.27
44-45 41 16 0.49
4647 29 13 0.45

Note. ITtems indicates the number of items showing variability for each
age group.

=0.94), an undergraduate degree (N =387, KR20 = 0.93), and
a postgraduate degree (N = 460, KR20 = 0.94).

We next looked at the ESCI’s internal reliability by par-
ents’ ethnicity, where N was at least 16. The ESCI’s validity
was excellent for parents who were black (including parents of
mixed ethnicity, N = 26, KR20 = 0.94), East Asian (including
parents of mixed ethnicity, N= 18, KR20 = 0.88), South Asian
(including parents of mixed ethnicity, N = 16, KR20 = 0.89),
and white (N =901, KR20 = 0.94).

We next looked at the ESCI’s internal reliability by chil-
dren’s language. The ESCI’s validity was excellent for chil-
dren who were monolingual (N = 798, KR20 = 0.94), and
multilingual (N = 194, KR20 = 0.93).

Age of emergence

To determine whether the ESCI could be used with the youn-
gest and eldest age groups, we examined internal reliability for
each 2-month interval. We chose 2-month intervals because
that ensured we had at least N = 16 participants per group.
Within each age group, total ESCI score outliers were cut,
where outliers were more than 3 standard deviations from
the mean. From 4-5 up through 38-39 month groupings, in-
ternal reliability was acceptable, KR20 = 0.65 0.85 (see
Table 5). However, internal reliability was not acceptable un-
der 4 months or over 40 months, KR20 =— 0.62 to .57.

In order to get an idea of when each ESCI item emerges,
Appendix A shows the proportion of children reported to pass
each item in each 2-month age group. To give a clearer pic-
ture, we also collapsed all data from all studies (excluding
outliers, N = 1014) and ran stepwise binary logistic regres-
sions with each ESCI item as the dependent variable, and age
in 2-month intervals, age squared, and age cubed, as the inde-
pendent variables. We then plotted the predicted proportion of
children passing each item, by age (see Appendix A). Table 2
summarizes the age at which 25, 50, and 75% of children are
predicted to pass each item according to these models.

To give us a picture of expected socio-cognitive develop-
ment by age, Fig. 2 shows the mean total ESCI scores for each
2-month age group (excluding outliers), and we also plotted
95% individual confidence intervals (CI; calculated as 2 stan-
dard deviations above and below each mean). Where these
scores were impossible (under 0, over 21) we plotted the min-
imum (0) and maximum (21) scores instead. For each age
group, we are 95% confident that the mean score is above
the lower confidence interval, and may give an idea of when
children would show particular advances, delays, or differ-
ences, in socio-cognitive development. For example, in Fig.
2a, by 26 months, we are 95% confident that the mean score is
over 10 on the ESCI (based on the lower CI being 2 standard
deviations below the mean), suggesting that, the ESCI may
be useful for identifying children with socio-cognitive
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Fig.2 Mean ESCI scores with 95% individual confidence intervals (Cls)
for each 2-month age group (Fig. 2a) and predicted mean ESCI scores,
with predicted 95% individual Cls. Note See Table 5 for N for each age
group. We changed Cls below 0 to 0, and above 21 to 21 to remain within
the realm of possible scores

developmental differences, where children of this age score
much lower than 10.

To get a clearer picture of how the ESCI changes with age,
we also ran a bootstrapped linear regression with 2000 sam-
ples (as age was positively skewed, and ESCI scores were
negatively skewed) on the total ESCI score as the dependent
variable, entering age in 2-month intervals, then age squared,
and then age cubed, as the independent variables for all chil-
dren. The initial model found that while there were significant
effects of age and age squared, there was no significant effects
of age cubed, B = 0.000, p = .510. Therefore, we re-ran the
analysis without age cubed. The model, N = 1014, F(2, 1011)
=1996.60, p <.001, found age in months, B =0.869, p <.001,
and age in months squared, B =—.010, p <.001, both predict-
ed the ESCI. We then plotted the predicted ESCI scores of
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children, by age, as well as 95% individual confidence inter-
vals (see Fig. 2b). We plotted this figure to give a clearer idea
of what scores we might expect children to achieve at different
ages. For example, based on this prediction, we would expect
children to score at least 1 from 8 months, in line with the raw
data.

Demographic differences

We pooled data across all three samples from 4-39 months
excluding age outliers (NV = up to 832) to determine which
factors correlated with ESCI scores with a small effect size.
Since child age (2-month intervals) and the square of child age
were strong correlates of the ESCI, we always included these
variables in the models. We ran bootstrapped ANCOVAs
(2000 samples) with ESCI scores as the dependent variables;
child age and the square of child as covariates; and either child
gender, parent gender, language (mono or multilingual), sib-
lings, or country (where N at least 16 per country), as the
independent variable. The overall model including siblings
was significant, N = 810, F(3, 806) = 655.43, p < .001, 771,2
= .709, such that there were significant effects of age, F(1,
806) = 316.64, p < .001, 77},2 = .282, age-squared, F(1, 806)
=69.31, p <.001, np2 =.079, and siblings, F(1, 806) = 10.80,
p =.001, 77p2 = .013. Children with siblings had significantly
higher ESCI scores (unstandardized score controlling for age
and age squared: N=337; M =13.87,SD =4.53) than children
without (N =473, M =12.22, SD = 4.39). The overall model
for country was also significant, N = 896, F(5, 890) = 673.60,
p<.001, npz =.791, such that there were significant effects of
age, F(1, 890) = 861.66, p < .001, 77172 = .492, age-squared,
F(1, 890) = 262.32, p < .001, 771,2 = .228, and country, F(3,
890)=7.32,p<.001, npz =.024. Post hoc Bonferroni pairwise
comparisons found that Australian children (unstandardized
score controlling for age and age squared: N = 106, M =
10.23, SD = 4.99) scored significantly lower than American
children (p =.009, M = 12.91, SD = 5.74), British children (p
<.001, N =666, M = 14.22, SD = 4.92), and Canadian chil-
dren (p = .025, N = 24, M = 12.06, SD = 5.88). No other
differences were found between countries. None of the other
demographic variables were significant (child gender, N =
831, p = .225; parent gender, N = 832, p = .395; language,
N =801, p=.759). We also ran bootstrapped linear regression
models (2000 samples) with the ESCI as the dependent vari-
able; child age and the square of child age as independent
variables in step 1; and either parent age, parent education,
or childcare hours, as the independent variable in step 2. Since
we did not ask about childcare hours with our initial partici-
pants, we could only look for a medium effect size as N =474.
None of the demographic variables were significant predictors
ofthe ESCI (parent age, N = 812, AF(1, 809)=1.72, p = .190;
parent education, N = 815, AF(1, 812) = 0.53, p = .467;
childcare hours, N = 474, AF(1, 471) = 3.17, p = .076).
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Since we could only examine household income within coun-
tries, we could only look for a medium effect size of income
within the United Kingdom due to sample size, N = 377. We
ran bootstrapped linear regression models with the ESCI as
the dependent variable; child age and the square of child age
as independent variables in step 1; and household income in
step 2. Household income significantly improved the model
(see Table 6), such that the higher the household income, the
higher the child’s ESCI score, controlling for age and age
squared.

Discussion

The ESCI had internal reliability across a variety of demo-
graphic groups including country, parents’ education, parents’
ethnicity, and children’s language (mono- or multi-lingual).
Looking at smaller age intervals, the ESCI showed internal
reliability from 4-39 months. There were some demographic
differences. As expected, children scored higher on the ESCI
as they aged. Australian children were reported to have sig-
nificantly lower ESCI scores than American, British, and
Canadian children. Furthermore, children who had siblings
had higher scores than children who did not, and ESCI scores
increased with household income in the United Kingdom.

General discussion

Our aims were to construct and evaluate a short parent-report
measure of social cognition appropriate for children from birth
to 47 months. The current study found evidence of convergent
validity and reliability of the 21-question ESCI as a measure
of social cognition. The survey showed high internal reliabil-
ity across separate groups of parents, and this extended to
parents from different countries (Australia, United Kingdom,
United States, Canada, Trinidad and Tobago), different edu-
cational backgrounds (from high school through postgraduate

degrees), different parent ethnicities (Black, East Asian, South
Asian, and White) and different age groups (4-39 months).
The survey also showed good test—retest reliability at 1 month,
and good longitudinal stability at both 6 and 12 months, as
well as good inter-observer reliability between parents.
Finally, the ESCI showed good convergent validity. The
scores between the ESCI and objective measures of social
cognition administered by a researcher demonstrated that par-
ents are accurate reporters of socio-cognitive development,
and conversely, that researcher-administered social cognition
tasks are good at capturing everyday socio-cognitive
development.

An important aspect of the ESCI is that it captures socio-
cognitive development from 4 through 39 months. The fact
that the ESCI repeatedly shows good internal reliability
through high KR20 scores suggests that social cognition can
be captured by items covering a range of socio-cognitive con-
cepts. This converges with previous research (Carpenter,
Nagell, et al., 1998; Hutchins et al., 2012; Tahiroglu et al.,
2014; Wellman & Liu, 2004), but extends it, as it shows that
socio-cognitive development can be measured across a greater
range of socio-cognitive skills, all the way from 4 through 39
months. While we found a two-factor structure to the ESCI,
the first factor reflected social cognition more generally, while
the second factor reflected age, which is not surprising, as the
ESCI aimed to track development. The factors did not cluster
into meaningful groups, such as understanding beliefs or
intentions.

The ESCI adds to previous parent-report measures of social
cognition as it can be used as early as 4 months while other
surveys focussing on social cognition and pragmatics cannot
be used until 18 months or later (CSUS, ToMI, the Language
Use Inventory, LUI) (O ' Neill, 2007, 2009; Tahiroglu et al.,
2014). The ESCI shows that parent report measures of social
cognition are accurate in early infancy, with only 21 ques-
tions, taking less than 5 min. This survey therefore provides
researchers with a new, efficient, and valuable tool to assess

Table6 Bootstrapped linear regression model fitting age (in 2-month intervals) and age squared in step 1; and household income in step 2; to the ESCI,

for participants from the United Kingdom only

Model F Model p R’ B P

1 (2,375)=553.64 <.001 147
Child age (2-month intervals) 970 <.001
Child age squared -.012 <.001

2 Change:

(1,374)=5.28 .022 .004

Child age (2-month intervals) 983 <.001
Child age squared —.012 <.001
Household income 7.083E°° .045

Note. B is a non-standardized coefficient.
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social cognition early on, while many aspects of social cogni-
tion, such as joint attention, pointing, and imitation, are still
developing.

An advantage of a short parent-report measure is that it
allows us to more easily collect data from a large number of
participants in a short time frame. One study looking at 100
years of social psychology research found that the average
effect size for social psychological effects is » = .21 (Richard
etal., 2003). Therefore, to get the average effect size requires a
sample of at least 175 participants, with o = 0.05, power = 0.8
(Faul et al., 2007). Given that this is just an average, around
half of social psychological effects would require an even
larger sample size to detect. While it is not clear whether
developmental psychological effects have the same average
effect size, our demographic analyses included samples of
over 1000 participants giving us enough power to test for
smaller effect sizes. This gives us greater confidence of
both our significant and null findings. To individually test
a comparable sample of participants on a battery of
researcher-administered social cognition tasks would like-
ly require a dedicated full-time research assistant and lab
space for around 5 years in a mid-size city. Furthermore, to
acquire data from five countries would require a collabo-
ration across at least five labs. Using a parent-report mea-
sure is much more efficient.

Our results based on demographics found that, unsurprisingly,
older children had higher social cognition scores, consistent with
previous research (Hiller et al., 2014; Wellman et al., 2001;
Wellman et al., 2011; Wellman & Liu, 2004). Furthermore,
Australian parents reported lower levels of social cognition than
American, British, and Canadian parents, once age was
controlled for. This points to the possibility that children in
Australia either have lower rates of social cognition more
generally, or at least that parents perceive this. It is also
possible that Australian parents interpreted the questions
differently. This result counters that by Wellman et al. (2001)
finding that Australian children passed theory of mind tasks at a
significantly higher rate than American children. Children with
siblings scored higher on the ESCL This converges with research
showing that children with siblings pass Theory of Mind tasks
earlier than those without (Jenkins & Astington, 1996; Lewis
et al., 1996; Perner et al., 1994; Ruffiman et al., 1998). Finally,
within the United Kingdom, the higher the household income,
the higher children’s ESCI scores, converging with research sug-
gesting SES is positively correlated with researcher-administered
socio-cognitive measures (Cole & Mitchell, 1998), but diverging
from past research finding that household income generally did
not predict children’s researcher-administered social cognition
measures (Pears & Moses, 2003; Weimer & Guajardo, 2005).

Despite our large sample sizes, we did not find significant
results for other demographic variables including child gender,
childcare hours, parent age, parent gender, parent education, or
language (mono versus multilingualism, when we controlled for
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child age and child age squared). It is important to note that
participants from Samples 1 and 2 were self-selected through
responding to Facebook adverts and posts, an article on a parent-
ing website, and word of mouth. Therefore, they may not be
representative of their country, education level, or other demo-
graphic factors. However, a benefit of online recruitment is that
parents did not need to live in a university town to participate, nor
did they need several hours during typical working hours to take
time to participate in a study, suggesting these samples are more
likely broader and more representative than standard lab samples.
Indeed, the participants we recruited in our online studies were
more ethnically and educationally diverse on average than those
in our researcher-administered study. A post hoc analysis found
that while 14% of children recruited through www.
babylovesscience.com were from Black and Minority Ethnic
(BAME) backgrounds, in line with the 2011 United Kingdom
Census results for ethnicity (also 14% from BAME back-
grounds) (Office for National Statistics et al., 2016), only 6%
of children from our lab databases were from BAME back-
grounds. Similarly, while 18% of parents recruited through
www.babylovesscience.com did not have a university degree,
slightly fewer parents recruited through our lab databases
(15%) did not have a university degree. However, it should be
noted that only around 27% of United Kingdom residents had a
university qualification in 2011 (Office for National Statistics
et al., 2016), suggesting our participants’ education levels were
non-representative overall.

The ESCI provides a useful tool in a variety of research
situations. Future research can use the ESCI to control for
individual differences in social cognition for researcher-
administered tasks or survey-based studies where social cog-
nition might be relevant. Additionally, the ESCI can be used
to efficiently examine how social cognition might correlate to,
and predict, other areas of development, such as language,
play, or social behavior. Finally, our age predictions, based
on over 1000 participants, may be useful to educators, parents,
and practitioners for understanding patterns of atypical social-
cognitive development in children with neurodevelopmental
conditions or additional support needs. For instance, at 26
months, we are 95% confident that the mean is at least 1 on
the ESCI, suggesting children scoring 0 may need attention in
terms of a referral for diagnosis, consideration of developmen-
tal delay or difference, or additional parental or educational
input. Indeed, our raw data found that all 52 children in the 26-
27 month age range scored at least 8. While larger sample
sizes and replication would be needed to use the ESCI in this
way, it shows good potential for this purpose.

Limitations

There are several limitations with the ESCI. First, it does not
work very well for children under 4 months, or over 39
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months. This is likely due to the low number of items with
variability in each of these age ranges (see Table 5). A related
limitation is that the ESCI does not cover all socio-cognitive
skills in the age range. For instance, our items did not includ-
ing emotion mimicry (Isomura & Nakano, 2016) or humor (O
' Neill, 2007; Tahiroglu et al., 2014). Therefore, the ESCI
really captures a subset of socio-cognitive skills, rather than
social cognition as a whole in this age range. This was in part
intentional, as we wanted the survey to be short and efficient.
However, future research could examine whether the ESCI
could be broadened by including a wider array of socio-
cognitive skills so that social cognition is better captured over-
all, particularly focussing on items that show variability under
4 months and over 39 months.

A second limitation of the ESCI is that some of the items
may be worded in a manner that is confusing for parents, and
asking “Yes/No” questions may lessen the sensitivity of the
ESCI. While we showed good internal reliability across coun-
tries and parent education level, it is still possible that some
items, such as those involving the Latin term “e.g.,” might be
confusing for parents. Furthermore, since Australian parents
scored their children lower than children in Canada, the
United Kingdom, and the United States, it is possible that
Australian parents interpreted the questions differently.
Future research should interview parents to determine whether
items make sense to them (DeVellis, 2017). Finally, in future,
we could test whether using a Likert scale may better capture
individual differences and reliability for the ESCI. This may
be particularly useful for including children over 39 months,
who were at ceiling on several items.

A final limitation is related to sampling. First of all, as we
could not include children who refused to participate in the
researcher-administered tasks in Study 3 (N = 26), we may
only have included a certain type of child, e.g., those who
were better at socio-cognitive tasks overall, or those who were
e.g., more outgoing. This could have affected the results of
Study 3 as the sample may have been self-selected by individ-
ual differences. Similarly, as some developmental differences,
such as autism spectrum disorder (ASD), are generally not
diagnosed early on (Landa & Garrett-Mayer, 2006), our sam-
ple may have included children with developmental differ-
ences. If this is the case, this could have changed our factor
structures, reliabilities, or demographic results. However, a
benefit of the ESCl is that it could potentially in future be used
to look at differences between children with typical develop-
ment and developmental differences, such as ASD, or could
be examined in conjunction with other individual difference
measures, such as temperament (Putnam et al., 20006).
Additionally, we did not consider the type of parents who
completed the ESCI. For instance, Parent et al. (2010) discuss
how parents with depression may be less mindful in their

parenting. Therefore, if parents have depression, their answers
on the ESCI may not be as accurate. Although our high inter-
observer reliability between parents indirectly suggests both
primary and secondary caregivers are good at reporting.
Future research should examine how the ESCI works with
different populations of caregivers.

Conclusions

The ESCI is an efficient survey capturing a subset of socio-
cognitive skills. It is reliable for use in children from 4-39
months, and may be useful with children as young as birth,
or up to 47 months, when used within a wide age range. The
ESCI shows good internal reliability, a consistent factor struc-
ture, and good test-retest reliability, inter-observer reliability,
and longitudinal stability at 6 and 12 months. The ESCI may
be useful in future research to efficiently examine how socio-
cognitive development may link to other areas of develop-
ment, or to act as a control measure in socio-cognitive exper-
iments. Furthermore, with further development, it may be a
useful tool to identify children with different developmental
profiles than children with typical development.

Appendix A Age curves for each item

Item 1: Does your child follow where you look in order to
look at the same thing as you?
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Item 2: Is your child aware of other people’s motives? E.g.,
that they might give someone a gift in order to make them

happy.
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Item 3: Is your child aware of their own desires? E.g.,

Months

prefer chocolate over broccoli.
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Item 4: Is your child aware that other people may know the
same information they do? E.g., they know where a certain
book is kept, and they know their dad knows where that book
is kept too.
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Item 5: Is your child aware of other people ' s perspectives?
E.g., could they tell sometimes they can see something, but
someone else can’t, because it’s not in their line of sight.
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Item 6: Is your child aware of his/her own mistakes? E.g., if
s/he drops something by accident.

1.001

8 80

1=

o

o

>

¥ 60

(7]

L

>

s —Raw Data

s 407 __. Predicted

b= Probability

a

)

o 207
,OOri;llllllllllllllllllllll

02 4 6 810121416182022242628303234363840424446

Months

Item 7: Does your child perform actions intentionally? E.g.,
stack blocks on purpose, instead of by trial and error.
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Item 8: Does your child follow where you point to look at
the same things as you?
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Item 9: Does your child look back and forth between you and
an object, instead of only looking at you or only at an object?
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Item 10: Does your child understand that sometimes things

aren’t as they appear? E.g., something that looks hard might
feel soft.
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Item 11: Does your child copy others in order to achieve
the same goal? E.g., copying pressing a button to make a song
play on a toytpins.
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Item 12: Is your child aware that sometimes other people
don’t have the same beliefs as them? E.g., your child might
think dogs are the best animal, but they understand that their
sister thinks cats are the best animal.
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Item 13: Is your child aware of their own emotions? E.g.,
happy, sad, angry, etc.
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Item 14: Does your child point to get something from you?
E.g., to get a toy that is out of reach.
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Item 15: Does your child understand that sometimes other
people have different desires to themselves? E.g., other people
might like broccoli, even if they don’t.
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Item 16: Does your child point to share information with
you? E.g., point to show you a dog in the park.
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Item 17: Is your child aware of other people’s emotions?
E.g., happy, sad, angry, etc.
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Item 18: Is your child aware that other people may have the
same beliefs as them? E.g., that dogs are the best animals.
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Item 19: Is your child aware that sometimes other people
don’t know the same information they do? E.g., child might
know where a toy is, but dad might not.
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Item 20: Does your child understand what it means for

others to make mistakes? E.g., that they dropped a plate by
accident.
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Item 21: Does your child perform actions with specific
goals in mind? E.g., stacking blocks specifically to make a
house.
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Supplementary Information The online version contains supplementary
material available at https://doi.org/10.3758/s13428-021-01628-z.
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