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Abstract The broad autism phenotype implies the existence
of'a continuum ranging from individuals displaying almost no
autistic traits to severely impaired diagnosed individuals.
Recent studies have linked this variation in autistic traits to
several domains of functioning. However, studies focusing on
social-communicational traits associated with autism often
suffer from two problems. First, they examine very specific
behaviours, not taking the broad range of behaviours social
functioning is comprised of into account. Second, most stud-
ies compare individuals scoring at the upper and lower ex-
tremes of the continuum, neglecting the natural range of au-
tistic trait scores. The present study accommodates for these
limitations by examining the link between self-reported autis-
tic traits and a broad self-report measure of social functioning
across individuals exhibiting a natural range of autistic traits.
The results show that after tackling the discussed limitations,
autistic traits still predict the amount of social behaviour peo-
ple exhibit and the level of discomfort they experience when
doing so. The amount of social behaviour and the experienced
discomfort were especially related to autistic traits in the social
and attention switching domains. The findings were still sig-
nificant after controlling for the conceptual overlap with the
social domain of the autism measure. These findings support
the broad autism phenotype by showing how a continuous
measure of autistic traits is related to a continuous measure
of social functioning.
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Introduction

Although mental disorders are mostly diagnosed in a categorical
manner, practitioners and researchers have long recognised the
possibility of diagnosing across a dimension ‘in which the imper-
ceptible change from the realm of normal mental life to that of
obvious derangement takes place’ (Kraepelin 1917, p. 295).
Although the dimensional view has not won ground for most
disorders, the change from the fourth to the fifth edition of the
Diagnostic and Statistical Manual of mental disorders (DSM) did
allow for one disorder to be recognised as existing on a spectrum:
autism. While the DSM-IV-TR (American Psychiatric
Association 2000) used the term ‘autistic disorder’ and specified
five separate sub-groups, the DSM-5 (American Psychiatric
Association 2013) acknowledged that individuals with autism fall
on a spectrum according to their level of functional independence,
and changed the diagnostic name accordingly to ‘autism spectrum
disorder’ (ASD). Within this concept, individuals show varying
degrees of severity on the main symptoms: difficulties in social
communication, restricted and repetitive behaviour, preference for
sameness and routines and sensory abnormalities.

A strong extension of the dimensional approach for autism
concerns the autism spectrum hypothesis, which proposes a
broadening of the spectrum so that not only autistic traits in
the clinical population but also within the general population
are included (Bailey et al. 1998; Baron-Cohen et al. 2001;
Hoekstra et al. 2008; Wing 1988). This extension of the autis-
tic trait continuum into the general population implies the
existence of a broad autism phenotype: a continuum that
ranges from individuals who display almost no autistic traits
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to diagnosed individuals who are severely impaired. Every
single individual exists somewhere on that spectrum, and the
amount of autistic traits one exhibits is hypothesised to be
correlated with several domains of functioning, such as cog-
nition, motor skill and social functioning.

The concept of a broad autism phenotype was first sug-
gested by studies indicating that relatives of individuals diag-
nosed with ASD are more likely to express mild autistic traits,
regardless of diagnosis (see Bailey et al. 1998, for a review).
In addition, autism occurs more often in families of individ-
uals studying or working in fields that depend less on ‘folk
psychology’ (understanding of people’s behaviour and inten-
tions) but that do require advanced ‘folk physics’ (understand-
ing of objects in terms of their mechanical properties), such as
engineering, physics and mathematics (Baron-Cohen et al.
1997; Baron-Cohen et al. 1998). Further support for the exis-
tence of a broad autism phenotype comes from studies focus-
ing on genetics. An epidemiological study by Constantino and
Todd (2003) showed that relatives of probands with ASD have
higher chances of exhibiting autistic symptoms below diag-
nostic threshold, thereby supporting the proposition that au-
tism is not a discrete disorder. This was confirmed by gene
studies indicating that the genetic variants that put an individ-
ual at risk for autism are expressed as milder, qualitatively
similar characteristics that together form the broad autism phe-
notype (Piven 2001; Szatmari et al. 2007). What is inherited is
not necessarily clinically diagnosable ASD, but a broad phe-
notype that is characterised by a symptom continuity ranging
from typicality to autism. This explains why the disorder itself
is not often observed in family members, whereas sub-clinical
characteristics are (Bishop et al. 2004; Ruta et al. 2012;
Ruzich et al. 2016; Wheelwright et al. 2010).

Building upon the autism spectrum hypothesis, Baron-Cohen
et al. (2001) developed a brief, self-administered instrument for
measuring the degree to which an adult of normal intelligence
possesses autistic traits: the Autism-Spectrum Quotient (AQ).
The AQ has given impetus to a large amount of research exam-
ining the broad autism phenotype. Many studies show that a
higher degree of ASD traits in typically developing (TD) indi-
viduals predicts symptoms similar to but milder than those seen
in diagnosed patients, thereby supporting the view that autistic
traits are continuously distributed throughout the general popu-
lation. Most of this research has focused on the cognitive-
behavioural characteristics found in ASD. Similar to diagnosed
individuals (Shah and Frith 1983, 1993), TD individuals with
high-AQ scores are faster and more accurate on tasks measuring
visuospatial ability, such as the Embedded Figures Test and the
Block Design Task (Grinter et al. 2009; Stewart et al. 2009; but
see Scheeren and Stauder 2008). In addition, they perform well
on especially the visuospatial items of Raven’s Advanced
Progressive Matrices, indicating enhanced perceptual function-
ing (Fugard et al. 2011). Also, Figure-Ground visual skill scores
are positively correlated with (not AQ-measured) self-reported
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autism-like social features (DiCriscio and Troiani 2017). Meta-
analytic results also showed superior visual search within the
broad autism phenotype (Cribb et al. 2016). Furthermore, TD
individuals with more self-reported autistic traits showed a
Flanker task interference pattern similar to that of diagnosed
individuals, having stronger interference at higher perceptual
loads (Bayliss and Kritikos 2011; Remington et al. 2009).
Finally, the bias many individuals with ASD show towards re-
petitive behaviour and the motor problems that are often ob-
served in ASD also carry over into the general population
(Poljac et al. 2012; Ridley et al. 2011). However, not all findings
are supportive of the autism spectrum hypothesis. Especially
studies focusing on the link between executive functioning and
autistic traits in TD individuals are inconsistent (Kunihira et al.
2006; Maes et al. 2012; Ridley et al. 2011).

In contrast to the inconsistent findings in linking the amount
of autistic traits in TD individuals to their level of executive
functioning, studies focusing on the social domain have generally
been successful. One example concerns a study on loneliness and
social relationships in the broader autism phenotype. Jobe and
White (2007) showed that non-clinical students who score higher
on the AQ report having shorter duration friendships, lower mo-
tivation for making new friends and keeping old friends, and
experience more loneliness. Another social skill that has been
examined in light of the autism spectrum hypothesis is the ca-
pacity to infer someone’s disposition, using cues such as facial
expression and gaze direction. Focusing on the former, Poljac
et al. (2013) examined identification and interpretation of facial
expressions. They showed that TD individuals with a high-AQ
score were less accurate in recognising negative facial expres-
sions, such as anger, disgust and sadness. The high-AQ group
also showed decreased sensitivity, as they not only were less
accurate but required higher emotional content to recognise the
negative emotions as well. No effects were found for positive
emotions, such as happiness. These findings were similar to pat-
terns found in individuals diagnosed with ASD (Gross 2004).

The second cue, gaze direction, also proved to be a sub-
domain of social functioning on which TD individuals with
more autistic traits showed results similar to diagnosed indi-
viduals. Hudson et al. (2012) examined how good people are
at implicitly learning the intentions of others. In the learning
phase, participants watched a video of two actors oriented
with their face towards the participant. The gaze of the actors
was manipulated either to move away from the participant or
to approach him or her. Emotion was manipulated as well to
make the actors look either happy or angry. By combining
these two manipulations, either a positive or a negative dispo-
sition towards the participants was conveyed. After the learn-
ing phase, participants completed a gaze-cueing task.
Individuals exhibiting few autistic traits had implicitly learned
the disposition information, as reflected by fast responses on
the task. High-AQ individuals on the other hand had not
learned about the dispositions, and had therefore not implicitly
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acquired social information. A second gaze direction experi-
ment focused more on the difference between low-AQ and
high-AQ individuals in reciprocating direct gaze (Chen and
Yoon 2011). Participants watched a video in which actors
discussed a neutral topic with their gaze either directed to-
wards the camera or averted. Individuals with low AQ scores
modulated their gaze as a function of the gaze direction of the
actors, indicated by spending more time looking at the direct
gaze than the averted gaze. This higher tendency to recipro-
cate direct gaze was not found in individuals scoring high on
the autistic spectrum, as they spent an equal amount of time
looking at direct and averted gaze.

Focusing more on overt social behaviours, Kira and
Aoyama (2006) examined the relationship between autistic
traits and educational success in a group of physical therapy
students. Groups were determined based on success or failure
in a clinical training course that required students to demon-
strate social communicational capacities. The difference in
AQ score between the two groups was significant, indicating
that individuals who failed the course exhibited more autistic
traits. In addition, seven out of eight students who had failed
the course, and 28 out of 36 students who had passed the
course, could correctly be classified as respectively failing or
passing based on the amount of autistic traits they exhibited.
This meant that, overall, AQ score correctly predicted failing
or passing the course in 80% of cases. Another study focusing
on overt behaviour used a scenario-based task to examine
expressions of pro-social behaviour (Jameel et al. 2014).
When confronted with a character in need of help, TD indi-
viduals with more autistic traits generated less pro-social be-
haviours, such as co-operating and sharing. When asked to
select a response from a set of three possible behaviours
(low/medium/high pro-social), individuals with more autistic
traits opted more often for the low pro-social and less often for
the high pro-social response. A second scenario-based study
on the use of social rules confirmed that high-AQ individuals
exhibit less pro-social behaviour (Jameel et al. 2015). These
findings were consistent with studies showing impaired pro-
social behaviour in adults (Matson et al. 2012) and children
and adolescents (Goodman et al. 2010; Russell et al. 2012)
from clinical ASD groups.

Although the discussed studies do link autistic traits and
social functioning in a TD population, critical evaluation of
their methodology reveals that they might in fact not support
a broad autism phenotype. First, the studies focus on very spe-
cific outcome variables. Social functioning is a broad concept
that encompasses all skills that facilitate both verbal and non-
verbal interaction and communication with other individuals.
This includes outcome variables such as verbal reciprocity, eye
contact, pro-social behaviour, initiating contact with others and
recognising emotions in others. The full concept is therefore not
covered by only taking one specific social skill into account,
which is the case for the majority of the discussed studies.

While they intend to focus on the broad autism phenotype, they
fail to cover the broad range of behaviours and capacities that
together form social functioning, a problem that is aggravated
by the already limited number of studies examining the social
domain of the broad autism phenotype.

Second, several studies examining the broad autism phe-
notype do not in fact examine a true broad phenotype but
instead look at extremes within the TD population. With re-
spect to studies examining the broad phenotype for social
functioning, one study used both a regression and an extreme
group approach (Jobe and White 2007), and three out of the
seven discussed studies exclusively selected participants from
the extreme ends of the distribution (Jameel et al. 2014, 2015;
Poljac et al. 2013). This was also the case for 4 of the 10
cognitive, visuospatial, executive and motor function studies
mentioned (Grinter et al. 2009; Kunihira et al. 2006; Poljac
et al. 2012; Stewart et al. 2009) and for 9 of the 12 studies
discussed in a meta-analysis specifically focused on visuospa-
tial ability (Cribb et al. 2016). Instead of using regression or a
median split to include all participants, most of these studies
examining the broad autism phenotype recruited several hun-
dred participants and used extreme cut-offs or the upper and
lower percentiles of these large databases to select TD indi-
viduals with respectively very high and very low AQ scores.
While this increases the chance of finding significant differ-
ences between groups, it raises the question what these studies
are actually examining. The failure to take the large middle
section of the spectrum into account implies that the autism
spectrum is not completely covered. Instead of investigating
whether someone with a certain AQ score has less problems in
social functioning than someone with a somewhat higher AQ
score, it is examined whether someone with an extremely low
AQ score differs from someone with an extremely high score,
which is not what the autism spectrum hypothesis encom-
passes. In case of visuospatial ability, it has already been dem-
onstrated that in the existing literature, the superior visuospa-
tial skills found in individuals with ASD are only evident
across the broad spectrum when comparing extreme groups
of TD individuals (Cribb et al. 2016). This indicates that pos-
itive findings from studies using extremes do not necessarily
replicate when examining a true broad spectrum consisting of
a natural range of AQ scores. This could apply to the social
domain as well. In addition, focusing on the upper extremes
might bring bias into the sample. Individuals who score in the
upper percentiles regularly have scores that are equal to those
found in diagnosed individuals. If people have not been diag-
nosed despite of exhibiting many autistic traits, they may pos-
sess specific compensatory skills that help them function at a
level on which a clinical ASD diagnosis is not suspected. This
implies that a high-AQ group might not only quantitatively
but also qualitatively differ from other individuals across the
spectrum, thereby in fact disproving instead of supporting a
broad autism phenotype. However, it must be acknowledged
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that reanalysis of the literature on visuospatial ability shows
that removing individuals scoring above a clinical cut-off does
not change the pattern of results, with high-AQ individuals
and low-AQ individuals still significantly differing from each
other (Cribb et al. 2016). It is, however, not clear whether this
would also be the case for e.g. the social domain.

The present study accommodates for the discussed prob-
lems by employing a wider measure of social functioning
(thereby solving the limited outcome problem) and by using
AQ scores from all recruited TD participants (thereby solving
the extreme score problem). Regression analyses were used to
determine whether autistic traits across a TD population pre-
dict the frequency with which individuals exhibit a broad ar-
ray of social behaviours and to predict the level of discomfort
they experience when doing so. To provide a more fine-
grained overview of the relationship between social function-
ing and autistic traits among TD individuals, a separate corre-
lation analysis on all AQ and social functioning sub-sores was
performed as well. Based on the discussed studies, both re-
gressions and most of the correlations were expected to yield
substantial associations, thereby showing that AQ scores in a
TD population are predictive of social functioning.

Method
Participants

Participants were 60 TD students from the Institute of
Psychology who participated in reward for course credit.
The sample consisted of 19 male and 41 female participants
with a mean age of M =20.25 (SD = 1.85), ranging from 18 to
26 years. Informed consent was obtained from all participants
included in the study. All procedures performed were in ac-
cordance with the ethical standards of the institutional re-
search committee and with the 1964 Helsinki Declaration
and its later amendments.

Procedure

The used questionnaires were part of a larger study examining
both behavioural and brain correlates of impairments often
seen in ASD. The total experimental session took approxi-
mately 90 min, including breaks. Completing the question-
naires was always done first.

Measures

Autism-Spectrum Quotient The Autism-Spectrum Quotient
(AQ; Baron-Cohen et al. 2001) is a continuous and quantita-
tive self-report measure of autistic traits in adults of normal
intelligence. The questionnaire consists of 50 questions, divid-
ed into 5 sub-scales of 10 items each: social skill, attention
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switching, attention to detail, comunication, and imagination.
Items are answered on a 4-point Likert-scale: definitely agree,
slightly agree, slightly disagree, definitely disagree.
Completing all items takes approximately 15 min. Both the
original English version of the test and its Dutch translation
show satisfactory psychometric properties (Baron-Cohen
etal. 2001; Hoekstra et al. 2008). The original scoring scheme
as proposed by Baron-Cohen et al. (2001) is binary, which
ignores the degree of agreement or disagreement. In line with
Hoekstra et al. (2008), we included all four levels in scoring,
which has been shown to improve the reliable range of mea-
surement significantly (Murray et al. 2016). This resulted in a
minimum total score of 50 (the individual reports having no
autistic traits) and a maximum score of 200 (the individual
reports having the full range of autistic traits). As could be
expected based on score variability, reliability was better when
using the full-range scoring scheme. Cronbach’s alpha was
a =0.82 for the composite score (as opposed to o= 0.71 using
binary scores), o = 0.75 (o = 0.55) for social skill, o = 0.73
(a = 0.65) for attention switching, o = .63 (o = 0.53) for
attention to detail, o = 0.62 (a = 0.54) for communication,
and o = 0.46 (o = 0.28) for imagination. These reliabilities
were similar to those found by Hoekstra et al. (2008).

Inventory of Interpersonal Situations The Inventory of
Interpersonal Situations (IIS; Van Dam-Baggen and
Kraaimaat 1986) is a self-report questionnaire consisting of
35 interpersonal situations for which participants indicate on a
S-point scale how frequent they perform the described action
(I never do - I always do) and how much discomfort they
experience when doing so (no discomfort - very much dis-
comfort). The items are split up into five sub-scales: criticising
people (seven items), expressing your opinion (six items),
giving compliments (four items), initiating contact (five
items), and positive self-evaluation (four items). The remain-
ing nine items form a residual category, with items touching
upon topics such as saying no to requests from strangers and
friends, asking people for help, asking people to return
borrowed items, making eye-contact during conversation,
asking for further explanation when not understanding some-
thing, and asking a friend to do a joint activity. Completing all
items takes approximately 15 min. The score range is 35-175
for both the frequency and the discomfort scale. The psycho-
metric characteristics of the questionnaire demonstrated to be
good in both clinical and non-clinical samples (Van Dam-
Baggen and Kraaimaat 1999). The data from the present study
yielded a Cronbach’s alpha of o = 0.90 for the frequency scale
and a = 0.95 for the discomfort scale.

Data Analyses

Because both measures are the same type (self-report), there is
a risk of Common Method Bias (CMB), in which variance in
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the data is attributable to the measurement method instead of
the constructs that the measures are hypothesised to represent
(Podsakoff and Organ 1986; Podsakoff et al. 2003, 2012).
This can inflate or deflate correlations, thus leading to types
I and II errors (Podsakoff et al. 2003, 2012; Williams and
Brown 1994). Therefore, we first tested for CMB with the
use of Harman’s single-factor test.

Then, a set of preliminary analyses consisting of ¢ tests and
ANOVAs examined whether the AQ and IIS scores differed
between gender and median split based AQ groups, with tied
scores assigned to the low-AQ group (resulting in unequal
group sizes). The median split was primarily performed to
compare the present findings with results from previous stud-
ies using extreme groups versus medium split based groups.

The broad autism phenotype for social functioning was
tested with the use of two hierarchical multiple regression
analyses (HMRAs) in which autistic traits predicted social
functioning, controlling for age and gender. One regression
predicted the reported frequency with which participants ex-
hibited several social behaviours; a second regression predict-
ed the level of discomfort participants reported to experience
when doing so. A correlation analysis was performed to offer
a more fine-grained overview of the relationship between all
AQ and IIS sub-scores.

Across all analyses, an alpha level of o = 0.05 was used. In
case of multiple comparisons, alpha was corrected using the
Games—Howell procedure. If possible, effect sizes were re-
ported as 772,, to facilitate comparison.

Results
CMB

All items (measuring latent variables) were loaded into an
exploratory factor analysis. A fixed number of one factor
was extracted. This was done separately for the relationship
between the IIS frequency items and the AQ items on the one
hand, and the IIS discomfort items and the AQ items on the
other hand. The unrotated factor solutions were examined. For
the analysis involving the IIS frequency items and the AQ
items, 14.68% of variance was explained by the single factor.
For the analysis involving the IIS discomfort items and the
AQ items, this was 20.24%. Since both values were below
50%, we concluded that CMB was not an issue.

Preliminary Analyses on the Autism-Spectrum Quotient

The AQ scores ranged from 65 to 127. The distribution was
approximately normal as determined by visual inspection of
the normal Q—Q plot. Table 1 shows the mean AQ scores and
standard deviations per sex and group. Mean AQ score was
comparable to findings from other social sciences students
samples (Hoekstra et al. 2008). The low-AQ group and the
high-AQ group did not significantly differ in age, #58) =1.16,
p=.250, 172,, =0.02. The difference in AQ score between men
and women was borderline significant, #(58) = 1.86, p = .068,
T]zp = 0.06, with men having higher scores than women. The
median split-based groups significantly differed on AQ score,
#(58) =8.51, p <.001, nzp = 0.56, showing proper AQ score
variation within the TD population.

To compare the present group means with the group means
used in previous studies, a second composite AQ score and
median split were calculated based on the binary scoring
scheme used in most studies. The total AQpinary Was
M =11.62 (SD = 4.97). The low-AQpjinary group had a mean
score of M = 8.09 (SD = 2.49); the high-AQpinary group had a
mean score of M = 15.93 (SD = 3.66). The difference between
the groups was 7.84, which was comparable to the difference
reported in the study by Hudson et al. (2012), 7.60, who also
used a median split. It was much smaller than the difference
found in studies using extreme values (23.87 in Jameel et al.
2014; 24.37 in Jameel et al. 2015; 22.31 in Poljac et al. 2013).

Preliminary Analyses on the Interpersonal Situations
Frequency Score

The IIS frequency scores ranged from 84 to 146. The distri-
bution was approximately normal as determined by visual
inspection of the normal Q—Q plot. Table 2 shows the mean
IIS frequency scores and standard deviations per sex and
group. An independent samples ¢ test showed that the IIS
frequency score of the low-AQ group was significantly higher
than the IIS score of the high-AQ group, #(58)=3.49, p=.001,
772}, =0.17. 1IS score did not differ between men and women,
#(58)=1.02,p =311, 772p =0.02. Looking closely at the mean
scores in Table 2, it is evident that especially women in the
high-AQ group reported exhibiting few social behaviours.
This was confirmed by a one-way ANOVA comparing the
four groups, F(3, 56) = 8.78, p < .001, 772,, = 0.32. High-AQ
women differed significantly from low-AQ women (p <.001)

Table 1 Mean (SD) AQ scores

per gender and group Low-AQ High-AQ Total
Men 88.00 (7.77)yn=1 106.58 (8.51) n =12 99.74 (12.22) n =19
Women 87.19 (849) n =26 104.60 (8.09) n =15 93.56 (11.83) n =41
Total 87.36 (823) n =33 105.48 (8.18) n =27 95.52 (12.20) n = 60
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Table 2 Mean (SD) IIS frequen-

cy scores per gender and group Low-AQ High-AQ Total
Men 117.00 (16.88) n =7 116.00 (9.62) n = 12 116.37 (12.32) n =19
Women 119.65 (13.84) n =26 98.93 (10.96) n = 15 112.07 (16.24) n = 41
Total 119.09 (14.29) n =33 106.52 (13.36) n =27 113.43 (15.14) n = 60

and high-AQ men (p = .001), but not from low-AQ men
(p =.115).

Preliminary Analyses on the Interpersonal Situations
Discomfort Score

The IIS discomfort scores ranged from 44 to 136. The distri-
bution was positively skewed as determined by visual inspec-
tion of the normal Q—Q plot. Therefore, all analyses involving
the IIS discomfort score were bootstrapped (1000 samples) to
calculate corrected confidence intervals. Table 3 shows the
mean IIS discomfort scores and standard deviations per sex
and group. An independent samples ¢ test showed that the IIS
discomfort score of the low-AQ group was significantly lower
than the IIS score of the high-AQ group, #35.43) = 3.16,
p =.003, 95% BCa CI [6.84, 26.02], nzp = 0.16. In addition,
women reported to experience more discomfort than men,
#(53.93) = 2.45, p = .017, 95% BCa CI [2.11, 20.13],
nzp = 0.07. Looking closely at the mean scores in Table 3, it
is evident that especially women in the high-AQ group expe-
rienced much discomfort. This was confirmed by a one-way
ANOVA comparing the four groups, F(3, 56)=9.94, p <.001,
T]zp = 0.35. High-AQ women differed significantly from low-
AQ women (p = .010, 95% BCa CI [5.67, 45.88]), low-AQ
men (p =.006, 95% BCa CI [8.12, 55.67]), and high-AQ men
(p =.019, 95% BCa CI [3.49, 46.11]).

Do Autistic Traits Predict How Often People Exhibit
Social Behaviours (IIS Frequency Score) After
Controlling for Age and Gender?

The HMRA showed that age and gender together did not
significantly contribute to the regression model, F(2,
57) = 0.57, p = .570, R* = 0.02. A model with AQ score
included as well did reach significance, F(3, 56) = 9.46,
p < .001, R* = 0.34. Including AQ score in the model ex-
plained an additional 31.68% of variance, which was signifi-
cant, Fepange(1, 56) = 26.74, p < .001. The predictor coeffi-
cients of both models are shown in Table 4. AQ score and IIS

frequency score were inversely related to each other: individ-
uals with more autistic traits reported to exhibit less social
behaviours, #56) =—5.17, p <.001. This relationship is shown
in Fig. 1 (solid line).

Do Autistic Traits Predict How Much Discomfort People
Experience When Engaging in Social Behaviours (IIS
Discomfort Score) After Controlling for Age and Gender?

The HMRA showed that age and gender together did not
significantly contribute to the regression model, F(2,
57) = 2.10, p = .132, R? = 0.07. A model with AQ score
included as well did reach significance, F(3, 56) = 9.24,
p < .001, R* = 0.33. Including AQ score in the model ex-
plained an additional 26.27% of variance, which was signifi-
cant, Fepange(1, 56) = 21.99, p < .001. The predictor coeffi-
cients of both models are also shown in Table 4. Individuals
with more autistic traits exhibited more discomfort when en-
gaging in social behaviours, #56) = 4.69, 95% BCa CI [0.55,
1.24], p < .001. This is also shown in Fig. 1 (dashed line). In
addition, being female significantly predicted experiencing
more discomfort in both model 1 (p = .049) and model 2
(p =.003).

Correlating the AQ Scores with the IIS Frequency
and Discomfort Scores

Table 5 shows the correlations between the AQ scores and the
frequency with which participants engaged in certain social
behaviours and the level of discomfort they experienced when
doing so. The AQ imagination scale and the AQ attention to
detail scale were barely correlated with the frequency and
discomfort scores: for the frequency sub-scales, only 4 out
of'the 14 correlations were significant; none of'the correlations
between AQ imagination and attention to detail on the one
hand and the discomfort scores on the other hand reached
significance. This meant that the frequency of engaging in
social behaviours and the accompanying discomfort when do-
ing so were not related to impaired imagination and to a detail-

Table 3 Mean (SD) IIS discom-

fort scores per gender and group

Low-AQ

High-AQ

Total

Men
Women
Total

59.57(13.60) n=7
65.69 (10.80) n =26
64.39 (11.50) n = 33

66.67 (12.48) n = 12
9147 26.11)n =15
80.44.52 (24.30) n = 27

64.05 (13.01) n =19
7512 (21.67) n =41
71.62 (19.92) n = 60
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Table 4 Hierarchical multiple regression models predicting IIS

frequency and discomfort score
b Beta ¢ P

Frequency =~ Model 1  Age 0.36 0.04 032 747

Gender -390 -0.12 -0.88 .380

Model 2 Age 1.84 022 1.89  .064

Gender 692 -022 -1.87 .067

AQscore —0.75 —0.61 -5.17 <.001

Discomfort Model 1  Age 026 002 0.8 .856

Gender 1136 027  2.01 .049

Model 2 Age -1.51 -0.14 -1.17 245

Gender 1498 035 3.06 .003

AQ score 0.90 0.55 469 <.001

Frequency: R? = 0.02 for model 1, AR* = 0.32 for model 2 (p < .001);
discomfort: R> = 0.07 for model 1, AR*> = 0.26 for model 2 (p <.001)

focused processing style. Both the frequency scores and the
discomfort scores were primarily related to the AQ scores for
social skill and attention switching, indicating that a higher
level of autistic traits in those domains was related to engaging
in less social behaviours and experiencing more discomfort.
Most of the correlations between frequency and discomfort
scores on the one hand and AQ social skills and attention
switching on the other hand were medium (r = .30) to large
(r = .50). The frequency of criticising others was not signifi-
cantly related to any of the AQ scores, having only small
(r = .10) to medium (r = .30) correlations. However, individ-
uals scoring high on the AQ social skills and attention
switching sub-scales did experience more discomfort when
criticising others (r = .29 for social skills and » = .31 for
attention switching, respectively). A final notable pattern
was that of the AQ communication sub-scale, which correlat-
ed significantly with the same frequency and discomfort sub-
scales: giving compliments, initiating contact and positive
self-evaluation.

160
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Fig. 1 The relationship between autistic traits (x-axis) and the frequency
and discomfort of social behaviours (y-axis)

Discussion

The present study extended the research on the broad autism
phenotype for social functioning by using a measure that in-
corporated several sub-domains of social functioning and by
including TD individuals who exhibited a natural range of
autistic traits. This accommodated for two problems observed
in previous studies: only focusing on one specific indicator of
social functioning and only including TD individuals with
extreme AQ scores.

The present findings show that social functioning varies
across the autistic spectrum in a non-clinical population, there-
by supporting the notion that individual differences in social
functioning are related to the broad autism phenotype.
Regression analyses showed that autistic traits within the TD
population predict both the frequency with which individuals
engage in several different social behaviours and the level of
discomfort they experience when doing so, both after control-
ling for age and gender. Having more autistic traits predicted
exhibiting less social behaviours and experiencing more dis-
comfort. In addition, correlation analyses showed that almost
all queried social behaviours were related to one or more spe-
cific autistic traits. Especially the social skills and attention
switching AQ sub-scores were strongly related to many social
behaviours and discomfort indicators.

The current findings on the broad autism phenotype are
consistent with previous studies linking the amount of autistic
traits individuals exhibit to several sub-domains of social
functioning, such as initiating and maintaining relationships
(Jobe and White 2007), recognising facial expressions (Poljac
et al. 2013), using gaze direction information (Hudson et al.
2012), reciprocating direct gaze (Chen and Yoon 2011),
displaying social communicational capacities (Kira and
Aoyama 2006), and exhibiting pro-social behaviour (Jameel
et al. 2014, 2015). In addition, the current findings provide a
stronger test of the broad phenotype than most of these previ-
ous studies by covering more social behaviours and by includ-
ing a more natural range of AQ scores. The fact that the rela-
tionship between autistic traits and social functioning
remained intact after resolving the limited outcome problem
and the extreme score problem supports the existence of a
broad autism phenotype.

The finding that both the frequency and the discomfort
score were related strongest to the AQ social skill sub-score
is not surprising, since this scale shows the largest conceptual
overlap with the frequency and discomfort measures. This
explanation however implies the risk that the significant result
of the regression analyses was caused by only one sub-scale of
the predictor overlapping the outcome variable very closely.
To rule out this possibility, both the frequency and the discom-
fort regression analyses were repeated two times. First, the
predictor variable was changed into a composite AQ score
but without the AQ social skill sub-score included. Though
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Table 5 Correlations (N = 60)

between AQ sub-scores and IIS AQ AQattention  AQ AQ AQ attention  AQ
scores for six social functioning social switching communication  imagination  to detail total
scales skills
1IS frequency
Criticising -0.14 -0.23 —0.12 —-0.20 0.04 -0.20
people
Expressing —0.38** -0.24 —0.10 -0.12 —0.04 —0.28*
opinions
Giving —0.26* —0.26* —0.35%* -0.23 0.07 —0.31*
compli-
ments
Initiating —0.48%* —0.35%%* —0.29* —-0.02 —-0.05 —0.38%*
contact
Positive —0.41%%* —0.37%%* —0.40%* —0.40%* —-0.07 —0.50%%*
self--
evaluation
Residual —0.37%* —0.30* —0.21 —0.37%* —0.29% —0.47%*
items
Frequency —0.46%* —0.39%* —0.31* —0.30* —-0.10 —0.48%*
total
1IS discomfort
Criticising 0.29* 0.31* 0.11 0.05 0.02 0.25
people
Expressing 0.29* 0.27* 0.04 —-0.03 <0.01 0.19
opinions
Giving 0.34#* 0.31%* 0.34%* 0.23 0.10 0.40%*
compli-
ments
Initiating 0.627%* 0.37%* 0.31* —-0.02 —-0.01 0.41%*
contact
Positive 0.40%* 0.36%* 0.36* 0.14 0.12 0.43**
self--
evaluation
Residual 0.43* 0.44%%* 0.23 0.23 0.13 0.46%*
items
Discomfort 0.47%#* 0.42%%* 0.25 0.11 0.07 0.427%*
total

* significant at .05 level (two-tailed); ** significant at .01 level (two-tailed)

the exact test statistics changed, none of the conclusions from
the original analyses as reported in the results section (see
Table 4) changed. Model 1 was still not significant, and
adding the AQ score still significantly improved the prediction
into a significant model 2. Thus, by not including the variance
caused by the AQ social skill sub-score in the predictor, autis-
tic traits still significantly predicted social functioning. A sec-
ond test of the influence of the AQ social skill sub-score was
done by including the sub-score in the analysis and controlling
for it in the regression. The influence of the social skill sub-
score was clearly seen in that the first model was now signif-
icant. However, adding the composite AQ score still signifi-
cantly improved the prediction.

Just as the social skill sub-scale, the attention switching
sub-scale strongly correlated with both the IIS frequency and
the discomfort score. Since attention switching can be consid-
ered a cognitive rather than a social construct, this finding
seems not straightforward. However, there are several reasons
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why it is more straightforward than it would seem. First, there
is partial conceptual overlap; attention switching does include
attention shifts not only between non-social stimuli but also
between social stimuli. A clear example is formed by item 10
ofthe AQ: ‘in a social group, I can easily keep track of several
different people’s conversations’. Related to this, the prefer-
ence for sameness and the resistance to change characteristic
of individuals high on the spectrum are also true for the social
domain. Social interactions can be very changeable, which
may explain the strong and consistent correlations between
the AQ attention switching sub-scale and the IIS scores: deal-
ing with social interaction generally requires the ability to
quickly shift attention, and having a higher amount of autistic
traits may therefore be related to displaying less social behav-
iours and experiencing more discomfort when doing so.

The communication sub-scale showed a very specific cor-
relation pattern, correlating significantly with giving compli-
ments and initiating contact and positive self-evaluation for



Adv Neurodev Disord

both frequency and discomfort. Compared to the non-
significant correlations (criticising people and expressing
opinions), the significant sub-scales seem much more charac-
teristic of the social impairments individuals with ASD gen-
erally face, namely social skills focused on ‘reading’ how
others might respond and act in social situations. This sup-
ports the validity of the AQ in measuring social skill impair-
ments seen in ASD.

Two AQ sub-scales barely correlated with the IIS frequen-
cy and discomfort scores: the imagination and attention to
detail sub-scales. The low correlations with the attention to
detail sub-scale can be explained relatively easily, since this
sub-scale mostly focuses on cognitive rather than social char-
acteristics, and shows little conceptual overlap with the social
domain. The low correlations with the imagination sub-scale
might arise from the low reliability this sub-scale showed. An
alternative explanation touches more upon the core of the
imagination concept. While imagination covers combining
ideas and information to form a mental image of every entity
you can think of, Ten Eycke and Miiller (2015) state that the
general idea of impaired imagination in ASD comes from
measurement instruments focusing exclusively on social
imagination. This would mean that the reported imagination
impairment could also be explained by the social difficulties
individuals with ASD exhibit. Ten Eycke and Miiller (2015)
provided early evidence for this hypothesis by examining both
person- and object-focused imagination in children, indeed
finding support for person-focused imagination impairments
but not for object-focused ones. This is consistent with clinical
observations of the first author. The findings imply that if the
present measure of imagination is less dependent on social
imagination, the correlation between social functioning and
the imagination sub-score may indeed be low. Close exami-
nation of the items of the AQ imagination sub-scale showed
that approximately half of the items focuses on social imagi-
nation. The other half is more focused on objects or general
scenes, for which imagination is not impaired, according to
Ten Eycke and Miiller (2015). This could explain why the
imagination score was not significantly correlated with most
frequency and discomfort scores.

One notable finding was not covered by the core hypothe-
ses of the current study: the social functioning of women with
higher AQ scores. Women who scored high on the AQ report-
ed exhibiting significantly less social behaviours and
experiencing more discomfort. Close examination of these
results showed that women who score higher on the autistic
spectrum not only are more impaired in social functioning
than individuals with less autistic traits but also compared to
men with an equal amount of autistic traits. Research on ASD
in women indicates that compared to men with ASD, women
are less withdrawn and display more TD-like social behaviour
(Spek 2013). This is often explained by an interaction between
societal pressure and compensatory mechanisms. Females are

expected to be more social, nurturing and empathetic. This
causes girls with ASD to already feel different at a young
age, and makes them develop social tricks, such as standard
conversation starters and mimicking gaze patterns, in order to
live up to those standards (Spek 2013; Spek and Goosen
2010). Employing these compensatory mechanisms results
in relatively successful masking of social-communicative im-
pairments, but demands a lot of (mental) effort, which means
that they often require time to recover from social interactions
(Spek and Goosen 2013). This latter finding could explain the
higher level of discomfort women with higher AQ scores ex-
perience: their attempts to mask their social impairments cost
effort, which is reflected in more discomfort. In contrast, the
present observation of fewer social behaviours in high-scoring
women seems to be the opposite of what previous research
would predict (Spek 2013). This discrepancy could be ex-
plained by the aforementioned societal expectations on social
behaviour in women. If women are expected to be more so-
ciable than men, it is possible that women judge themselves
against a different standard than men, which leads to lower
self-reported estimates of exhibited social behaviours. Men
and women then do not differ in the amount of social behav-
iours they exhibit, but report on this differently because of a
societal-induced gender-specific self-report bias. One possi-
bility to avoid this issue could be the use of observation in-
stead of self-report. However, since high-AQ women employ
compensatory mechanisms to cover up at least part of their
social-communicational deficits, the use of observation
would not give an accurate estimate either. Another possibility
is presenting participants with a more a clear-cut reporting
strategy, such as daily reporting on the exact number of times
every social behaviour on the list was performed. Though
examining TD women with high-AQ scores was not the cen-
tral aim of the present study, the finding is notable and should
be examined more closely in future studies.

Returning to the general aim of the present study, certain
limitations should be discussed. First, the research is
completely based on self-report measures. While this does
not have to be a problem, it could bring bias into the data,
such as the discussed possible societal-induced gender-specif-
ic self-report bias with regard to the findings on high-AQ
women. However, we also discussed that other measures, such
as observation, do not always provide a sufficient fix, since
these measures are characterised by their own limitations.
Related to this first limitation, we must acknowledge that the
AQ in specific might be sub-optimal relative to other self-
report measurements of autism traits. Ingersoll et al. (2011)
e.g. showed that the AQ, compared to two other self-report
measures, scores worse on internal consistency, proposed fac-
tor structure, and criterion validity. However, performing
worse did not mean performing bad. In addition, the AQ is
the most-used self-report measure for autistic traits in a TD
population, making easy comparison between the present
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findings and the previous studies on the broad autism pheno-
type a clear advantage of employing this measure. A third
limitation concerns the sample size, which could be argued
to be relatively low. Whereas larger samples are indeed gen-
erally better, a post-hoc power analysis on the two main re-
gression analyses (assuming an « error probability of 0.05)
showed that both analyses had sufficient power (1 — 3=0.97).
So, the used sample size was certainly sufficient to answer the
main research questions. Fourth, we did not examine the
whole spectrum, since no clinical individuals were included.
Future research should therefore include both a clinical and a
non-clinical sample. Last, we must acknowledge that although
the present study examined a large part of the social domain,
taking several social skills into account and examining both
frequency and discomfort, we did not address all different
aspects of social functioning. The solution to this is related
to the already discussed research paucity on how social skills
relate to the broad autism phenotype.

We showed that the broad autism phenotype concept is still
supported when taking into account the two limitations of
previous research: only covering a limited range of social
behaviours and only including participants with extreme AQ
scores. Using this knowledge will be more pertinent for the
latter than the former limitation. The current study employed a
questionnaire so that a broad range of social behaviours could
be examined. We certainly acknowledge the importance of
looking at specific social skills, and examining a broad range
of social behaviours was done mostly because of the limited
number of studies on specific social skills available within the
literature. As more studies emerge on the relationship between
autistic traits and social functioning across a broad spectrum, it
will be less necessary to use overarching measures, and it will
become more informative to focus on specific social behav-
iours. However, judging by the research paucity in this area,
this may take time.

With regard to the latter limitation, we hope that future
studies will continue to explore the broad autism spectrum
using an actual range of autistic traits instead of two extremes.
However, we acknowledge that the choice of either comparing
extreme groups or using a continuous measure in general falls
within a broader discussion, in which both options are associ-
ated with pros and cons. In their comprehensive evaluation of
the benefits and costs associated with using the extreme
groups approach, Preacher et al. (2005) mention several rea-
sons for using extreme groups, most importantly cost-
efficiency and increased power. So, the use of extreme groups
could be considered in cases where it is not feasible to recruit a
full range continuous sample or in areas where the
hypothesised effect is small. One should however be careful
not to fall victim to post-hoc sub-grouping: obtaining data on
both the dependent and independent variable across the full
spectrum, but analysing only data from individuals scoring at
the extremes (Preacher et al. 2005). This practice does not
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improve cost-efficiency, and does not lead to the power im-
provement associated with the extreme groups approach.
Since post-hoc sub-grouping was not the case for the extreme
group studies in the social domain discussed in the present
article (Jameel et al. 2014, 2015; Poljac et al. 2013), we can
conclude that the extreme groups approach was applied ap-
propriately. However, interpretation of the results of these
studies should still take the disadvantages of using extreme
groups into account, such as problems associated with regres-
sion to the mean (Campbell and Kenny 1999), increased
chances of model misspecification because of unwarranted
assumptions about linearity (Feldt 1961), reduction of individ-
ual differences information, and possibly reduced reliability
(Preacher et al. 2005). So, if a continuous approach is feasible
within a given research context, we strongly advise applying
it. This is true not only for the social domain but for the
cognitive and motor domain. If findings in other domains of
functioning in ASD are equally supportive of the broad phe-
notype as the present findings, applying a continuous ap-
proach would provide strong proof for the notion of a spec-
trum covering every single individual. This challenges the
traditional, categorical view in favour of a more quantitative
approach, and changes the way we approach the concept of
normality.
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