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Abstract

Purpose Empathy and systemising are traits that show on-average differences between autistic and non-autistic groups and
have informed major theoretical frameworks of autism. While these constructs have been researched extensively in older age
groups, no equivalent questionnaire-based measures exist for toddlers.

Methods Here, we developed and validated toddler (T) versions of the Empathy Quotient (EQ-T) and Systemising Quotient
(SQ-T) in 1,005 toddlers (572 males, 433 females) aged 1.5 to 4 years (mean=32.75 months). Parents completed these
online along with the Quantitative Checklist for Autism in Toddlers (Q-CHAT), which measures autistic traits.

Results Results indicated that (a) the EQ-T and SQ-T show good reliability, (b) EQ-T scores negatively predicted and SQ-T
scores positively predicted autistic traits, and (c) on average, EQ-T scores were higher in females (d=0.16), while no signifi-
cant sex differences were observed in SQ-T scores (d=—0.09).

Conclusion These newly validated measures open various further avenues to better understand the early profiles and devel-
opmental pathways associated with autism.

Keywords Toddlerhood - Development - Empathy - Systemising + Autism

Introduction

Autism is a set of neurodevelopmental conditions character-
ised by differences in social communication and interaction,
alongside differences in restricted and repetitive behaviours,
interests, or activities (American Psychiatric Association,
2013). Over the past decades, a considerable amount of
research has been dedicated to understanding the cognitive
profiles associated with autism. Two such domains — empa-
thy and systemising — have received substantial attention to
understand autism (Baron-Cohen, 2002). While these psy-
chological constructs have been extensively researched in
older age groups, the links between autism, empathy, and
systemising remain poorly understood during toddlerhood,
which is a critical period for the development of these traits.
Instead, much of the research focuses on older children and
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emotion (Baron-Cohen, 2004). While empathy is a com-
plex, multi-faceted construct, it is broken down into two
distinct but interrelated components. The first component,
cognitive empathy, is the ability to identify another person’s
thoughts and feelings (mental states). The second compo-
nent, affective empathy, is the drive to respond to another
person’s mental state with an appropriate emotion (Baron-
Cohen, 2004). These components of empathy promote pro-
social behaviours (a behavioural expression of empathy),
such as acts of kindness, helping, sharing, and the drive to
alleviate another’s distress (Ekman, 2004). Importantly, dif-
ferences in empathy are a core feature of several psychiatric
conditions, such as those with personality disorders (Baron-
Cohen, 2011, book), as well as neurodevelopmental condi-
tions, such as autism (American Psychiatric Association,
2013).

Empathy emerges in its most basic forms during infancy
and undergoes substantial development throughout early
childhood (Davidov et al., 2013; Hoffman, 1990). One
behaviour, emotional contagion, emerges during the first
year of life and involves infants responding to another per-
son’s emotional state with a similar affective reaction (Hat-
field et al., 1993). While it is not clear if this is empathy per
se, it certainly indicates a response to another person’s emo-
tional state and therefore may serve as a key developmental
precursor to empathy. At around age one, infants become
able to distinguish between their own emotional experi-
ences and those of others (self-other differentiation), which
subsequently supports the emergence of other-oriented
empathic responses. Due to advances in the development of
cognitive, motor, and social skills (Davidov et al., 2013), the
second year of life is a particularly important period for the
development of empathy (Davidov et al., 2013). At around
18 months of age, toddlers begin to display more complex
empathic behaviours, such as concern for others even when
they are not overtly displaying distress (Vaish et al., 2009).
Additionally, toddlers also begin to show various proso-
cial behaviours, such as helping, comforting, and sharing
(Roth-Hanania et al., 2011). Early instruments measuring
empathy therefore focus on aspects that are observable in
toddlerhood, such as emotional contagion, attention to oth-
ers’ feelings, and prosocial actions, which are considered
as key manifestations of early empathy (Davidov et al.,
2025). Individual differences in empathy are thought to also
emerge early in life, shaped by factors such as temperament,
emotion regulation, and parent-child interactions (McDon-
ald & Messinger, 2010).

Systemising, by contrast, is the drive to analyse, under-
stand, and construct systems (Baron-Cohen, 2004). This
involves identifying patterns or if-and-then rules, and apply-
ing these processes to anaylse, predict, control and construct
rule-based systems (Baron-Cohen, 2020). A system, in this
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context, can be anything that follows rules, ranging from a
mechanical system (e.g., a machine), a mathematical sys-
tem (e.g., number patterns), a natural system (e.g., weather
patterns), a motoric system (e.g., a dance routine), a social
system (e.g., a business), or a collectible system (e.g., clas-
sifying objects into categories).

Compared to empathy, much less is known about the
early development of systemising. Systemising may be
present in more basic forms during early development.
This may include, for instance, a motivation and curios-
ity to understand how basic systems (e.g., a light switch),
work through identifying simple if-and-then rules, or a
preference for structure and organisation (e.g., sorting toys
or blocks). Indeed, research has shown that the ability to
group objects based on shared features is present from early
infancy (Behl-Chadha, 1996). Additionally, infants show
rule- learning from the first year of life (Kirkham et al.,
2002; Marcus et al., 1999; Saffran et al., 1996), as well as
the ability to generalise previously learnt rules to novel situ-
ations (Gomez & Gerken, 1999). In even more basic forms,
there are individual differences in orienting towards systems
(e.g., a swinging pendulum) measured via visual prefer-
ences even at birth (Khan et al., submitted; Connellan et al.,
2000). Thus, early systemising may reflect a basic interest in
predictability, order, and rule learning. Higher-order cogni-
tive aspects of systemising, such as causal reasoning, may
continue to develop throughout childhood.

Empathy and systemising have been widely researched
in the context of autism. Autistic children show on-average
differences in aspects of social cognition such as theory of
mind (Baron-Cohen, 2000), emotion recognition (Uljarevic
& Hamilton, 2013), social attention (Chawarska et al., 2013;
Jones & Klin, 2013), and language development (Vogin-
droukas et al., 2022). Differences in these aspects of social
cognition and social attention have also been observed early
in development (Chawarska et al., 2013; Jones & Klin,
2013; Mundy & Newell, 2007). Within certain theoretical
frameworks, autism has been conceptualised as a cognitive
profile characterised by an increased drive to systemise and
a reduced drive to empathise (Baron-Cohen, 2002). Com-
pared to non-autistic people, autistic people, on average,
score higher on measures of systemising and lower on mea-
sures of empathising (Auyeung et al., 2009, 2012; Wheel-
wright et al., 2006). These patterns have been observed
across different age groups and measurement modalities,
including self-report questionnaires and behavioural tasks.
Differences are particularly pronounced on tasks assessing
cognitive empathy, while performance on tasks assessing
affective empathy are comparable between autistic and non-
autistic people (Rueda et al., 2015). Levels of empathy and
systemising also predict autistic traits within the general
population (Greenberg et al., 2018). It is therefore possible
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that individual differences in empathy and systemising may
be predictive of autistic traits in toddlerhood, although the
link between the three constructs remains under-researched
in early life.

Additionally, given that autism shows a higher preva-
lence in males (Loomes et al., 2017), the empathising-
systemising (E-S) theory has also been used to explain sex
differences in autism. On-average sex differences in the
general population are evident across both empathy and
systemising. Across various age ranges, females on aver-
age score higher on measures of empathy, while males score
higher on measures of systemising (Auyeung et al., 2009,
2012; Baron-Cohen, 2004; Goldenfeld et al., 2005; Green-
berg et al., 2018). Moreover, these differences have been
observed early in development, with parent-report measures
showing on-average sex differences in childhood (Auyeung
et al., 2009). Sex differences have also been observed in
attentional measures comparing social vs. non-social stim-
uli as early as the first day of life (Connellan et al., 2000). It
has therefore been proposed that on-average sex differences
in empathy and systemising may result in males having a
greater number of autistic as well as a greater likelihood of
receiving an autism diagnosis (Baron-Cohen, 2002).

Empathy and systemising are typically assessed using
self- or parent-report questionnaires. The Empathy Quotient
(EQ) and Systemising Quotient-Revised (SQ-R) are admin-
istered using a Likert-scale format, presenting a series of
statements describing real-life scenarios and interests that
capture empathy and systemising. On the EQ, items include
recognising others’ emotions, interpreting emotional
expressions, and showing appropriate emotional reactions.
On the SQ, items include interests in understanding how
systems work and collecting sets of objects or information
in categories.

Both the EQ and SQ-R have been extensively validated,
and, at present, these validated measures exist for chil-
dren aged 4 to 11 (Auyeung et al., 2009), adolescents aged
12—15 (Auyeung et al., 2012), and adults aged 16 and over
(Wheelwright et al., 2006). However, one key gap is that
there are no equivalent measures available for toddlers and
young children, limiting our understanding of how these
traits emerge and develop during this early stage of life.
The development of empathy is particularly rapid during
toddlerhood, and, by 18 months, comforting and helping
behaviours are observed in response to another’s distress
(Hoffman, 1990). Simultaneously, systemising traits may
also become apparent during this period as toddlers explore
and experiment with objects in the environment. Early sys-
temising traits may manifest as basic interests in patterns,
sorting and categorisation, and observing cause-and-effect
relationships. Importantly, autistic traits can also be mea-
sured by 18 months of age (Allison et al., 2008; Baird et al.,

2000), providing a critical window to investigate the early
links between autistic traits, empathising and systemising.

Developing early measurement tools is critical for gain-
ing a developmental understanding of empathy and syste-
mising. These can provide insights into when empathy and
systemising first emerge as measurable constructs, and when
they begin to show associations with autistic traits. An early
measurement tool could also ultimately have predictive
value by linking early empathising and systemising traits
to later cognitive, socioemotional, and neurodevelopmental
outcomes. However, validated questionnaire-based mea-
sures for toddlers remain limited (Sesso et al., 2021). Thus,
introducing such a measure has the potential to advance
research in the broader field of developmental psychology.

The primary aim of the present study was to develop
and conduct a preliminary validation of a toddler version of
the Empathy and Systemising Quotients (EQ-T and SQ-T)
for children aged 1.5 to 4 years. This may enhance under-
standing of the early cognitive precursors of autistic traits
and, in the long term, inform future research on improving
early identification tools. Objectives included: (a) to assess
the reliability as well as content and construct validity of
these new questionnaires, (b) to investigate the distribu-
tion of EQ-T and SQ-T scores in toddlers, (c) to examine
whether EQ-T and SQ-T scores are associated with autistic
traits in toddlerhood; (d) to assess sex differences in EQ-T
and SQ-T scores, and (e) to understand the development of
empathy and systemising across the 1.5 to 4 years age win-
dow. Based on the E-S Theory (Baron-Cohen, 2004) and
on prior research on the EQ and SQ, we hypothesised that
(a) the EQ-T will show negative associations with autistic
traits while the SQ-T will show positive associations with
autistic traits, and (b) females, on average, will score higher
than males on the EQ-T, while males, on average, will score
higher than females on the SQ-T.

Materials and Methods
Participants

The study received a favourable ethical opinion by the
Cambridge Psychology Research Ethics Committee (ethics
approval number PRE.2024.055 ) and informed consent was
obtained from parents prior to beginning the study. Ques-
tionnaires were completed by parents of n=1,005 toddlers
(572 males, 433 females) aged 18 to 48 months (M=32.75,
SD=9.86). This sample size was estimated via power cal-
culations and previous validations of the EQ and SQ (Auy-
eung et al., 2009, 2012). In most cases (97%), the mother
was the primary respondent. All questionnaires were com-
pleted online. Study advertisements were placed globally on
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digital platforms (e.g., Facebook ads, parenting threads) in
English-speaking countries (i.e., Australia, Canada, United
Kingdom, India, Nigeria, New Zealand, Pakistan, United
States, South Africa). Participants self-selected into the
study following these open recruitment advertisements. Fur-
ther demographic characteristics of the sample are reported
in Table 1. While completing initial participation, parents
were also invited to participate in an optional test-retest
phase, which took place 2—4 weeks after they completed the
initial questionnaires. A subset of parents indicated interest
in participating in the follow-up stage, of which parents of
37 toddlers (22 males, 15 females) completed the follow-up
measure (mean difference between timepoints=20.4 days).

Instrument Development

The EQ-T and SQ-T were developed by the study team,
which consisted of four experts in developmental psy-
chology (including three senior academics with PhDs in
developmental psychology and one doctoral researcher in
the area). A multi-method approach was used to establish
content validity in line with current best practices in psy-
chometric instrument development. First, relevant devel-
opmental frameworks were consulted to identify specific
behavioural manifestations of empathy and systemising in
toddlerhood. Empathising was defined as the drive to rec-
ognise the emotional states of others and respond to these
with an appropriate emotion. The questionnaire aimed to
integrate both affective and basic cognitive components of
empathy, alongside elements of prosocial behaviour. Addi-
tionally, developmental theories of empathy were reviewed
to identify age-appropriate manifestations of empathy in
toddlerhood, such as emotional contagion and prosocial
behaviours (e.g., comforting, helping, sharing) (Davidov
et al., 2013, 2025; Hoffman, 1990; Roth-Hanania et al.,
2011; Vaish et al., 2009). EQ-T items therefore assessed
domains such as noticing when others are upset, appropriate

Table 1 Participant demographic characteristics

%

Neurodevelopmental No 87.96
condition diagnosed or Autism 1.00
suspected ADHD 0.70
Speech or Language Delay 4.08
Other 6.27
Language ability No words 4.16
Single words 28.17
2-3 word phrases 40.85
Full sentences 20.27
Family history of neuro-  Yes 12.01
developmental conditions  No 87.99
(sibling or parent)
Preterm birth Yes 13.46
No 86.54
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emotional reactions to another person’s distress, and proso-
cial actions (e.g., helping, sharing). Systemising was defined
as the drive to analyse, predict, and construct rule-based
systems (Baron-Cohen, 2004). SQ-T items focused instead
on simple early manifestations of systemising, such as a
basic interest in patterns and categorisation (e.g., arranging
and sorting toys), a preference for predictability, exploring
how simple systems work, and rule-learning.

Next, to remain consistent with previously validated ver-
sions of the EQ, a review and adaptation of items from the
Child Empathy and Systemising Quotient was conducted
(Auyeungetal., 2009). Each item was reviewed and adjusted
based on our review of developmental theories to ensure
appropriateness for the target age group while maintaining
the core underlying construct being measured. Throughout
development, the research team critically discussed each
item’s relevance, clarity, developmental appropriateness,
and theoretical fit for the constructs under investigation.
Finally, mothers of n=21 toddlers were invited to com-
plete the questionnaires in reference to their toddlers using
snowball sampling. Mothers were asked to comment on the
developmental appropriateness of the questionnaire items,
their clarity and comprehensibility, and whether the exam-
ples provided were representative of their toddler’s behav-
iours. A comment box was provided for each item, along
with an option for open-ended general feedback at the end
of the questionnaire. The questionnaire was then refined
accordingly (e.g., minor alterations to the wording of some
items), though no major revisions were deemed necessary.

Measures

The EQ-T and SQ-T each contained 27 and 28 items
respectively, presented in full in Online Resource 1. They
assessed, in a four-point Likert-scale format, a child’s
empathising and systemising traits in everyday scenarios.
EQ-T items assessed developmentally appropriate aspects
of cognitive empathy (e.g., recognition of basic emotions in
others), affective empathy (e.g., responsiveness to another’s
distress), and pro-social actions (e.g., social responsivity,
helping, and sharing). The SQ-T assessed developmen-
tally appropriate systemising traits, such as an interest in
exploring and understanding simple systems, pattern iden-
tification, categorisation, and a preference for structure and
predictability.

To assess the construct validity of the EQ-T and SQ-T,
parents also completed the Quantitative Checklist for
Autism in Toddlers (Q-CHAT), an 18-item parent-report
questionnaire designed to quantitively measure autistic
traits in toddlers (Allison et al., 2008, 2021). The Q-CHAT
assesses various aspects of social-communication, as well
as repetitive behaviour and narrow interests. It is not a
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diagnostic questionnaire, but rather measures autistic traits,
which exist on a continuum across the entire population.
The Q-CHAT has previously been validated in large sam-
ples and shows good validity and reliability (Allison et al.,
2008, 2021). Higher scores are associated with increased
likelihood of later autism diagnosis, and the Q-CHAT also
shows sex differences, with higher on-average scores in
males compared to females. The Q-CHAT was used in the
current study to assess associations between autistic traits
and the EQ-T and SQ-T.

Parents were also requested to provide information on:
(a) their educational attainment and age; (b) their relation-
ship to the child (e.g., mother/father); (c) their child’s sex
assigned at birth; (d) neurodevelopmental conditions the
child, the child’s sibling, or parent has been diagnosed with
(e.g., autism or ADHD); (e) whether their child was born
pre-term; and (g) their child’s language development. Lan-
guage ability was assessed by asking parents: “Which of
the following best describes your child’s speech?” with the
response options: “My child does not use any words”, “My
child uses single words (e.g., “mama,” “no”, “ball”), “My
child uses 2—3 word phrases (e.g., “more milk”, “go to bed”,
“big car”), and “My child uses full sentences (e.g., “Can we
go to the park please?”); and (f) the toddler’s current age
(recorded to the precision of one month).

Scoring

Scoring of the EQ-T and SQ-T followed previous EQ and
SQ scoring guidelines (Auyeung et al., 2009, 2012). Parents
were asked to indicate how strongly they agree with each
statement with reference to their child by selecting one of
four options: “definitely agree”, “slightly agree”, “slightly
disagree”, or “definitely disagree”. In positively scored
items, the response “definitely agree” scored 2 points,
“slightly agree” scored 1 point, and “slightly disagree” or
“strongly disagree” scored 0 points. In reverse-scored items,
the response “definitely disagree” scored 2 points, “slightly
disagree” scored 1 point, and “slightly agree” or “definitely
agree” scored O points. A total of 13 items were reverse-
scored in the EQ-T, while 9 items were reverse-scored in
the SQ-10. The maximum score was 54 for the EQ-T and 56
for the SQ-T. Any questionnaires with incomplete responses
were removed from analysis. The scoring key is presented
in Online Resource 2.

Results
Item-Total Correlations

First, item-total correlations were assessed using Pearson’s
correlations to identify the relationship between each item
and the overall scale. These were computed separately for
the EQ-T and SQ-T. The recommended threshold of<0.3
was used to detect items that performed poorly in relation
to the overall scale (Hajjar, 2018). Correlations were<0.3
for one EQ item and four SQ items (see Online Resources
2). These items were removed, and all subsequent analyses
were conducted on the remaining items.

Score Distributions

Overall, a wide range of scores were observed for both the
EQ-T and SQ-T with no apparent floor or ceiling effects.
Both the EQ-T and SQ-T showed normal distributions (see
Figs. 1 and 2). Skewness (EQ-T=-0.03, SQ-T=0.09) and
kurtosis values (EQ-T=2.67, SQ-T=2.67) also fell within
acceptable ranges for both questionnaires. The mean EQ-T
score was 25.16 (SD=8.01) while the mean SQ-T score was
25.57 (SD=8.30). There was a weak yet significant, posi-
tive correlation between EQ-T and SQ-T scores (Pearson’s
r=0.134, p<.001).

Internal Reliability

As determined via Cronbach’s alpha and McDonald’s
omega, both the EQ-T (0¢=0.82, ®=0.82) and SQ-T
(0=0.80, ®=0.80) showed good internal reliability.

Test-Retest Reliability

In the subset of participants that completed the test-retest
follow-up, we computed intraclass correlations between the
two timepoints to examine test-retest reliability. Both the
EQ-T (ICC=0.80, p<.001) and SQ-T (ICC=0.81, p<.001)
showed good test-retest reliability.

Associations With Autistic Traits

Construct validity of the EQ-T and SQ-T were then assessed
via measuring associations with autistic traits using linear
regression. Of the n=1,005 parents who completed the
EQ-T and SQ-T, 89 parents did not complete the Q-CHAT.
As a result, analyses involving the Q-CHAT were con-
ducted on a subset of n=916 participants (516 males, 400
females, mean age=32.40 months, SD=9.76) with com-
plete Q-CHAT data. Sensitivity analyses confirmed that all
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Fig. 1 Density-scaled histograms depicting EQ-T and SQ-T Score Distributions
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Fig. 2 Associations between the EQ-T and SQ-T with the Q-CHAT depicted in scatterplots with fitted linear regression lines

the reported findings relating to the EQ-T and SQ-T were
replicated within this subset.

As hypothesised, both EQ-T and SQ-T scores were sig-
nificant predictors of Q-CHAT scores, with EQ-T scores
negatively predicting autistic traits (B=-0.67, SE=0.03,
p<.001, R>=0.25) and SQ-T scores positively predicting
autistic traits (B=0.18, SE=0.04, p<.001, R*=0.02). These
effects remained significant after controlling for age and
sex (EQ-T: B=-0.67, SE=0.04, p<.001; SQ-T: B=0.19,
SE=0.04, p<.001). There were no significant moderation
effects by sex for the EQ-T (B=0.13, SE=0.10, p=.210,
R?=0.12) or the SQ-T (B=-0.09, SE=0.10, p=.386,
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R2=0.02). As expected, however, sex differences were
also observed in the Q-CHAT scale (#914)=-2.15, p=.03,
Cohen’s d=—0.14), with higher scores in males (M=33.18,
SD=10.87) compared to females (M=31.61, SD=10.99).

Sex Differences

As hypothesised, independent sample t-tests indicated that
the EQ-T showed significant sex differences (t(1003)=2.47,
p=.014, Cohen’s d=0.16), with higher scores in females
(M=25.87, SD=8 .27) compared to males (M=24.62,
SD=7.76) (Fig. 3). However, the SQ-T showed no
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Fig. 3 Boxplots demonstrat-
ing sex differences in EQ-T and 50
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significant differences (t(1003)=-1.46, p=.145, Cohen’s
d=-0.09) between males (M=25.90, SD=8.12) and females
(M=25.13, SD=8.53) (Fig. 3).

Associations With Age

To assess the development of empathy and systemising
across the 1.5-to-4-year time window, we analysed Pear-
son’s correlations with age. While the EQ-T showed no sig-
nificant correlation with age (»=0.012, p=.705), the SQ-T
showed a small positive correlation with age (r=0.120,
p<.001).

Additional analyses computing “difference scores” and
“brain types” are reported in Online Resources 3.

Discussion

In the present study, we developed and conducted a prelimi-
nary validation and test of reliability of a toddler version of
the Empathy and Systemising Quotients in a large sample of
n=1,005 toddlers aged 1.5 to 4 years. Our findings indicate
that both measures demonstrate good internal reliability and
test-retest reliability. Additionally, both questionnaires sig-
nificantly predicted autistic traits in the expected directions
(Baron-Cohen, 2004), thereby demonstrating construct
validity. While empathising scores were, on average, sig-
nificantly higher in females, no significant sex differences
were observed in systemising scores at this age.

As hypothesised, EQ-T scores negatively predicted
autistic traits, while SQ-T scores positively predicted autis-
tic traits. These results align with a large body of literature
reporting that autistic traits are associated with a higher
drive to systemise and a reduced drive to empathise (Auy-
eung et al., 2009, 2012; Greenberg et al., 2018; Wheelwright
et al., 2006). Our findings extend this prior literature by
demonstrating that such associations are apparent as early
as toddlerhood. Moreover, EQ-T scores showed stronger

Sex Differences in EQ-T Scores

Sex Differences in SQ-T Scores

50
40
sex i sex
o 30
Female 2 1 Female
Ei Male E 20 E Male
10

Female Male
Sex

correlations with, and explained more variance, in autistic
traits compared to SQ-T scores, a trend that has also been
observed in prior studies (Greenberg et al., 2018; Wheel-
wright et al., 2006). This suggests that a reduced drive to
empathise may be more strongly linked to autistic traits than
an increased drive to systemise, particularly in toddlerhood.

To investigate the developmental trajectories of EQ-T
and SQ-T scores during toddlerhood, we examined their
associations with age. While no significant correlations
were observed between EQ-T scores and age, SQ-T scores
showed a significant positive correlation with age. This may
suggest that the aspects of empathy assessed by the EQ-T are
present and consistently observable from 18 months of age,
whereas systemising traits measured by the SQ-T may still
be emerging during this developmental period. This is likely
because systemising relies on several higher-order cognitive
abilities (e.g., executive function, working memory, causal
reasoning) that are still emerging during toddlerhood. On
the other hand, the lack of association between EQ-T scores
and age is consistent with the idea that basic empathy in tod-
dlerhood does not necessarily require the development of
higher-order processes, but relies instead on a rudimentary,
implicit understanding of the emotion and situation at hand
(Davidov et al., 2013; Decety et al., 2016).

As hypothesised, we found that females, on average,
scored significantly higher on the EQ-T compared to males.
This replicates prior findings in older age ranges and sup-
ports the account that observable sex differences in empathy
emerge early in life (Auyeung et al., 2009; Greenberg et al.,
2018). When using behavioural or observational measures,
sex differences in empathy have been observed even ear-
lier than 18 months (Rochat, 2023). These differences have
been attributed to both socio-cultural as well as biological
factors. For instance, early biological factors such as fetal
testosterone levels - which are higher on average in male
foetuses -show inverse associations with both parent-report
and behavioural measures of empathy in childhood (Chap-
man et al., 2006; Lutchmaya et al., 2002). Additionally,
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parental behaviours may also foster sex-differential sociali-
sation from early infancy (Clearfield & Nelson, 2006;
Endendijk et al., 2017; Fausto-Sterling, 2021), which likely
play an important additive effect in promoting early sex dif-
ferences in empathy.

On the other hand, no sex differences were observed
in SQ-T scores at this age. It is worth noting that, during
early development, females, on average, develop faster than
males across several cognitive domains (Etchell et al., 2018;
Krogh & Vever, 2019; Silverman, 2021). Given that vari-
ous aspects of systemising require higher-order abilities,
faster cognitive development in females may confound sex
differences in earlier ages. Thus, higher scores in males may
only emerge after their cognitive development ‘catches up’
with females, as is well-evidenced from age four onwards
(Auyeung et al., 2009, 2012). More specifically, sex dif-
ferences in more complex systemising may not be con-
sistently observable in early toddlerhood but may instead
emerge gradually as the cognitive capacities that support
such behaviours develop. Sex differences in systemising
may, nonetheless, manifest in more simpler forms in early
infancy, such as when assessed via attentional preferences
(Connellan et al., 2000).

We also found that the EQ-T and SQ-T showed a small
but significant positive correlation with one another. This
finding is contrary to what has previously been observed in
older children and adults, where the EQ and SQ are typi-
cally negatively correlated (Greenberg et al., 2018). It is
possible that this correlation is specific to early life and
may reflect shared variance attributable to broader cogni-
tive development. Both empathy and systemising are skills
that are continuously developing at this stage and rely, in
part, on broader cognitive abilities that are themselves under
development. As such, increases in general cognitive abili-
ties may be associated with parallel increases in both empa-
thy and systemising before differentiation becomes more
pronounced, potentially explaining the small correlation
observed between the two. There may also be other meth-
odological explanations for these results, such as shared
method variance, since both measures were completed by
the same parent. Similarly, it is possible that some par-
ents may have shown a general tendency towards positive
responding and therefore endorsed favourable statements
across both questionnaires.

Overall, our findings demonstrate that both the EQ-T and
SQ-T demonstrate good psychometric properties consistent
with current evaluation guidelines. Both measures dem-
onstrate good internal consistency and strong test re-test
reliability. Content validity was supported through expert
review, theoretical grounding within existing developmental
frameworks, and community engagement, while construct
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validity was evidenced by the expected associations with
autistic traits.

Limitations and Future Directions

There are a number of limitations to consider when inter-
preting the findings of this study. First, previous versions
of the EQ and SQ have been validated with both autistic
as well as non-autistic individuals, but this was challenging
within our age range of interest as few toddlers are diag-
nosed with autism. Moreover, those with an early autism
diagnosis might also experience co-occurring developmen-
tal and language delays and may not be representative of
the whole autistic population. Although we have established
validity using measures of autistic traits, it will be impor-
tant for future studies to verify whether group differences in
the EQ-T and SQ-T exist between autistic and non-autistic
toddlers.

Second, the response to the test-retest phase of the study
was low (n=36) and it is likely that this small subsample
may not be representative of the full participating sample
due to self-selection bias. As such, future follow-up stud-
ies with larger re-test samples will be pertinent to confirm
the test-retest reliability of the EQ-T and SQ-T. Moreover,
given that participants also self-selected themselves into the
study following open advertisements, the broader study is
also likely susceptible to self-selection bias. Third, all mea-
sures were based on single-informant parent report, which
may introduce shared method variance. It will be important
for future studies to incorporate multi-method and multi-
informant approaches to verify the construct validity of the
questionnaires. Fourth, while the study was only advertised
to a certain number of English-speaking countries, informa-
tion was not collected on the exact country of origin of each
participant, neither on whether the participant spoke English
as a first or second language. It is possible that there may be
cultural differences in empathy and systemising that can be
further investigated by future research. Finally, the present
study did not conduct a formal quantitative assessment of
content validity, which was instead established via a multi-
method qualitative approach. While such approaches are
commonly used in psychometric instrument development,
future work would benefit from incorporating a quantitative
content validity index based on ratings from field experts.

While this research represents a first step towards devel-
oping a questionnaire-based measure for empathy and
systemising in toddlers, there remain several avenues that
can be explored by future research. First, further work is
needed towards developing behavioural or performance-
based measures of empathy and systemising in toddlerhood.
This is particularly important for systemising, where such
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measures are presently limited despite holding the potential
to capture simpler forms of an early drive towards syste-
mising (e.g., interest in systems assessed via eye-tracking
tasks). Second, it is important for future research to pro-
vide further and more complete evidence for the validity
of the EQ-T and SQ-T by testing them against behavioural
or performance-based measures or other independent par-
ent-report instruments capturing related constructs. Third,
studies can examine the broader traits associated with early
empathising and systemising drives to understand the fac-
tors that facilitate and are facilitated by their development.
Relatedly, research may also explore the future outcomes
(e.g., future autistic traits) associated with early empathising
and systemising traits to assess their early predictive value.
Fourth, these early measures provide an opportunity to track
the developmental trajectory of empathy and systemising
from early childhood to adulthood, along with their relation-
ships with autistic traits and social, emotional, and cognitive
functioning over time. Finally, studies can also explore the
underlying neurobiological, genetic, or environmental cor-
relates of early empathising and systemising.

Conclusion

In summary, our findings indicate that both the EQ-T and
SQ-T demonstrate good internal reliability and test-retest
reliability. Since measures of these constructs are extremely
limited in toddlerhood, these questionnaires can now be used
to facilitate various avenues of further research in develop-
mental psychology. Importantly, the results demonstrate that
both the EQ-T and SQ-T are associated with autistic traits as
early as toddlerhood. This finding has two key implications.
First, this provides an insight into the early cognitive and
behavioural markers linked with autistic traits. Secondly, it
supports the clinical relevance of these questionnaires, and
aspects of the EQ-T and SQ-T may subsequently be consid-
ered for incorporation into early screening tools after further
validation. Cross-sectional developmental trends suggest
that empathy traits measured by the EQ-T are present at con-
sistent levels throughout toddlerhood. In contrast, systemis-
ing traits measured by the SQ-T tend to be higher in older
toddlers, particularly in males. While longitudinal research
is required to confirm these patterns, it is possible that the
measured aspects of empathy remain relatively stable from
18 months onwards, while systemising traits continue to
develop across toddlerhood. Sex differences were observed
in the EQ-T, supporting the notion that sex differences in
empathy emerge early in life. However, no sex differences
were observed in the SQ-T, potentially due to the confound-
ing impact of faster cognitive development in females. This
suggests that early sex differences in empathising are more

pronounced and may precede observable sex differences in
systemising.
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