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Abstract

We explored the role of negative performance beliefs and self-focused attention considered central to psychological models
of social anxiety but not studied in autism. Firstly, we compared self- and observer ratings of performance on a social task
for 71 young autistic people, 41 high and 30 low in social anxiety, finding a significant main effect of social anxiety but not
rater. Subsequently, 76 autistic young people, 46 high and 30 low social anxiety completed measures of interoceptive sensi-
bility and focus of attention following a social task. Only heightened interoceptive sensibility fully mediated the relationship
between self-ratings of social performance and social anxiety. These findings suggest awareness of bodily sensations are
critical to anxiety in social situations with implications for treatment.
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Social anxiety disorder (SAD) is one of the most common
anxiety disorders in adolescents (Jefferies & Ungar, 2020),
and is defined by an intense anxiety or fear about entering
social situations where the individual fears negative evalu-
ation from others and consequently avoids social situations
(American Psychiatric Association, 2013). A recent study
that explored SAD in 6825 neurotypical young people across
seven different countries estimated a prevalence rate of 36%
for those who met the threshold for SAD diagnosis, with
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an additional 18% who did not perceive themselves to have
SAD but still surpassed the diagnostic threshold (Jefferies &
Ungar, 2020). The prevalence rate of SAD is also estimated
to be between 29.2% and 57% for autistic' children and ado-
lescents, (Bellini, 2004; Kuusikko et al., 2008; Simonoff
et al., 2008) with population ascertainment and measurement
methods relevant to the differing ranges reported (see Spain
et al., 2018 for a review). There is some debate as to whether
the high co-occurrence rate between the two conditions
reflects a “true” comorbidity (Mason & Scior, 2004; Wood
& Gadow, 2010) given that both may affect social commu-
nication e.g. avoidance of social situations may derive from
fear of negative evaluation as characterised by SAD, or may
reflect individual preference on the basis of autism-related
social communication differences. Differences in reporting
internal states and/or reduced verbal ability in autism may
contribute to all clinically relevant phenomena being attrib-
uted to a neurodevelopmental diagnosis. The involvement
of verbally able autistic adolescents and adults has furthered
understanding in this area significantly. Research that exam-
ined construct overlap across self-report measures of social
anxiety and autistic traits in neurotypical and autistic ado-
lescents have found that social anxiety measures specifically
assessed cognitive processes during social interaction and
performance (White et al., 2012) such as fear of negative

! This paper will use identity-first language, in line with preferences
shown by autistic individuals as shown by Kenny et al. (2016).
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evaluation (Lei & Russell, 2020), while autistic traits cap-
tured a broader range of social and non-social difficulties
ranging from theory of mind to preference for routine (Lei
& Russell, 2020; White et al., 2012). Cognitive processes
related to social anxiety may also influence an individual’s
beliefs about their own social competence, which may be
more relevant to social anxiety rather than objective social
skills, as studies found that neurotypical adolescents with
high social anxiety rated their performance more negatively
than observers, whereas no such discrepancies were found
for adolescents with low social anxiety (Cartwright-Hatton
et al., 2003, 2005).

Cognitive Model of Social Anxiety

The cognitive model of social anxiety focuses on the role of
distorted beliefs (Clark & Wells, 1995), and has become the
dominant treatment model in neurotypical individuals with
good treatment outcomes (National Institute for Health and
Care Excellence, 2013) and an empirically-grounded evi-
dence-base (Clark, 2001). The model postulates that individ-
uals with social anxiety develop negative self-beliefs, high
standards for social performance and catastrophic beliefs
about failure. On entering a social situation, the focus of
attention shifts from others to the self to monitor social per-
formance, and self-focused attention (SFA) is defined as
“an awareness of self-referent, internally generated infor-
mation that stands in contrast to an awareness of externally
generated information derived through sensory receptors”
(Ingram, 1990, p. 156). Internal information obtained via
SFA is used to create an image of how oneself is perceived
by others, often disproportionately negative and based on
emotions rather than reality (e.g., ‘I feel anxious therefore
I must look anxious’). SFA reduces attendance to positive
feedback from others (Clark, 2005; Hope et al., 1990; Pozo
et al., 2016), preventing disconfirmation of negative self-
beliefs. Self-focused attentional processes in-situ and trait
SFA have been found to have a strong relationship with
social anxiety (see Norton & Abbott, 2016 for a review).
There is evidence supporting the role of SFA in maintain-
ing negative performance beliefs in neurotypical individuals,
such that those with greater social anxiety reported higher
levels of SFA and physiological sensations than those with
lower social anxiety during a social situation (Mellings &
Alden, 2000). The ability to detect and consciously per-
ceive one’s physiological sensations and relate to internal
body experiences is known as interoception (Craig, 2003).
Interoception is a multidimensional construct that includes
objective measures of performance accuracy on behavioural
measures for example tracking one’s heart rate (interocep-
tive accuracy), subjective perception and experience of
one’s bodily sensations (interoceptive sensibility) and a

metacognitive reflection on one’s awareness of their abil-
ity to accurately perceive internal processes (interoceptive
awareness) (Garfinkel et al., 2015, 2016). For non-autistic
individuals with high levels of social anxiety, interoceptive
sensibility was positively correlated with overestimating
negative aspects of social performance (Mansell & Clark,
1999). Later studies also found that individuals with high
social anxiety who held in mind an observer-perspective
image of themselves had greater interoceptive sensibility
and perceived their performance more negatively than indi-
viduals with low social anxiety (Makkar & Grisham, 2011;
Vassilopoulos, 2005). Studies have found that measures of
physiological sensations relevant to anxiety including heart
rate, respiratory rate, blood pressure and skin conductance
do not objectively differ between individuals with high
versus low social anxiety during social performance tasks
such as giving a speech or unstructured social interaction
(Anderson & Hope, 2009; Mauss et al., 2004), and therefore
SFA may increase the subjective perception or interoceptive
sensibility of anxiety-related physiological sensations, which
contribute to developing overly negative beliefs about social
performance (Domschke et al., 2010).

Autism, Interoceptive Sensibility
and Self-focused Attention

Whilst the cognitive model of social anxiety has a well-
established evidence-base for neurotypical individuals
(Clark & Wells, 1995), its applicability for autistic adoles-
cents is less clear. Differences in interoceptive sensibility
has been found in autistic adults compared to neurotypical
adults, such that autistic adults show enhanced interoceptive
sensibility but reduced interoceptive accuracy when asked to
track their own heartbeat (Garfinkel et al., 2015, 2016), and
this discrepancy between interoceptive sensibility and accu-
racy, known as interoceptive trait prediction error (ITPE),
significantly predicted anxiety above and beyond the effects
of autism severity (Garfinkel et al., 2016). The relationship
between ITPE and anxiety has also been replicated in autis-
tic children and young people aged 618 years old compared
to their neurotypical peers (Palser et al., 2018). Specifically,
in a sample of autistic and neurotypical adolescents aged
11-18 years old, Pickard et al. (2020) found that it was inter-
oceptive sensibility, and not interoceptive awareness which
was associated with greater social anxiety in both groups.
However, none of the studies examined whether heightened
interoceptive sensibility amongst autistic adolescents was
uniform across different body areas for those who experience
high versus low levels of social anxiety, to explore whether
there may be specific physiological markers related to social
anxiety per se.
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The potential hypersensitivity to one’s physiological
arousal in autism is consistent with the developmental
pathway model of social anxiety in autism, which suggests
that autistic children may experience greater physiological
arousal that can be difficult to regulate and are consequently
vulnerable to developing social anxiety following negative
social encounters (Bellini, 2004). Difficulties coping with
physiological arousal can lead to withdrawal, reducing
opportunities for social skills development and maintain
social anxiety and avoidance (Bellini, 2004). However, a
recent literature review exploring the empirical evidence
base of differences in physiological arousal in autism have
found very mixed evidence with limited scope to draw a
conclusion that is fully consistent with increased physi-
ological arousal in this population (Arora et al., 2021). One
study found that there is evidence for a positive correlation
between cortisol response and age amongst autistic young
people over the course of adolescence independent of puber-
tal stage, who also show a blunted stress response when
compared to their neurotypical peers (Corbett et al., 2021),
which led the authors to hypothesise that it is the time lag
between the development of threat appraisal and stress
response that interferes with the ability to self-regulate in
social situations for older autistic adolescents. Despite there
being some evidence to suggest that interoceptive sensibil-
ity may play a role in social anxiety in autism, no studies
to date have directly compared whether autistic adolescents
may also have more negative beliefs about their social
competence compared to objective observations of their
social skills, and to what extent the relationship between
self-focused attention and awareness of bodily sensations in
social situations may relate to social anxiety.

Current Study

The current study aimed to explore the relevance to autism
of two components of the cognitive model of social anxiety
as proposed by Clark and Wells (1995) across two studies.
Firstly, we investigated the role of negative performance
beliefs by asking whether autistic young people with high
levels of social anxiety report a more negative perception of
their social performance compared to observer ratings fol-
lowing participation in a group discussion task. Secondly,
we asked whether negative self-ratings of social perfor-
mance are related to the level of anxiety experienced in a
social situation and whether interoceptive sensibility and/
or more general SFA processes mediate this relationship.
We also explored patterns of interoceptive sensibility across
different body areas for those with high versus low levels of
social anxiety.

@ Springer

Methods
Participants

Participants were recruited through specialised educational
provisions, universities, charities and social groups specifi-
cally for autistic young people in the region of [LOCATION
ANONNYMISED FOR REVIEW]. All participants had a
confirmed diagnosis of ASD in order to access specialised
educational provision and otherwise provided confirmation
of ASD diagnosis by sharing clinical letter/report with the
research team. Participants were recruited separately for two
studies with a shared focus of understanding the application
of cognitive models of social anxiety in autistic young peo-
ple and data was combined for the current analysis. Inclusion
criteria for participation in both studies were similar: (1)
aged between 13 and 25 years (inclusive); (2) English-speak-
ing; (3) previous diagnosis of ASD. Exclusion criteria were:
(1) diagnosed intellectual disability; (2) substance misuse;
(3) a physical health or neurological condition affecting the
central nervous system which may result in differences in
interoceptive processing or sense of the felt self. The ration-
ale for the defined age range is related to the maturation
of the adolescent brain, which begins in early adolescence
reaching a peak in development by the age of 25 years (Arain
et al., 2013) with findings from Diffusion Tensor Imaging
studies of white matter tract values underpinning this (see
Lebel & Deoni, 2018 for a review) peak between ages 21
and 25 years suggesting brain maturation from a structural
connectivity perspective with reduced inter-individual vari-
ability. A total of 87 autistic young people between the ages
of 14 and 21 years participated in the first part of the study.
A total of 76 autistic young people between the ages of 16
and 25 years took part in the second part of the study.

Measures

Detailed descriptions for each of the measures used in the
current study, their modifications, and internal consistency
can be found in Appendix 1. In brief, social anxiety was
measured by using Social Anxiety Scale for Adolescents
(SAS-A, La Greca & Lopez, 1998), and Social Phobia
Inventory (SPIN, Connor et al., 2000). A modified version
of the Focus of Attention Questionnaire (FAQ) as described
in Mellings and Alden (2000) was used to assess SFA dur-
ing the social situation, and Self-Consciousness Scale
(SCS, Fenigstein et al., 1975) was used to assess trait SFA.
A modified version of the specific form of the Autonomic
Perception Questionnaire (APQ, Mandler et al., 1958) was
used to assess interoceptive sensibility during the social situ-
ation. Modifications included the use of visual cues to depict
the bodily domain being enquired about for groups of items
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and amendment of terminology by replacing less frequently
used terms with those used more frequently e.g., replacing
‘perspiration” with ‘sweat’. A modified version of the Per-
formance Scale (Cartwright-Hatton et al., 2005; Cartwright-
Hatton et al., 2003) was used to assess self- and observer-rat-
ings of social performance during the social situation. Items
were modified to reflect the use of a filmed group discussion
task in contrast to the individual speech in the Cartwright-
Hatton et al. (2005) study and reduce the use of metaphor in
one item i.e. amending ‘stumble over your words’ to ‘speak-
ing confidently’. Items were presented as statements with
which participants and observers could rate agreement on
a 4-point likert scale ranging from ‘1’—strongly disagree,
‘2’—disagree, ‘3’—agree and ‘4’—strongly agree’ with 2
items (‘I appeared nervous’ and ‘I blushed’) reverse scored.

Procedure

The study was approved by the [INSTITUTION NAME
ANNONYMISED FOR REVIEW] Ethics Committee.
Approval was also gained from the relevant county council
in the UK. Participants were given a written project infor-
mation sheet with a separate version for parents. Parental
consent was obtained for all participants under the age of
18 years. All participants gave written informed consent
prior to taking part.

The study was carried out in the education or social group
setting. Participants in both studies completed questionnaires
on anxiety (SAS-A) prior to the group task, and participants
in study part two also completed a measure of self-con-
sciousness (SCS). Participants then took part in the social
performance task. This was a group discussion following
the showing of a short piece of film available from YouTube
entitled ‘Channel 4 Paralympics—Meet the Superhumans’
(Meet the Superhumans, 2012). This critically acclaimed
film was selected as it was deemed to have content that was
neutral enough to appeal to a wide audience as opposed to
being related to any particular interests. Groups consisted
of between three to five participants and one researcher. A
research assistant was also present for groups of fewer than
three participants. The research assistant had some involve-
ment in the discussion and was present to increase the social
demand by increasing the number of people present. During
the discussions the researchers were blind to participants’
response on the measures.

After watching the short film, participants were asked
what they thought about the film, if they thought it was
effective and why. The conversation was free to follow any
relevant areas of discussion. Each person was invited to con-
tribute to this discussion, however there was no pressure
to do so if they did not want to speak. Discussion lasted
approximated 10—15 min and was filmed using a digital
camcorder. Participants were informed a priori that the

discussion would be recorded and subsequently viewed by
an observer.

After taking part in the group discussion, participants
in both studies were asked to complete the performance
ratings, and participants in study part two also completed
measures of anxiety (SPIN), interoceptive sensibility (APQ)
and focus of attention (FAQ). Two researchers later watched
the footage and completed the observer scale of the perfor-
mance questionnaire, blind to the participants’ questionnaire
scores and self-performance ratings. Observer ratings were
discussed, and a consensus rating was reached. A randomly
selected sample (15%) of all participants were independently
rated by a research assistant (JE). The intra-class correlation
coefficient using a 2-way mixed model with absolute agree-
ment was 0.882 (95% Confidence Interval 0.600-0.966).

Analysis

Data were analysed using IBM SPSS Version 25 (Hill,
2017). Study part one examined whether social anxiety
affected the discrepancy between self- and observer-perfor-
mance ratings amongst autistic young people. Participants
were grouped into high (>50) and low (<50) social anxi-
ety according to their self-reported ratings of social anxiety
based on the recommended cut-off score of 50 on the SAS-A
(La Greca, 1999). Group differences in anxiety and age were
assessed using independent samples t-test, and gender differ-
ence was examined using chi-squared test. These data were
gathered from participants recruited to each study in 3 phase
or streams. In order to consider any cohort effects, a one-
way ANOVA was used to investigate differences in outcome
measures across three recruitment groups for each part of the
study, with Bonferroni to correct for multiples comparisons.
A two-way ANOVA was used to investigate the hypothesised
interaction between social anxiety level (high/low) and per-
formance rating (self/observer).

Study part two explored the extent to which interocep-
tive sensibility (APQ), state SFA (FAQ-Self subscale), and
trait SFA (SCS-Public subscale) mediated the relation-
ship between self-performance ratings and social anxiety
(SPIN) through three simple mediation models. For this
second part of the study, a one-way ANOVA was used to
investigate differences in outcome measures across three
recruitment groups, with Bonferroni to correct for multi-
ple comparisons. We then conducted Pearson’s correlation
between self-performance rating and social anxiety, as well
as correlations between state and trait SFA and interoceptive
sensibility. Next, we conducted simple mediation analyses
using PROCESS Macro Version 3 (Hayes, 2017) by follow-
ing the steps outlined by Kane and Ashbaugh (2017). We
first checked to ensure that the predictors within each model
met assumptions of linearity, homoscedasticity, normality
of estimation error and independence of observations. Next,
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Table 1 Study one:

7 . High social anxiety Low social anxiety Group differ-
dernogr.aphlc information (n=41) (n=30) ences (High vs.
f(?r participants and group ' Low)
differences between those with
high versus low social anxiety Gender n (%) x? ®)
(n=71) Male 29 (70.73) 26 (86.67) 252 (.112)

Female 12 (29.27) 4 (13.13)

M (SD) 1 (85) (p)

Age (Years) 18.17 (2.46) 17.33 (1.42) 1.81 (.075)
SAS-A
FNE 26.90 (5.64) 16.10 (5.37) 8.13 (<.001)
General 13.46 (2.53) 8.10 (2.78) 8.46 (<.001)
New situations 22.36 (3.18) 15.03 (4.10) 8.50 (<.001)
Total 62.73 (7.30) 39.13 (8.60) 12.48 (<.001)
Performance Rating
Self 24.51 (4.62) 27.03 (3.98) —2.41(.019)
Observer 25.39 (5.70) 27.23 (5.76) —1.34 (.184)

SAS-A social anxiety Scale—adolescents, FNE fear of negative evaluation

we ran mediation models using bias-corrected bootstrap-
ping method with 5000 samples. Finally, we also conducted
independent samples t-test and chi-square test of independ-
ence to explore whether there are differences in the level of
interoceptive sensibility scores and endorsement for each of
the eight body areas noted by the APQ for participants with
high versus low levels of social anxiety (i.e., scored above
and below the SPIN cut-off scores).

Results
Self and Observer Performance Rating Discrepancy

Demographic information and group differences for partici-
pants in study part one is shown in Table 1. Across the three
main groups of participants recruited, we did not find any
between group differences on the social anxiety scale total
score [F (2, 68)=0.804, p=0.452], nor any of the subscales
including fear of negative evaluation [F (2, 68)=0.340,
p=0.713], social avoidance and distress in general [F (2,
68)=1.375, p=0.259], nor new situations [F (2, 68)=1.416,
p=0.250]. There were also no differences between groups
on self-performance rating [F (2, 68)=0.687, p=0.506].
There were no differences in the relative proportion of male
or female young people in the high social anxiety group
(n=41) compared to the low social anxiety group (n=230,
p=0.112), and both groups were matched on age. The high
social anxiety group reported greater fear of negative evalu-
ation by others, greater social anxiety in general and in new
situations, as well as greater overall levels of social anxi-
ety compared to the low social anxiety group (p <0.001 for
all). Results from the two-way ANOVA showed a significant

@ Springer

main effect of level of social anxiety [F(1, 69)=4.70, par-
tial €2=0.064, p=0.034], as those who experienced higher
levels of social anxiety received poorer performance rat-
ings compared to those who experienced lower levels of
social anxiety. There was no significant main effect of rater
[F(1, 69)=0.605, partial €2=0.009; p=0.439], and no sig-
nificant rater by anxiety interaction [F(1, 69)=0.239, par-
tial £2=0.003, p=0.626], suggesting that the discrepancy
between performance ratings for young people with high
versus low levels of social anxiety did not differ based on
whether the rating was made by the observer or the young
person themself.

Factors Underlying Self-performance Rating
and Social Anxiety

Demographic information for participants in part two of
the study is shown in Table 2. Across the three recruitment
groups, no significant between group difference were found
across any of the outcome measures, including social anxi-
ety as measured by SAS-A [F (2, 72=2.469, p=0.092]
and SPIN [F (2, 73)=1.807, p=0.171], self-consciousness
scale {private [F (2, 73)=0.957, p=0.389]; public [F (2,
73)=1.823, p=0.169]; social anxiety [F (2, 73)=0.384,
p=0.683]}, autonomic perception questionnaire total [F (2,
73)=0.186, p=0.831], and focus of attention {self [F (2,
73)=1.188, p=0.311]; other [F (2, 73)=0.646, p=0.527]}.
Due to lack of between group differences, group was not
used as a covariate for the analyses below.

Pearson’s correlation showed that participants with poorer
self-rated performance also had higher levels of social anxi-
ety as measured by SPIN (r=-0.415, p<0.001). Higher
social anxiety was also associated with higher interoceptive
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Table 2 Study two: demographic information for participants (n=76)

M (SD) Range
Gender (n) (%)
Male 44 57.89
Female 32 42.11
Age (Years) 17.91 (1.93) 16-25
SAS-A (n=75)
FNE 22.28 (6.74) 10-38
General 10.72 (3.83) 4-22
New situations 18.88 (5.08) 6-29
Total 51.84 (12.89) 20-82
SPIN
Fear 8.90 (4.90) 0-20
Avoidance 10.49 (5.88) 0-26
Physical 4.50 (4.11) 0-17
Total 23.88 (13.44) 0-58
Self—performance rating 25.13 (4.01) 15-35
SCS
Private 22.28 (5.29) 12-34
Public 16.26 (5.29) 3-27
Social anxiety 13.09 (5.31) 0-24
FAQ
Self 1.93 (0.66) 14
Other 2.25(0.64) 1.1-3.8
APQ 36.88 (29.35) 0.2-133.3
General awareness 8.74 (6.22) 0-25.4
Blood pressure 1.12 (2.12) 0-8.3
Temperature 4.35 (4.48) 0-17.6
Perspiration 1.25 (2.04) 0-9
Muscle tension 7.23 (7.07) 0-36.7
Heart rate 5.16 (6.28) 0-20.1
Respiration 4.50 (5.35) 0-19.3
Gastrointestinal 4.76 (5.64) 0-30.3

SAS-A Social anxiety scale for adolescents, SPIN Social phobia
inventory, SCS social consciousness scale, FAQ focus of attention
questionnaire, APQ autonomic perception questionnaire

sensibility as measured by APQ (r=0.612, p<0.001),
state SFA as measured by self-subscale of FAQ (r=0.583,
p<0.001), and trait SFA as measured by public-subscale of
SCS (r=0.332, p=0.003). Higher interoceptive sensibility
was also significantly associated with both higher state SFA
(r=0.778, p<0.001) and trait SFA (r=0.345, p=0.002).
Results from all three simple mediation analyses are
shown in Fig. 1. The first simple mediation analysis indicated
that self-performance rating is indirectly related to social
anxiety through its relationship with interoceptive sensibil-
ity (Fig. 1a). Those with lower self-performance ratings had
greater interoceptive sensibility (a=—3.337, p<0.001), and
greater interoceptive sensibility was subsequently related to
greater social anxiety (b=0.244, p<0.001). The indirect

effect of self-performance rating via interoceptive sensibility
was negative (ab=—0.816), and 95% bias-corrected confi-
dence interval based on 5000 bootstrap samples was entirely
below zero (—1.427, —0.334). Lower self-performance rat-
ing was no longer associated with greater social anxiety after
taking into account the indirect effect through interoceptive
sensibility (¢’ =—0.575, p=0.098).

Results from the second simple mediation analysis indi-
cated that self-performance rating is not related to social
anxiety through its relationship with SFA (Fig. 1b). Lower
self-performance rating was still associated with greater
social anxiety after taking into account the indirect effect
through state SFA (¢’ =-1.390, p<0.001). The indirect
effect of self-performance rating via state SFA was negative
(ab=-0.438), and 95% bias-corrected confidence interval
based on 5000 bootstrap samples ranged between —0.905
and 0.002. Results from the third simple mediation analy-
sis indicated that self-performance rating is not related to
social anxiety through its relationship with trait SFA (pub-
lic self-consciousness) (Fig. 1c). Lower self-performance
rating was still associated with greater social anxiety after
taking into account the indirect effect through public social
consciousness (¢’ =—1.265, p<0.001). The indirect effect
of self-performance rating via trait SFA was (ab=—0.124),
and 95% bias-corrected confidence interval based on 5000
bootstrap samples ranged between — 0.486 and 0.089.

Table 3 shows a comparison of the breakdown of level
of endorsement for different bodily areas for participants
with high (n=46) versus low (n=30) levels of social anxi-
ety (based on scoring above or below the cut-off score on
SPIN). Although a chi-square test of independence showed
that the proportion of participants who endorsed sensations
in each of the eight bodily areas did not differ by level of
self-reported social anxiety, independent sample t-tests
showed that those who had higher levels of social anxiety
reported significant greater interoceptive sensibility in bod-
ily temperature, muscle tension and heart rate.

Discussion

This two-part study aimed to explore the applicability of
the cognitive model of social anxiety (Clark, 2005; Clark
& Wells, 1995) to autistic young people. Part one of the
study found that autistic young people had similar percep-
tions of their own social performance compared to observers
overall. Participants who experienced greater social anxiety
also received poorer subjective and objective ratings on their
social performance. These findings are in contrast to the dis-
crepancy between self and observer ratings that were found
in neurotypical children aged 5—11 years with high levels of
social anxiety (Cartwright-Hatton et al., 2003, 2005). They
are however more consistent with the findings of a recent
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Fig. 1 Simple mediation models
assessing a interoceptive
sensibility, b state self-focused
attention, c trait self-focused
attention as potential mediators

a=-3.337,se=.758
B =-0.456 (p<.001)

Interoceptive
Sensibility (APQ)

b=0.244, se = .047
f=0.533 (p=<.001)

between self-performance rating
and social anxiety. APQ auto-
nomic perception questionnaire,
SPIN social phobia inventory,
FAQ focus of attention question-

Performance Rating

¢ =-0.575, se = .342,
B =-0.415 (p=.098)

naire, SCS social consciousness

Social Anxiety (SPIN)

c=-1.390, se = .355,
B =-0.171(p=.002)

b=10.336, se = 1.877

State Self-Focused =051 (p<.001)

Attention (FAQ-Self)

¢ =-0.953,se=.311
B =-0.284 (p=.003)

questionnaire, ¢ total effect, ¢’ (Self)
direct effect. Unstandardised
coefficients and their standard
errors, and standardised coef-
ficients are reported
=-0.042,se =-.019
B =-.256 (p=.026)
Performance Rating
(Self)
(o]

a=-0.174,se = -.152
B =-0.132 (p=.256)

Performance Rating

Social Anxiety (SPIN)

c=-1.390, se = .355
B =-0.415 (p <.001)

b=0.718, se = .260

Trait Self-Focused B =415 (p=.007)

Attention (SCS-Public)

¢ =-1.265,se =0.343
B =-0.377 (p <.001)

(Self)

experimental study of neurotypical adolescents (Leigh et al.,
2021) which reported that self, conversational partner and
observer performance ratings were negatively impacted for
all participants, i.e. both high and low socially anxious indi-
viduals when instructed to engage in self-focused attention
and safety behaviours. These contrasting findings might be
accounted for by task differences with the filmed speech task
used by Cartwright-Hatton et al. (2005) provoking high lev-
els of performance anxiety but not necessarily social anxiety
as it was delivered in the presence of a researcher but not
peers, did not require interaction and was of relatively short
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Social Anxiety (SPIN)

c=-1.390, se = .355
B =-0.415 (p<.001)

duration (2 min) which may not be long enough for social
anxiety processes to influence observable social behaviours,
particularly those elicited by social interaction. The con-
versational/discussion tasks used in the present study and
that of Leigh et al. (2021) involved social interaction with
peers and were longer, thus potentially allowing social anxi-
ety processes to impact objective social performance. The
lack of self-observer discrepancy for those with high social
anxiety in the present study also resonates with findings
from a systematic review which highlighted that negative
self-imagery, associated with SFA, can negatively impact
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Table3 Study two: differences in interoceptive sensibility (total
scores and number of participants who endorsed at least one item for
each bodily area) as measured by autonomic perception questionnaire

(APQ) across participants who scored above and below the cut-off
score on the social phobia inventory

Physiological domain Total scores

Endorsing > 1 item above 0%, n (%)

Domain Items M (SD) t (74) pvalue n (%) X? p value
- (High vs. Low) -

Low High Total Low High

(n=30) (n=46) (n=76) (n=30) (n=46)
General awareness 3 7.37(4.92) 9.63(6.85) 1.56 124 73 (96.05) 29 (96.67) 44(95.65) 0.05 .824
Blood pressure 1 0.64 (1.62) 1.43(2.36) 1.60 115 55 (72.37) 9 (30) 20(43.48) 140 .237
Temperature 3 244 (2.68) 559499 3.17 .002%* 57 (75) 19 (63.33) 38(62.61) 3.60 .058
Perspiration 1 0.66 (1.30) 1.63(2.33) 2.08 .041 41(53.95) 11(36.67) 30(65.22) 596 .015
Muscle tension 4 4.23(4.72) 9.18(7.69) 3.15 .002%* 64 (84.1) 24 (80) 40 (86.96) 0.66 .416
Heart rate 3 2.24 (3.36) 7.05(7.00) 3.50 .001* 55(72.37) 18 (60) 37(80.43) 3.79 .052
Respiration 4 329 (4.26) 5.30(5.86) 1.62 110 49 (64.47) 19(63.33) 30(65.22) 0.03 .867
Gastrointestinal 4 2.77(2.77) 6.07(6.61) 2.59 012 59 (77.63) 21 (70) 38(82.61) 1.66 .197

M mean, SD standard deviation

*p value <.00625 (Bonferroni correction for multiple comparisons)

upon both self- and observer- ratings of social performance
in neurotypical individuals with social anxiety (Ng et al.,
2014) Furthermore, the review (Ng et al., 2014) found that
self-reported negative self-imagery was more related to how
one may be perceived from an observer’s perspective, sug-
gesting that fears of negative evaluation by others during
this ongoing self-monitoring processing throughout social
interactions, and is associated with heightened social anxi-
ety. Our findings suggest that autistic young people may
show similar levels of awareness of their social differences
and perceive their social interaction in a similar way as that
objectively observed by others and consistent with recent
research findings, this is negatively impacted by social anxi-
ety. However, it was unclear from study part one what fac-
tors may be significant in contributing towards how autistic
young people construe the perception of their social perfor-
mance, whether it may be related to interoceptive sensibility
of bodily sensations related to anxiety, or whether it may be
related to cognitive factors such as assessing how one may
be perceived from an observer perspective and fear of nega-
tive evaluation by others.

Part two of the study found that although social anxi-
ety amongst autistic young people was associated with
greater state and trait SFA as well as increased interocep-
tive sensibility, only interoceptive sensibility or awareness
of bodily sensations fully mediated the relationship between
subjective social performance rating and social anxiety. Fur-
thermore, those who were more socially anxious reported
greater sensibility in bodily sensations that are related to
anxiety such as increase in bodily temperature, heart rate and
muscle tension, suggesting that there may be some specific
physiological markers perceived by the self to be associated
with social anxiety. This is in keeping with findings reported

by Palser et al. (2018) who note that increased interocep-
tive sensibility in childhood is associated with anxiety, not
autism. Therefore, our findings derived from the use of a
state/situational measure of interoceptive sensibility suggest
that it may be the somatic sensations associated with anxiety
that influences a more negative self-image and greater social
anxiety in autistic young people albeit situation specific,
though caution should be drawn when inferring direction of
causation based on the cross-sectional nature of the study.
While self-focused attentional processes at a global level
have been consistently reported to play a significant role in
the cause and maintenance of social anxiety in the literature
(see Norton and Abbott (2016) for a review), there may be
complexities in relation to autistic young people which are
relevant to our findings. The evidence for the role of self-
focused attention in social anxiety is primarily derived from
studies of typically developing adults. Enhanced process-
ing of self-relevant information and negative interpretations
and memory biases have been identified as critical to the
generation and maintenance of social anxiety. However the
field is complex and debate remains as to whether enhanced
vigilance to external cues is also relevant (Rapee & Heim-
berg, 1997). Cognitive difference in autism may alter the
emphasis in respect of the content and mode of enhanced
processing relevant to social anxiety in autism. For example,
theory of mind differences relevant to self and others” men-
tal states may reduce the tendency to focus on self-focused
internal cognitions and impaired interoceptive sensibility
may mean that internal bodily sensations are more salient
and distressing.

Relating back to the cognitive model of social anxiety,
negative self-imagery is seen both as a predisposing and
maintaining factor for social anxiety (Clark & Wells, 1995).
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One study that examined the nature of the negative self-
imagery in neurotypical adults with social anxiety disorder
found that participants reported recurrent images of visceral
and visual sensations, which also correlated with recalling
memories of aversive interpersonal experiences during early
childhood, that may have either led to the development of or
exacerbated symptoms of social anxiety in later years (Hack-
mann et al., 2000). Although we did not ask participants
to report any social adversity they may have experienced
throughout development, our findings partially resonate
with that of Hackmann et al. (2000) by showing that autis-
tic young people who have more negative self-imagery also
report more visceral sensations, and enhanced interoceptive
sensibility for certain bodily sensations related to autonomic
activation during social situations is associated with experi-
ences of elevated social anxiety. Our findings resonate with
Pickard et al. (2020) who found that interoceptive sensibil-
ity in light of enhanced SFA was associated with increased
social anxiety amongst autistic young people.

In Hackmann et al. (2000)’s study, participants reported
more visible visceral sensations such as blushing, feeling
shaky or appearing physically smaller and appearing less
attractive to others, which may be directly associated with
their concerns about how they appear in social situations
and fears of negative evaluation by others. Although a direct
comparison cannot be drawn between the current study and
that of Hackmann et al. (2000)’s as we did not explicitly
ask autistic young people to report on more visible visceral
sensations, autistic young people with greater social anxi-
ety in the current study did report enhanced internal bod-
ily sensations that may not be visible to observers (such
as heart rate and muscle tension). It is unclear whether the
elevated internal somatic sensations of autistic participants
also directly influences their cognitive appraisal of how they
may be perceived by others, and future studies may explore
to what extent self-reports of elevated internal somatic sen-
sations may correlate with more visible visceral sensations
among autistic young people who experience anxiety, to
draw direct comparisons between results from the current
study and that of Hackmann et al. (2000). One hypothesis is
that the enhanced bodily sensations may relate to the devel-
opmental pathway model of social anxiety in autism, where
greater physiological arousal and difficulties with regulation
take more of a driving seat in the development of social
anxiety for autistic young people following negative social
encounters (Bellini, 2004).

Clinical Implications
Firstly, our findings suggest that negative performance
beliefs are an important element in social anxiety experi-

enced by autistic young people. Our findings also suggest
that not only does increased interoceptive sensibility play an

@ Springer

important role in mediating the relationship between one’s
perceived self-image and social anxiety, but there appears
to be specific physiological markers (such as heart rate and
muscle tension) that are particularly elevated for those who
experience high levels of social anxiety. Although it has
been proposed that it may be ITPE (discrepancy between
interoceptive sensibility and accuracy) that predicts anxiety
in autism rather than interoceptive sensibility per se (Gar-
finkel et al., 2015, 2016), more recent studies have found
that it was interoceptive sensibility and not accuracy that
was significantly associated with social anxiety in autistic
young people (Palser et al., 2018; Pickard et al., 2020). One
clinical implication may be to enhance the psychoeducation
component of cognitive behavioural treatments for social
anxiety. This would include accessible information about the
role physiological symptoms play in anxiety and strategies to
reduce the impact of increased physiological arousal during
social situations. These treatment elements could precede or
be delivered alongside other important ingredients of effec-
tive psychological interventions for social anxiety.

Progressive muscle relaxation (PMR) was first proposed
by Jacobson (1987) and involves actively teaching clients to
distinguish between tension (muscle contraction) and relaxa-
tion (muscle release) across specific muscle groups activated
in a specific order. PMR has been evaluated for use with
individuals who have anxiety disorders such as panic disor-
der and generalised anxiety disorder as a form of relaxation
to alleviate anxiety (Conrad & Roth, 2007; McCallie et al.,
2006). For autistic young people, PMR may be potentially
beneficial in two ways. First, it may enable them to learn a
new coping mechanism to actively manage the somatic sen-
sations associated with anxiety. Second, by actively engag-
ing in muscle contraction before release muscle tension,
it may help reduce the potential prediction error between
interoceptive accuracy and sensibility. Future research may
explore the feasibility and usefulness of PMR for autistic
young people as part of treatment for social anxiety.

Limitations and Future Directions

A number of limitations should be taken into consideration
when interpreting findings from the current study. First, the
sample size for this study was relatively small and therefore
we were unable to explore whether there may be sex differ-
ences in how interoceptive sensibility and SFA may have
influenced both self-performance ratings and social anxiety
in autistic youth. The samples only included autistic indi-
viduals without co-occurring intellectual disability, and
future studies should explore the generalisability of current
findings in autistic individuals who may be minimally verbal
and/or have cognitive impairment. Participants were also
predominantly recruited within settings where small groups



Journal of Autism and Developmental Disorders (2022) 52:5500-5514

5509

may have already formed, potentially increasing familiar-
ity among group participants, reducing anxiety in the social
situation and result in underestimation of social anxiety that
participants may experience in more unfamiliar settings.
Therefore, future studies may seek to recruit a larger group
of participants and control for degree of familiarity between
group members when assessing social anxiety.

The lack of measurement of autism symptom severity is
also a limitation. We were not able to evaluate the contri-
bution, if any, of social communication difference to per-
formance ratings. Furthermore, future studies may explore
whether the mediating role played by interoceptive sensibil-
ity may stand when controlling for individual differences in
autism symptom severity. We also did not include a measure
of interoceptive accuracy to help us assess potential ITPE
differences for participants with high versus low social anxi-
ety. Future studies should directly compare to what extent
interoceptive sensibility, accuracy, and ITPE may account
for the relationship between self-imagery and social anxiety
for autistic young people, as well as explore whether ITPE
may be consistent across different physiological markers
which include but is not exclusive to heart rate. Measures
of interoceptive sensibility should ideally be contemporane-
ous and situation-specific to truly understand the relation-
ship between different indices of interoceptive processing.
Understanding specific physiological markers where greater
ITPE may be observed can help identify targets for clinical
intervention which address management of physiological
arousal amongst autistic young people who experience high
social anxiety.

Appendix 1

Measures

Social Anxiety Scale for Adolescents (SAS-A, La Greca
& Lopez, 1998). The SAS-A is an 18-item questionnaire
assessing social anxiety in adolescents. Questions are rated
using a 5-point Likert scale (1 = ‘not at all’, 4= ‘all the
time’). Higher total scores (range: 18-90) indicate higher
social anxiety. SAS-A has excellent internal consistency
(Cronbach’s «=0.92) and modest test-retest reliability
(r=0.60) (Storch et al., 2004). The SAS-A has been used
with autistic adolescents (Lei et al., 2019, 2020), and inter-
nal consistency in the current study was good (Cronbach’s
a=0.88).

Social Phobia Inventory (SPIN, Connor et al., 2000)
The SPIN is a 17-item questionnaire assessing social anxi-
ety with three sub-scales: fear, avoidance and physiological
sensations. Questions are rated using a 5-point Likert scale

(0="not at all’, 4 = ‘extremely’). Higher total scores (range:
0-68) indicate higher social anxiety. The SPIN has good
internal consistency (Cronbach’s a=0.92) and test—retest
reliability (r=0.86) in typically developing adolescents, as
well as good convergent validity with the Social Anxiety
Scale for Adolescents (r=0.82) (Johnson et al., 2006). Inter-
nal consistency in the current study was excellent (Cron-
bach’s a=0.92).

Focus of Attention Questionnaire (FAQ, Woody, 1996).
A modified version of the FAQ as described in Mellings
and Alden (2000) was used to assess SFA during the social
situation. The modified version is a 15-item questionnaire
comprising the original 10-items plus five items specific to
social anxiety, and assesses two domains: SFA (e.g., ‘I was
focusing on what I would say or do next’) and other-focused
attention (e.g., ‘I was focusing on what the other people were
saying or doing’). Questions are rated using a 5-point Likert
scale (1 =‘not at all’; 5= ‘very much’), with average scores
computed for each domain. The original FAQ has excellent
internal consistency in typically developing adults (Woody,
1996), whilst Cronbach’s alpha of the modified version was
0.87 for the SFA scale and 0.49 for the OFA scale (Mellings
& Alden, 2000). The original FAQ has been used in typi-
cally developing adolescents (e.g., Higa & Daleiden, 2008),
but neither version has been used with autistic individuals.
Internal consistency in the current study was good (Cron-
bach’s a=0.82).

Autonomic Perception Questionnaire (APQ, Mandler
et al., 1958). A modified version of the specific form of
APQ was used to assess the interoceptive sensibility during
the social situation. The modified APQ contains 23 items
assessing the presence of physiological sensations within
seven domains: general sensibility, blood pressure, temper-
ature, perspiration, muscle tension, heart rate, respiration,
and gastrointestinal symptoms. Items are rated by mark-
ing a line representing a 10-point Likert scale (0= ‘never’,
9 = ‘always’). Higher total scores (range: 0—207) indicate
greater interoceptive sensibility. Modifications for use with
autistic individuals included: (1) simplifying language to
concrete rather than metaphorical terminology, (2) organis-
ing items in to ‘body area’ groups (e.g., hands, stomach), (3)
adding images to aid understanding, (4) adding extreme and
mid-point numbers to the line, (5) grading the colour of the
scale from blue to red to represent intensity of feeling, and
(6) ensuring left to right ordering of the Likert scale. Internal
consistency in the current study was excellent (Cronbach’s
a=0.90).

Performance Scale (Cartwright-Hatton et al., 2003,
2005). A modified version of the Performance Scale was
used to assess self- and observer-ratings of social perfor-
mance during the social situation. The original measure
comprised of eight questions in relation to micro-behav-
iours (e.g., how loud and clear was your voice?), nervous
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behaviours (e.g., How much did you blush?) and global
impressions (e.g., how friendly did you look?). Cronbach’s
alpha for the original questionnaire was 0.74 for the child
(self-rated) version and 0.91 for the observer version. The
modification in the current study added an item relating
to the use of eye contact. [tems were presented as state-
ments rather than questions and participants were asked to
indicate how much they agreed with each statement. Items
were rated using a 4-point scale from ‘4’—‘strongly agree’ to
‘1’—*strongly disagree’. Higher total scores (range: 9-36)
indicate better performance. The internal consistency for
both self- and observer ratings in the current study were
good (Cronbach’s «=0.82, 0.87 respectively).
Self-Consciousness Scale (SCS, Fenigstein et al., 1975).
The SCS, a measure of trait SFA, is a 21-item questionnaire
with three sub-scales: public self-consciousness (attention
to aspects of the self-observable to others), private self-
consciousness (internal self-reflection) and social anxiety.
Items are rated using a 5-point Likert scale (0= ‘extremely
uncharacteristic’, 4 = ‘extremely characteristic’), with mean

Increases in intensity of heartbeat

no change

scores computed for each subscale and higher scores indi-
cating greater self-consciousness. The SCS has been used
in typically developing adolescents (e.g., Davis & Franzoi,
1991; Franzoi & Davis, 1991), and autistic adults (e.g.,
Blackshaw et al., 2016; Lombardo et al., 2007).

The SCS and APQ were chosen as these were well estab-
lished measures of the constructs of interest in the present
study. There has been some use of the SCS previously in
studies of autistic adults (e.g., Lombardo et al., 2007). The
APQ is also the measure with most face validity in respect
of asking participants to rate experience of bodily sensations
although we modified the presentation and format of the
measure to make it more accessible for autistic adolescents.
The APQ items were modified by including a visual cue at
the start of a group of items to illustrate the part of the body
being enquired about and specifying that each item referred
to the individual’s experience during the group discussion
task. Terms were amended by adding concrete detail to
explain the descriptors of bodily sensations. For example,
in the APQ, individuals are asked to rate changes in the
intensity of their heartbeat by indicating on a line as below:

Increases to extreme
pounding |

We amended this item by enquiring:

16. During the group discussion, did you ever notice your heart beat harder e.g. did your
heart felt like it was pounding in your chest?

0

Does not change

Perspiration
not at all

5 10
Intense to extreme pounding

Where terminology might not be accessible, we rephrased
some items accordingly. For example, we amended:

a greatf amoutit

to:

12. During the group discussion, did you ever sweat?

0

MNot at all
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5 10
Extremely sweaty
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For the SPIN, we required a measure of social anxiety
that could be administered across a broad age range. While
the SPIN was primarily developed for adults 18 years and
over, it has also demonstrated acceptable reliability for the
measurement of social phobia in adolescents (Ranta et al.,
2007). (See Fig. 2).
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