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The search for genes involved in autism spectrum conditions (ASC) may have been hindered by the
assumption that the different symptoms that define the condition can be attributed to the same causal
mechanism. Instead the social and nonsocial aspects of ASC may have distinct causes at genetic,
cognitive, and neural levels. It has been posited that the core features of ASC can be explained by a deficit
in empathizing alongside intact or superior systemizing; the drive to understand and derive rules about
a system. First-degree relatives also show some mild manifestations that parallel the defining features of
ASC, termed the broader autism phenotype. Factor analyses were conducted to assess whether the latent
structure of empathizing, systemizing, and autistic traits differs across samples with a high (individuals
on the spectrum), medium (first-degree relatives) or low (general population controls) genetic vulnerability to autism. Results highlighted a two-factor model, confirming an empathizing and a systemizing
factor. The relationship between these two factors was significantly stronger in first-degree relatives and
the autism group compared with controls. The same model provided the best fit among the three groups,
suggesting a similar latent structure irrespective of genetic vulnerability. However, results also suggest
that although these traits are relatively independent in the general population, they are substantially
correlated in individuals with ASC and their parents. This implies that there is substantially more overlap
between systemizing and empathizing among individuals with an increased genetic liability to autism.
This has potential implications for the genetic, environmental, and cognitive explanations of autism
spectrum conditions.
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component. A range of twin studies have indicated substantially
higher concordance rates for clinical autism in monozygotic twins
when compared with dizygotic twins. Altogether, these findings
indicate strong genetic influences on ASC with a heritability
estimate of around 80%, (Ronald & Hoekstra, 2011). A recent
large scale family study suggests the recurrence rate for autism
within families is close to 20% (Ozonoff et al., 2011). This,
coupled with prevalence estimates of around 1% (Baron-Cohen et
al., 2009; Brugha et al., 2011), suggests a markedly increased risk
for autism within families, highlighting a strong influence of
genetic effects. There is also a growing body of evidence from
molecular genetic studies suggesting the involvement of multiple
genetic variants and loci in the development of these conditions
(Abrahams & Geschwind, 2008; Geschwind, 2011).
There is evidence to suggest that family members show mild
manifestations that parallel the defining features of autism, a
phenomenon termed the Broader Autism Phenotype (BAP; see
Sucksmith, Roth, & Hoekstra, 2011 for a review). With the development of quantitative psychometric instruments such as the Autism Spectrum Quotient (AQ; Baron-Cohen, Wheelwright, Skinner, Martin, & Clubley, 2001), that assess autistic traits on a
continuous scale, it is now possible to measure these subthreshold
autistic traits with more precision. Use of such scales in family
studies may provide insights into the genetic factors involved in
ASC and the familial risk for developing autism.

Autism spectrum conditions (ASC) are characterized by impairment in the development of communication skills and reciprocal
social interaction alongside the presence of unusually repetitive
behaviors and narrow interests (Diagnostic and Statistical Manual
of Mental Disorders, fourth edition, revised [DSM–IV–TR]; American Psychiatric Association, 2000). It is well established through
family and twin studies that these conditions have a strong genetic
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A multitude of studies have reported mild impairments in relatives of individuals with autism, particularly in the social and
communicative domains. For example, parents of individuals with
ASC have been shown to display more social and communication
difficulties, as measured by subscales of the AQ, as well as score
lower on measures of pragmatics (Piven, Palma, et al., 1997; Ruser
et al., 2007). Siblings also show difficulties in reciprocal social
interaction (Nadig et al., 2007; Toth, Dawson, Meltzoff, Greenson,
& Fein, 2007). Similarly, parents show some mild difficulties with
social cognition, as measured by neuropsychological tests (Losh et
al., 2009; Losh & Piven, 2007). Parents of children with an ASC
also perform lower than a control group on a task assessing the
ability to read complex emotional states from viewing the eye
region of the face (Baron-Cohen & Hammer, 1997; Losh & Piven,
2007), providing evidence for the BAP at a cognitive level.
Although the evidence for some of the nonsocial aspects of ASC
among relatives is more modest, a number of studies suggest an
elevated rate of stereotyped behaviors and circumscribed hobbies
in parents (Bolton et al., 1994; Briskman, Happe, & Frith, 2001;
Piven, Palmer, Jacobi, Childress, & Arndt, 1997). Some studies
suggest that first degree relatives of individuals with ASC may
also display the same “cognitive style” that leads to superior
performance on tasks where visual processing of local material is
advantageous, including the Embedded Figures Task (BaronCohen & Hammer, 1997; Bölte & Poustka, 2006; Happé, Briskman, & Frith, 2001) and the Block Design Task (Scheeren &
Stauder, 2008). However, findings related to tasks assessing local
processing styles have been somewhat inconsistent, both in clinical
groups (White & Saldaña, 2011) and in first degree relatives (see
Sucksmith et al., 2011 for a review).
There has been much debate around whether the triad of features
characteristic of autism (social impairments, communication impairments and repetitive behavior/narrow interests) are influenced
by the same genetic and environmental factors, or whether they are
somewhat independent. Happé and Ronald (2008) suggest that the
core features that define autism are largely “fractionable”; that is,
that they may have distinct causes at genetic, cognitive, and neural
levels. There are a number of family and twin studies that support
this notion, showing that although the three sets of features are
highly heritable individually, they are affected by largely independent genetic influences (Ronald, Happé, Bolton, et al., 2006;
Ronald, Happé, & Plomin, 2005; Ronald, Happé, Price, BaronCohen, & Plomin, 2006). Moreover, 10% of children in a large
general population study showed only social impairment, only
communication difficulties, or only repetitive and restricted interests (Ronald, 2006), suggesting these characteristics can also occur
in isolation.
Similarly, a review of factor analytic studies showed that, of the
seven studies included, six found evidence for multiple factors
underlying autistic features (Mandy & Skuse, 2008). Although the
total number of factors identified varied across studies, all studies
(see Constantino et al., 2004 for an exception) reported at least one
social-communication factor and all but one also reported at least
one distinct nonsocial factor (Mandy & Skuse, 2008). Taken
together, these studies suggest that partially distinct causal explanations should be sought for the social and nonsocial aspects of
ASC.
This hypothesis has so far mainly focused on features at a
behavioral level. However, there are a number of theoretical ex-
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planations that attempt to account for the features in autism at the
cognitive level. It has been suggested that these conditions are
associated with difficulties in executive function (Corbett, Constantine, Hendren, Rocke, & Ozonoff, 2009; Ozonoff, Pennington,
& Rogers, 1991; Russell, 1997), ‘weak central coherence’ (a
processing bias in which individuals focus on the local rather than
global features of an object), and “Theory of Mind” (the ability to
attribute mental states to oneself and others) (Baron-Cohen, Leslie,
& Frith, 1985).
The term “empathizing” extends the idea of Theory of Mind and
involves two components: the ability to attribute mental states to
oneself and others and the drive to respond with an appropriate
emotion to that mental state (Baron-Cohen, 2004, 2010). A different process, systemizing, is conceptualized as the drive to understand and derive rules about a system (Baron-Cohen, 2002). Systemizing allows an individual to predict the behavior of a system
and therefore to control it (Baron-Cohen, 2010). A system is
defined as anything that takes inputs and delivers outputs, and
includes everything from technical systems (e.g., a machine)
through to natural (e.g., the weather), abstract (e.g., mathematics),
social (e.g., a company), collectible (e.g., a library), and motoric
(e.g., a tennis top-spin) systems that the brain can analyze or
construct (Baron-Cohen, 2004).
According to the Empathizing–Systemizing (E-S) theory,
autism is best explained by a deficit in empathy alongside intact
or even superior systemizing (Baron-Cohen, 2004, 2010;
Baron-Cohen, Knickmeyer, & Belmonte, 2005; Baron-Cohen,
Wheelwright, Lawson, Griffin, & Hill, 2002). In this way, the
social and communication impairments seen in these conditions
can be accounted for by empathising, and the islets of ability,
repetitive behavior, and restricted interests or obsessions with
systems can be accounted for by an interest in systemizing
(Baron-Cohen, 2004, 2010). There is a large evidence base
suggesting that individuals with ASC show impaired performance on measures of empathizing and intact or elevated performance on tests of systemizing ability (Baron-Cohen, Richler,
Bisarya, Gurunathan, & Wheelwright, 2003; Baron-Cohen &
Wheelwright, 2004; Baron-Cohen, Wheelwright, & Jolliffe,
1997; Baron-Cohen, Wheelwright, Stone, & Rutherford, 1999;
Jolliffe & Baron-Cohen, 1997; Lai et al., 2011; Lawson, BaronCohen, & Wheelwright, 2004).
As yet it remains unclear the extent to which empathizing and
systemizing traits are related. Given that people with ASC tend to
perform poorly on tasks of empathizing and do well on tasks of
systemizing, an inverse correlation between the two traits would be
expected in this group, provided that these traits are assessed on
continuous scales that allow for sufficient variance within the
clinical group. However, it is less clear whether this inverse
association is linear across populations and would also apply to
nonclinical samples. The current study aims to assess the association between empathizing, systemizing, and social and nonsocial
autistic traits across three distinct samples, stratified by their
genetic risk for autism. This study reports on factor analyses
employed in three distinct samples comprising individuals with a
clinical ASC diagnosis (high genetic vulnerability), parents of a
child with ASC (medium genetic risk), and a general population
control group (low genetic vulnerability).
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Participants
Individuals with a clinical ASC diagnosis and parents of a child
with ASC were recruited via the participant database at the Autism
Research Centre at the University of Cambridge (www.autismresearchcenter.com). To account for any potential response bias, the
control sample was collected via a different portal at a general
(nonclinical) volunteer psychology research webpage (www.cambridgepsychology.com). Participants were included in the study if
they were 18 years and over and had completed all measures. The
individuals in the ASC group and the children of the parent group
were reported to all have received a formal ASC diagnosis from
experienced clinicians in recognized clinics.
Individuals in the parent group did not report having an ASC
diagnosis themselves. The control group was confined to individuals
who did not report any past psychiatric history. The total sample
consisted of 1034 individuals, comprising 363 individuals with ASC
(males ⫽ 193, females ⫽ 170, mean age ⫽ 36 years, SD ⫽ 11), 439
parents of a child with ASC (males ⫽ 141, females ⫽ 298, mean
age ⫽ 42 years, SD ⫽ 8), and 232 controls (males ⫽ 122, females ⫽
110, mean age ⫽ 33 years, SD ⫽ 10). 79.9% of the control group had
completed higher education, whereas 49.9% of the parent group and
54.0% of individuals with ASC had completed an undergraduate
degree.

Measures
Individuals registered in either of the above websites were asked
to fill out a range of well-validated questionnaires assessing empathizing, systemizing, and quantitative autistic traits. Participants
were able to complete the questionnaires in their preferred order.
The measures used are designed as dimensional quantitative measures of empathizing, systemizing, and autistic traits, in keeping
with the paradigm that autism is best represented along a spectrum
of symptoms. As these measures are not designed as clinical
instruments this allows for variance across the three sample
groups.
Empathizing and systemizing. The Empathy Quotient (EQ;
Baron-Cohen & Wheelwright, 2004) is a self-report measure of
empathizing. Items assess the ability to attribute mental states to
oneself and others and the drive to respond with an appropriate
emotion to that mental state. An example of an item assessing
recognizing the mental state of another is ‘I am quick to spot when
someone in a group is feeling awkward or uncomfortable.’ ‘I tend
to get emotionally involved with a friend’s problems’ is an example of an item assessing the drive to respond emotionally to
another’s mental state. The EQ is comprised of 40 statements
scored on a Likert scale including four response options: definitely
disagree, slightly disagree, slightly agree, and definitely agree. For
approximately half the items an “agree” response is in line with
high empathy abilities. On these items “definitely agree” responses
score two points and “slightly agree” responses score one point,
with “definitely disagree” and “slightly disagree” scoring zero.
The other half of the items are reverse-scored, as a “disagree”
response refers to better empathizing on these items. Scores range
from zero to 80 and follow a near normal distribution, with a
higher score reflecting increased empathizing ability. Adults with

high functioning autism or Asperger’s syndrome have been shown
to score significantly lower on the EQ than age-matched controls
(Baron-Cohen & Wheelwright, 2004).
The Systemizing Quotient-Revised (SQ-R; Wheelwright et al.,
2006) is a self-report measure of systemizing consisting of 75
statements with four response options: strongly agree, slightly
agree, slightly disagree, and strongly disagree. Scoring procedures
are equivalent to those described for the EQ. Scores follow a
continuous distribution ranging from zero to 150, with higher
scores reflecting stronger systemizing behavior. Items include
statements like ‘When I learn about a new category I like to go into
detail to understand the small differences between different members of that category,’ and ‘In math, I am intrigued by the rules and
patterns governing numbers.’ Individuals with autism score higher
on the SQ-R compared with age-matched controls (Baron-Cohen
et al., 2003; Goldenfeld, Baron-Cohen, & Wheelwright, 2005;
Goldenfeld, Baron-Cohen, Wheelwright, Ashwin, & Chakrabarti,
2007; Lai et al., 2011; Wheelwright et al., 2006).
Autistic traits. The Autism Spectrum Quotient (AQ; BaronCohen et al., 2001) is a self-report quantitative measure of autistic
traits. The AQ consists of 50 items assessing the core areas of
difficulty in ASC including impaired social skills, communication
difficulties, imagination and attention switching and a superior
attention to detail. Participants were asked to rate themselves on a
4-point Likert scale with response categories definitely disagree,
slightly disagree, slightly agree, and definitely agree. This study
used the raw scoring method (as detailed in Hoekstra, Bartels,
Cath, & Boomsma, 2008), with total scores following a normal
distribution ranging from 50 to 200 and a score of 200 representing
full endorsement of all autistic traits. Individuals with an ASC
show significantly higher scores on the AQ compared with the
general population (Baron-Cohen et al., 2001).
Recent evidence suggests that the AQ can be split into two
categories of items, reflecting a broad social interaction factor
comprising the social skills, attention switching, communication
and imagination items and an attention to detail factor (Hoekstra et
al., 2008). These two factors only correlate modestly and are
therefore useful in making the distinction between social and
nonsocial autistic traits (Hoekstra et al., 2008). The AQ was split
into these two subscales for the current analysis.

Analytic Strategy
There is a large evidence base suggesting that scores on the
measures included in this study are affected by sex (Baron-Cohen
et al., 2005; Baron-Cohen et al., 2011). The main focus of this
study was on the factor structure, not on sex differences in mean
scores, which have been studied for our measures of interest in
previous studies (see, e.g., Baron-Cohen et al., 2001; Hoekstra et
al., 2008; Sucksmith, Allison, Baron-Cohen, Chakrabarti, & Hoekstra, 2013; Wheelwright et al., 2006). To account for the effects of
sex as well as the potential confounding effect of age on the means,
variables were standardized via regression analyses in SPSS for
age and sex before analysis.
After standardization, a series of confirmatory factor (CFA)
models were specified and estimated in MPlus version 6.11
(Muthén & Muthén, 2010a) using the maximum likelihood estimator (Muthén & Muthén, 2010b). A one-factor model encompassing all measures of empathizing, systemizing, and autistic
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traits was fit for each of the three groups separately (Models 1–3).
After this a two-factor model was fit across the three groups
(Models 4 – 6). The EQ and the social interaction subscale of the
AQ (AQ_soc) were predicted to load on one latent “empathizing”
factor, whereas the scores on the SQ-R and the attention to detail
factor (AQ_att) were expected to load on a “systemizing” factor.
Scores on the social interaction subscale of the AQ (AQ_soc) were
reverse scored to enable ease of interpretation. Empathizing ability
is therefore indicated by high scores on the EQ and high scores on
the social interaction subscale of the AQ, whereas systemizing
ability is indicated by high scores on the SQ and on the attention
to detail factor of the AQ.
To assess the full range of models available, and to test whether
our hypothesized Empathizing-Systemizing model (tested in Models 4 – 6) provided the best fit, two further models were specified,
the first including the SQ-R and the social subscale of the AQ
(AQ_soc) on one factor, with the EQ and the attention to detail
factor (AQ_att) loading on a second factor (Models 7–9). The
second model included the EQ and SQ-R on the first factor and
both sections of the AQ loading on a second factor (Models
10 –12). Both models were fit across the three groups.
Models 1 to 12 were fit within the three individual groups to
allow for a different factor structure relative to genetic liability.
However, it is important to evaluate the equivalence of the parameters estimated in a CFA across groups (Brown, 2006). This can be
achieved within one model using multigroup CFA. Multiple group
models make it possible to pinpoint where any specific differences
across groups may fall (Brown, 2006). Therefore, to assess
whether these traits function differently among the three groups, a
further model was implemented, allowing all parameter estimates
to vary (Model 13). A further model in which the factor loadings
were constrained to be equal across groups was also implemented
(Model 14).
To test whether the same factor structure was identified for
males and females within each sample group, a further three
models were tested, with varying restrictions, across six groups
split by sex and genetic vulnerability. Model 15 contains a multigroup CFA allowing all estimates to vary across the six groups. A
second model was fit constraining the factor loadings to be equal
(Model 16). A final model restricted the factor correlations to be
equal for males and females as well as equal factor loadings across
the six groups (Model 17).
Model fit was evaluated using the following goodness of fit
statistics; Akaike information criterion (AIC; Akaike, 1987),
Bayesian information criterion (BIC; Schwarz, 1978), Sample size
adjusted BIC (SSABIC; Sclove, 1987), Root mean square error of
approximation (RMSEA; Steiger & Lind, 1980), Comparative fit
index (CFI; Bentler, 1987), and Tucker-Lewis index (TLI; Tucker
& Lewis, 1973). The AIC, BIC, and SSABIC are parsimonyadjusted indices used to examine model fit, with lower values indicating a better fit. It has been suggested that a RMSEA value ⬍0.05
indicates a close model fit, with values up to 0.08 suggesting a
reasonable error of approximation (Browne & Cudeck, 1993). Current
recommendations state that a CFI and TLI value ⬎ ⫽ 0.90 indicate
acceptable fit with values ⬎ ⫽ 0.95 indicative of very good fit to the
data (Brown, 2006; Hu & Bentler, 1999).
As well as taking into account the fit indices mentioned above,
evaluation of model fit also took into account the strength and
interpretability of the structural parameter estimates.
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Distribution of scores on the subscales of the AQ, the EQ and
SQ, standardized for age and sex, are given in Figure 1, showing
adequate coverage of the possible range of responses. Model fit
indices ascertained from the CFA models are given in Table 1. The
one-factor models displayed poor fit among the three groups. In
contrast, the two-factor model accounting for measures of systemizing and empathizing provided an excellent fit to the data within
all three groups (see Models 4 – 6). RMSEA values of 0 occur as
a result of a chi square value less than the number of degrees of
freedom (Kenny, Kaniskan, & McCoach, 2011). Similarly, CFI
and TLI values are also affected by the chi square statistic as well
as the degrees of freedom in the model (Brown, 2006). However,
these values are indicative of almost perfect model fit (Savalei,
2010). The further two-factor models (Models 7–12) displayed
poor fit among the three groups. Models 7 and 10 displayed a
correlation greater than 1 between the two factors, indicating that
there is no distinction between them. Similarly, fit statistics for
Models 8 and 9 fell under the required thresholds, suggesting that
the empathizing-systemizing two-factor model (tested in Models
4 – 6) described the data best in all three groups.
Multiple group analyses were conducted to assess for specific
group differences within the two-factor model where the EQ and
the social interaction subscale of the AQ (AQ_soc) load on the
latent “empathizing” factor, whereas the scores on the SQ-R and
the attention to detail factor (AQ_att) load on a “systemizing”
factor. Model 13 showed a good fit to the data, with a CFI and TLI
above 0.97. Although the RMSEA is larger than the cut-off recommended for model fit, this value is affected by the number of
free parameters in the model (Browne & Cudeck, 1993). Because
Model 13 includes more parameters, the RMSEA of this model is
relatively high compared with Models 4 – 6. Furthermore, with
limited degrees of freedom the RMSEA value is of less concern
given all other indices are strong and suggest a good fit (Brown,
2006). This is the case in Model 13 with CFI and TLI values
falling above the specified threshold.
A model in which the factor loadings were constrained to be
equal across the three groups (Model 14) resulted in a significantly
poorer fit compared to the fit of Model 13 (2 ⫽ 59.37, p ⬍ .001).
Therefore, Model 13, the two-factor model with equal form among
the three groups, allowing the factor loadings to vary, provided the
best fit to the data. Evaluation of Models 15 to 17 showed that the
model constraining the factor correlations to be equal across males
and females in each group (Model 17) provided the best fit to the
data, indicating that the factor structure obtained in Model 13 does
not differ when sex is taken into account.
Factor loadings, correlations, and confidence intervals for the
two-factor model taken from the Model 13 analysis are given
in Figure 2. All factor loadings were salient and statistically
significant (p ⬍ .05), reflecting that these measures are good
indicators of their respective factors. Parents scored lower on the
latent factor mean of empathizing than the control group (Mean
Difference ⫽ ⫺0.31, p ⬍ .01). However, there was no significant
difference between scores on the systemizing factor between the
parent and control groups. The ASC group showed lower scores on
the latent factor empathizing compared with controls (Mean difference ⫽ ⫺2.68, p ⬍ .01) and the parent group (Mean difference ⫽
⫺2.37, p ⬍ .01) as well as superior latent mean scores on system-
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Figure 1. A, Distribution of scores on the social factor of the Autism Spectrum Quotient. B, Distribution of
scores on the attention to detail factor of the Autism Spectrum Quotient. C, Distribution of scores on the Empathy
Quotient. D, Distribution of scores on the Systemizing Quotient Revised.

izing compared with controls (Mean difference ⫽ 1.01, p ⬍ .01)
and the parent group (Mean difference ⫽ 1.14, p ⬍ .01).
The correlation between empathizing and systemizing was significant among the three groups. The negative correlation between
the two factors was significantly stronger in both the ASC group
(r ⫽ ⫺0.61) and the parent group (r ⫽ ⫺0.57) compared with the
control group (r ⫽ ⫺0.22). However, the correlations between the
two factors for the ASC group and parent group did not differ (i.e.,
the confidence intervals for the correlations between empathizing
and systemizing in the parent and ASC groups overlapped).

Discussion
The current study examined the structure of autistic characteristics across individuals with a low, medium, and high genetic
vulnerability for autism. Results indicated that the two-factor
model provided the best fit across the three groups irrespective of
sex. This model comprises an empathizing factor including both
the EQ and the social behavioral and cognitive traits measured by
the AQ, and a systemizing factor including the SQ-R and the
“attention to detail” traits measured by the AQ. The latent empathizing factor and systemizing factor were inversely correlated in
all three groups. The factor correlations ranged from small to large,
providing support for the notion that the social and nonsocial
aspects of ASC may have distinct causes at a behavioral level
(Happé & Ronald, 2008; Ronald, 2006; Ronald, Happé, Bolton, et
al., 2006; Ronald, Happé, Price, et al., 2006).

Perhaps the most notable finding from the current study is the
difference in the strength of the inverse relationship between empathizing and systemizing among controls, first-degree relatives, and
individuals on the spectrum. The association between empathizing
and systemizing was substantially stronger in individuals with ASC
and parents of a child with ASC than in general population controls.
Although a definitive explanation for these associations cannot be
given without further research, there are a number of potential explanations why these constructs may be more strongly associated in
individuals with autism and their first-degree relatives.
First, individuals on the spectrum are given a diagnosis of an ASC.
This by definition includes symptoms from all three domains of social
impairment, communication difficulties, and repetitive behavior/narrow interests (American Psychiatric Association, 2000). Because systemizing and empathizing are cognitive explanations of autism, individuals with autism are likely to be both superior in systemizing and
weaker in empathizing. It is therefore not surprising that these two
factors are highly inversely related in this group, given that the
presence of all three core symptoms of autism make high systemizing
and low empathizing more likely. However, this account does not
apply to the parent group as these parents do not have a diagnosis of
ASC themselves and are therefore not directly selected to score high
on systemizing and low on empathizing.
An alternative explanation for our findings could be that empathizing and systemizing are highly correlated in individuals with
ASC due to cognitive strategies used by this group. Because of
their poor intuitive empathic abilities, individuals with autism may
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0.665

0.664
0.857
0.845

CFI

0.971

0.969

0.961

0.947

0.972

0.219

0.261

⫺0.875

0.295

0.189

1.006
1.005
1.003
⫺1.008

0.008
0.571
0.536

TLI

⬎1.0
⬎1.0
⬎1.0
⬎1.0
⬎1.0

103.04ⴱⴱ
63.92ⴱⴱ
ⴱⴱ

94.05ⴱⴱ
ⴱⴱ

74.75ⴱⴱ

70.50ⴱⴱ

54.17ⴱⴱ

90.63ⴱⴱ

31.26ⴱⴱ

70.69

93.86

⫺0.22
⫺0.57
⫺0.62
⬎1.0

r

1.45
0.87
0.75
100.44ⴱⴱ

101.87ⴱⴱ
110.06ⴱⴱ
84.73ⴱⴱ

2

16.33 (10)
p ⬎ 0.05
4.25 (3)
p ⬎ 0.05

59.3 (8)
p ⬍ 0.001

⌬2(df)

Note. AIC, Akaike information criteria; AQ_att ⫽ Attention to detail factor of the Autism Spectrum Quotient; AQ_soc ⫽ Social interaction factor of the Autism Spectrum Quotient; BIC, Bayesian
information criteria; CFI, Comparative fit index; EQ, Empathy Quotient; RMSEA, Root mean square error of approximation; SSABIC, Sample size adjusted BIC; SQ, Systemizing Quotient Revised;
TLI, Tucker-Lewis index.
ⴱⴱ
p ⬍ .001.

17

16

Multigroup models
including sex
15

14

Multigroup
models
13

12

11

10

9

8

One-factor
models
1
2
3
Two-factor
models
4
5
6
7

Model

Table 1
Fit Indices and Model Comparisons for the Alternative Factor Models of the Autism Phenotype
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Figure 2. A, Two-factor multigroup model for the control group. B,
Two-factor multigroup model for the parent group. C, Two-factor multigroup model for the ASC group. AQ_att ⫽ attention to detail factor of the
Autism Quotient; AQ_soc ⫽ social interaction factor of the Autism Quotient; CI ⫽ 95% confidence interval; EQ ⫽ Empathy Quotient; SQ ⫽
Systemizing Quotient Revised.

use systemizing strategies in empathy tasks. For example, when an
individual with ASC engages in an activity requiring empathizing,
they may use systemizing strategies to work out what particular
emotion or mental state is relevant to the situation and how to
respond appropriately. The use of such strategies may result in an
association between empathizing and systemizing, and as such
when attempting to measure empathy in this group we may actu-

ally be indirectly measuring the systemization of empathy. If this
strategy does not improve empathizing ability, the correlation
would remain strong and in a negative direction. However, if
systemizing is a helpful strategy and improves empathizing ability,
then it is likely to lower the negative correlation between empathizing and systemizing. Although the current study cannot identify whether such strategies are being used, our results call for
further research into the types of strategies used by individuals
with ASC in their approach to tasks of empathy.
Our findings suggest that there is a relatively stronger overlap
between empathizing and systemizing in individuals with a high
and medium genetic risk for autism compared with individuals
with a low genetic risk. This overlap could be attributable to
genetic and/or environmental influences. Although the design of
the current study did not allow us to examine the nature of the
association, we may consider possible genetic and environmental
mechanisms that may underlie the different associations between
empathizing and systemizing in groups of varying genetic risk for
autism.
One possible explanation for the high inverse association between empathizing and systemizing in the ASC and parent group
compared with the modest association found in people with no
relatives with ASC could be genetic heterogeneity. The genetic
risk for autism is thought to stem from a variety of different
sources, including common genetic variants with relatively weak
effects (Anney et al., 2010; Arking et al., 2008; Chakrabarti et al.,
2009) and rare gene mutations and copy number variations
(CNVs) with proportionally larger effects (Levy et al., 2011; Sebat
et al., 2007). Although this is not within the scope of the current
study, further investigation into whether common genetic variants
may help to explain the variation in empathizing and systemizing
traits in the general population is warranted. In contrast, rare CNVs
and gene mutations with a relatively large effect may be more
common in families affected by autism. Previous molecular genetic studies of autism show that rare CNVs thought to have a role
in autism etiology can occur de novo (i.e., a new mutation that was
not inherited from either parent; Sanders et al., 2011), but can also
be transmitted from parent to child (Levy et al., 2011). Further
research would benefit from assessing whether gene variants with
relatively large effects impact upon both systemizing and empathizing. Such heterogeneous genetic effects, although at present
speculative, could possibly explain the strong relationship between
empathizing and systemizing in individuals with ASC and parents,
compared with the small association observed in control samples.
Alternatively, there may be heterogeneous environmental influences on empathizing and systemizing across the three different
groups. As yet little is known about possible influences of environmental effects of autism, with peri and prenatal complications
one of the most consistently reported possible environmental risk
factors (Kolevzon, Gross, & Reichenberg, 2007). Future research
would benefit from direct assessment of the impacts of environmental factors on both systemizing and empathizing in samples
with varying degrees of genetic vulnerability for autism.

Limitations
The current study had a number of limitations. The study was
restricted in that the parent group contained a larger proportion
of mothers (n ⫽ 298) than fathers (n ⫽ 141), whereas the sex
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ratio was approximately equal in the other two groups. The sex
effects on the mean scores of the variables were accounted for
by standardizing for the effect of gender before conducting the
factor analyses. Sex differences in latent structure were also
explored, indicating that the factor structure obtained does not
differ by sex. However, larger numbers in each group would
serve to increase power for such types of comparisons. Second,
the ASC sample group consisted of high functioning adults with
an autism spectrum disorder. As is often the case in cognitive
studies of autism (Hoekstra & Whatson, 2010), our study design
using questionnaire self-ratings precluded the participation of
individuals at the lower functioning end of the spectrum. It is
less straightforward to test empathizing and systemizing in
individuals on the spectrum who also have intellectual disability. Nevertheless, some characteristics of low functioning autism, such as the relative talent (compared to other abilities) in
solving puzzles, a great interest in lawful systems, and increased attention to small changes in the environment all hint
toward a drive to systemize (Baron-Cohen et al., 2005), whereas
delays and deficits in Theory of Mind development, even when
compared with control children of similar mental age, suggest
empathy impairments also apply to the lower functioning end of
the autism spectrum (Abell, Happé, & Frith, 2000; BaronCohen, 1995). However, whether the factor structure between
empathizing and systemizing as found in high functioning individuals with autism in our study also generalizes to individuals on the spectrum with intellectual disability remains unknown.
The measures used in this study were all questionnaire based
and all concerned self-report. Future research should also incorporate cognitive performance measures and second person ratings
of empathizing and systemizing. Of further interest would be to
examine the extent to which other behavioral or psychiatric problems commonly found to be comorbid with autism (e.g., attention
problems) may moderate the association between empathizing and
systemizing.
Because the study was conducted using an online volunteer
register it was not possible to verify whether subjects met ASC
diagnostic criteria. However, it has been reported that diagnoses in
online volunteers are generally reliable (Lee et al., 2010). Furthermore, online data collection enabled the collection of data from a
large number of respondents from a representative sample. The use
of online research in this sample may also reduce selection bias
attributable to the user friendly and noninvasive nature of the
research and the difficulty that individuals on the spectrum or
those parents taking care of a special needs child may have in
attending a face-to-face laboratory setting. A possible drawback is
that the sample may have been overrepresented by participants
who feel comfortable using computers and are familiar with and
interested in taking part in online research.

Conclusions
The current study assessed the latent structure of empathizing,
systemizing, and autistic traits across individuals with a low,
medium, and high genetic vulnerability to autism. Our results
indicated that a two-factor model comprising a latent empathizing
and systemizing factor provided the best fit across the three
groups. The inverse relationship between both traits was substan-
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tial in people with high and medium genetic vulnerability, but only
modest in individuals with low genetic risk for autism. We speculate that the varying strength in the association between empathizing and systemizing across groups may be explained by differences in cognitive style and by genetic and possibly
environmental heterogeneity. However, further research is needed
to establish the impact and causality of these associations.
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