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ABSTRACT
Social anxiety may disrupt the empathic process, and well-regulated empathy is critical
for navigating the social world. Two studies aimed to further understand empathy in
the context of social anxiety. Study 1 compared individuals with elevated or
normative social anxiety on a measure assessing cognitive and affective empathy for
positive and negative emotions conveyed by other people (“targets”), completed
under social threat. Relative to individuals with normative social anxiety, individuals
with elevated social anxiety had greater cognitive empathy and no differences in
affective empathy, regardless of emotion type. As greater cognitive empathy can be
maladaptive, Study 2 tested whether this could be down-regulated. Individuals with
elevated social anxiety underwent emotional working memory training (eWMT) for
negative emotional information, or control training (CT). Effects on an empathy
measure completed under social threat were assessed. Cognitive empathy for
negative emotions decreased following eWMT but not CT, and this was only evident
for those with higher pre-training working memory capacity. Cognitive empathy for
positive emotions and affective empathy were not affected. Overall, social anxiety is
associated with aberrant elevated cognitive empathy for negative and positive
emotions, and the deviation in cognitive empathy for negative emotions can be
regulated with eWMT for certain individuals.
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Social anxiety exists on a continuum and individuals
with elevated social anxiety on the higher end of
this continuum can experience significant individual
burden (Fehm et al., 2008), with some meeting diag-
nostic criteria for social anxiety disorder (SAD; Ameri-
can Psychiatric Association, 2022). Individuals with
elevated social anxiety are characterised by concerns
about being evaluated by others and significant
anxiety in relation to social-evaluative situations.

According to psychological models of social anxiety
(Clark & Wells, 1995; Heimberg et al., 2010; for a
review, see Wong & Rapee, 2016), such anxiety can
disrupt social abilities, leading to social performance
deficits and actual negative evaluation from others.
One important social ability is empathy, a process
that has cognitive and emotional aspects which
allows an individual to know another person’s
emotional state (cognitive empathy) and share their
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emotional state (affective empathy). Empathy, when it
is well-regulated, is considered fundamental to inter-
personal functioning and navigating social inter-
actions, while empathy at extreme levels can be
maladaptive (Tone & Tully, 2014). A growing body of
research has examined empathy in the context of
social anxiety, although continued research is
needed to further understand the relationship
between these constructs, and how empathy might
be optimised in individuals with elevated social
anxiety.

From a theoretical perspective, psychological
models of social anxiety (e.g. Clark & Wells, 1995)
describe the cognitive and behavioural processes
that maintain social anxiety. Based on these models,
social anxiety that is experienced in social situations
that are perceived to be threatening may interfere
with empathic ability by disrupting normal empathic
processes which then reduces one’s capacity to be
empathic (interference hypothesis). However, an
alternative to this can also be derived from models
of social anxiety. With the perception of social
threat, elevated social anxiety is associated with
hypervigilance to evaluation from others (e.g. Heim-
berg et al., 2010). Although hypervigilance is con-
sidered a maintaining process of social anxiety, this
process of increased attention to others may also
lead to increased sensitivity to the thoughts and feel-
ings of others, and enhance empathic ability
(enhancement hypothesis; see also Tibi-Elhanany &
Shamay-Tsoory, 2011).

From an empirical perspective, there are mixed
findings with regard to social anxiety and its relation-
ship with cognitive and affective empathy, with
notable differences between studies for example in
sample type (e.g. SAD versus undiagnosed socially
anxious) and methodology (e.g. use of self-report
trait empathy measures where participant completes
a questionnaire on empathy, versus more dynamic
measures of empathy where a participant watches a
video of a target person and provides single ratings
or continuous ratings of the perceived emotion of
the target). Notably, a recent systematic review and
meta-analysis attempted to integrate these findings,
and found overall a positive association between
social anxiety and affective empathy but no associ-
ation between social anxiety and cognitive empathy
(Pittelkow et al., 2021). There were also two points
in Pittelkow et al. (2021) that were particularly rel-
evant to the present studies. First, only a very small
number of studies have used more dynamic measures

to assess cognitive and affective empathy (i.e.
Auyeung & Alden, 2016, 2020; Morrison et al., 2016),
and these studies have not consistently examined
these empathy types for both positive and negative
emotions. Second, only a very small number of
studies have examined the presence of social threat
(i.e. Auyeung & Alden, 2016, 2020), which is important
for the activation of social anxiety according to
psychological models (e.g. Clark & Wells, 1995). We
will now focus on the identified studies given their rel-
evance to the present studies.

In relation to cognitive empathy for negative
emotions, there has been mixed findings amongst
the identified studies. Auyeung and Alden (2016) in
a cross-sectional study of unselected undergraduates
found elevated social anxiety was associated with
better cognitive empathy for negative emotions
related to exclusion experiences of targets but only
in the presence of social threat (i.e. participants
informed that they would be watched by exper-
imenters). Auyeung and Alden (2020) reported two
other cross-sectional studies with similar method-
ology (one with an unselected undergraduate
sample; one with a sample of individuals with SAD)
and found the same positive relationship such that
higher levels of social anxiety and SAD were both
associated with better cognitive empathy for negative
emotions related to exclusion experiences of targets,
irrespective of the presence of a social exclusion
manipulation. In contrast, Morrison et al. (2016) in a
cross-sectional study of SAD found no difference in
cognitive empathy for negative emotions related to
personal events of targets between individuals with
SAD and healthy controls. In relation to cognitive
empathy for positive emotions, there has been more
consistent findings. The aforementioned study of
undergraduates did not find an association between
social anxiety and cognitive empathy for positive
emotions related to inclusion experiences of targets
(regardless of presence of social threat; Auyeung &
Alden, 2016), and the aforementioned study of SAD
found no difference in cognitive empathy for positive
emotions related to personal events of targets
between individuals with SAD and healthy controls
(Morrison et al., 2016). Only one study has examined
social anxiety and affective empathy separately for
positive and negative emotions. In Morrison et al.’s
(2016) study of SAD, there was no difference in
affective empathy for negative emotions related to
personal events of targets between those with SAD
and healthy controls, whereas individuals with SAD
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showed less affective empathy for positive emotions
related to personal events of targets compared to
healthy controls.

The reviewed studies on balance suggest that elev-
ated social anxiety is associated with enhanced cogni-
tive empathy for negative emotions (|Auyeung &
Alden, 2016, 2020), consistent with an enhancement
hypothesis. On the other hand, although based on
limited evidence, elevated social anxiety is associated
with deficits in affective empathy for positive
emotions (Morrison et al., 2016), consistent with an
interference hypothesis. Social anxiety does not
appear to be associated with the other types of
empathy. Given these findings, it is noteworthy that
enhanced cognitive empathy may not be adaptive
(e.g. Auyeung & Alden, 2016; Tone & Tully, 2014).
For example, greater cognitive empathy can be a
marker of excessive cognitive perspective-taking and
may facilitate vulnerability to maladaptive emotional
outcomes (Tone & Tully, 2014), and can also lead to
adverse relationship outcomes when the other in
the relationship has relationship-threatening
thoughts and feelings (Simpson et al., 2003).

These considerations raise the question of how
cognitive empathy for negative emotions and
affective empathy for positive emotions may be regu-
lated and optimised in individuals with elevated social
anxiety. Interestingly, given a deficit in affective
empathy for positive emotions in individuals with
SAD (Morrison et al., 2016), Morrison et al. (2019)
found that group cognitive–behavioural therapy
(CBT) improved affective empathy for positive
emotions, but not other forms of empathy (i.e.
affective empathy for negative emotions; cognitive
empathy for negative or positive emotions), relative
to waitlist as well as mindfulness-based stress
reduction. This finding suggests that specific forms
of empathy can be modified.

Although CBT like that used in Morrison et al.
(2019) is the gold standard treatment for SAD (e.g.
Mayo-Wilson et al., 2014), research has highlighted
that CBT does not work for all individuals with SAD,
with a meta-analysis finding a mean remission rate
of 40% at post-treatment (Springer et al., 2018). As
such, alternative interventions have been investi-
gated, including a novel intervention known as
emotional working memory training (eWMT; Schwei-
zer et al., 2011, 2013). eWMT aims to improve flexi-
bility of mental control of emotional information
during training so that individuals can apply this in
their day-to-day lives to better mentally disengage

or shift away from task-irrelevant emotional infor-
mation (e.g. negative automatic thoughts and associ-
ated distress), enable focus on the task at hand, and
achieve their goals. Although research on eWMT is
not as extensive as that on CBT, and further research
is needed to better understand different aspects of
eWMT (e.g. adherence, dropout rate, remission rate),
a number of studies have shown eWMT to improve
mental control and/or emotional symptoms in
various samples (unselected student and community
samples, e.g. Schweizer et al., 2011, 2013; sample
with elevated social anxiety, du Toit et al., 2020;
sample with post-traumatic stress disorder, Schweizer
et al., 2017). Interestingly, a related line of research has
shown that individual differences in working memory
capacity can influence the outcomes of working
memory training programs, although there are
mixed results in terms of the nature of this moderat-
ing effect. Some studies have shown that individuals
with higher pre-training working memory capacity
benefit more from training, while other studies have
shown that individuals with lower pre-training
working memory capacity benefit more from training
(e.g. Foster et al., 2017; von Bastian & Oberauer, 2013).
Based on this body of research, it may be the case that
eWMT can help to regulate empathy, and this may be
dependent on pre-training working memory capacity.
Indeed, eWMT may have particular potential to regu-
late cognitive empathy for negative emotions and
affective empathy for positive emotions in socially
anxious individuals because of its ability to improve
mental disengagement from task-irrelevant
emotional information and processes (e.g. social
anxiety symptoms, and hypervigilance to others;
Heimberg et al., 2010). This in turn enables appropri-
ate attentional processes as well as normal cognitive
and affective empathic processes to occur in the
social situation at hand.

In the present studies, we aimed to extend the lit-
erature on empathy in social anxiety to: (a) better
understand the relationship between social anxiety
and empathy (Study 1), and (b) examine whether
improving mental control of emotional information
can enable appropriate empathy in individuals with
elevated social anxiety (Study 2).

Study 1

Study 1 was a cross-sectional study comparing indi-
viduals with elevated social anxiety and individuals
with normative (i.e. non-elevated) social anxiety
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levels recruited from the community on a dynamic
empathy measure covering four types of empathy
(i.e. cognitive empathy for negative emotions and
for positive emotions of targets; affective empathy
for negative emotions and for positive emotions of
targets) completed under conditions of social threat.
Study 1 thus merges key methods from relevant exist-
ing studies (Auyeung & Alden, 2016, 2020; Morrison
et al., 2016), including use of a dynamic empathy
measure focusing on personal events of targets, and
a social threat manipulation to activate social
anxiety. This combination of methodological
elements in Study 1, alongside the results of existing
studies (Auyeung & Alden, 2016; Morrison et al.,
2016), helps to better understand the factors that
are potentially involved in the empathic processes
of individuals with elevated social anxiety (i.e. role of
social threat; role of stimuli highlighting exclusion
experiences of targets versus personal events of
targets).

Aims and hypotheses

Study 1 aimed to compare cognitive and affective
empathy for negative and positive emotions in indi-
viduals with elevated social anxiety and individuals
with normative social anxiety levels. Based on the
weighting of evidence consistent with an enhance-
ment hypothesis, we predicted that under conditions
of social threat in our study, individuals with elevated
social anxiety would have better cognitive empathy
and affective empathy for negative emotions and
positive emotions related to personal events of
targets, compared to individuals with normative
social anxiety.

Method

Participants
Participants were 15 adults with normative social
anxiety levels and 15 adults with elevated social
anxiety, matched on gender, education level, and ±
3 years of age. Empirically derived cut-off scores on
social anxiety measures were used to determine par-
ticipant social anxiety status (normative versus elev-
ated; see Measures section). Data from the
participants with elevated social anxiety have been
reported in a previous publication which included
research questions and measures not reported in
the current study (see Holder et al., 2020). Participants
were recruited from the Sydney community using

social media advertising (e.g. Facebook), word-of-
mouth, and a university-based research participant
recruitment platform. Participants received a small
monetary reimbursement or, where relevant, course
credit for their participation. There were no exclusion
criteria. Details of participants are shown in Table 1.
Sample size calculations for Study 1 are described in
Supplementary File 1.

Measures

Short versions of the Social Interaction Anxiety
Scale (SIAS-6) and the Social Phobia Scale (SPS-
6; Peters et al., 2012)
The 6-item SIAS-6 and 6-item SPS-6 measure
anxiety related to social interactions and performing
various tasks (e.g. eating, writing), respectively. Items
are rated on a 5-point Likert scale, ranging from 0
(“not at all characteristic or true of me”) to 4 (“extre-
mely characteristic or true of me”). The SIAS-6 and
SPS-6 both have demonstrated good internal consist-
ency (in the current sample, Cronbach’s α = .89 and
.94, respectively) and validity (Peters et al., 2012).
The SIAS-6 and SPS-6 were used to determine partici-
pant social anxiety status. Based on Peters et al.

Table 1. Descriptive statistics for Study 1 participants.

Variable

Normative
social anxiety

(n = 15)

Elevated social
anxiety
(n = 15)

Age in years, M (SD) 26.00 (7.92) 26.47 (8.33)
Gender (female), n (%) 12 (80%) 12 (80%)
Country of birth (Australia), n (%) 10 (67%) 12 (80%)
Highest education level
(completed post-school
qualification), n (%)

7 (47%) 7 (47%)

Employment (employed), n (%) 9 (60%) 6 (40%)
SIAS-6, M, (SD) 1.07 (0.88) 8.73 (4.82)
SPS-6, M, (SD) 0.53 (0.52) 10.33 (5.61)
DASS-D, M, (SD) 4.13 (4.98) 12.93 (7.55)
Empathic accuracy task
Cognitive empathic accuracy
for negative emotions, M, (SD)

0.79 (0.45) 1.14 (0.16)

Cognitive empathic accuracy
for positive emotions, M, (SD)

0.95 (0.43) 1.24 (0.28)

Affective empathic accuracy
for negative emotions, M, (SD)

0.40 (0.34) 0.62 (0.30)

Affective empathic accuracy
for positive emotions, M, (SD)

0.76 (0.40) 0.81 (0.37)

Note: The four variables derived from the empathic accuracy task are
averaged transformed Pearson correlations reflecting an overall
estimate of empathic accuracy for the four empathy domains
(higher scores indicate greater empathic accuracy). SIAS-6 =
Social Interaction Anxiety Scale 6-item version; SPS-6 = Social
Phobia Scale 6-item version; DASS-D = Depression; Anxiety Stress
Scales – Depression subscale.
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(2012), individuals who scored seven or higher on the
SIAS-6 or two or higher on the SPS-6 were considered
to have elevated social anxiety, whereas those who
scored six or lower on the SIAS-6 and zero or one
on the SPS-6 were considered to have a normative
level of social anxiety.

Depression Anxiety Stress Scales (21-item
version) – Depression subscale (DASS-D;
Lovibond & Lovibond, 1995)
The 7-item DASS-D assesses levels of depression over
the past week and was administered for the purpose
of sample description. Items are rated on a 4-point
Likert scale, ranging from 0 (“did not apply to me at
all”) to 3 (“applied to me very much, or most of the
time”). Following Lovibond and Lovibond (1995), the
DASS-D score was doubled to obtain the full DASS
score equivalent. The DASS-D has demonstrated
good internal consistency (in the current sample,
Cronbach’s α = .86) and validity (Antony et al., 1998).

Modified State-Trait Anxiety Inventory – State
subscale 3-item version (STAI-S3)
The original STAI-S (Spielberger et al., 1983) is com-
posed of 20 items. A 3-item version of the STAI-S, hen-
ceforth referred to as the STAI-S3, was developed for
the current study to enable an efficient assessment
of state anxiety before and after the provision of
social threat (see Procedure; for similar modifications
of the STAI-S, see Reyes et al., 2020). Participants
rated items referring to feeling nervous, worried,
and tense in terms of “how you feel right now”.
Each item was rated using a 4-point Likert scale
from 1 to 4, with higher scores reflecting higher
state anxiety. The 3 items were selected because
they are the three positively worded items (i.e.
worded in the same direction as the scale’s total
score) with the highest factor loadings on the STAI-S
factor (see Vigneau & Cormier, 2008). Preliminary evi-
dence suggests that the STAI-S3 has good internal
reliability (in the current sample, Cronbach’s α = .83).

Empathic accuracy task (Zaki et al., 2008)
We used a modified version of the empathic accuracy
task (Zaki et al., 2008) used in Morrison et al. (2016) to
measure cognitive empathy and affective empathy for
both positive and negative emotions (for a schematic
of the empathic accuracy task procedure, see Morri-
son et al., 2016). The dynamic and performance-
based nature of this task provides a more ecologically
valid assessment of empathy compared to other

measures of empathy (e.g. self-report measures). The
task consists of 10 brief video clips (i.e. each < 180 s;
M = 125 s) of individuals (“targets”) discussing
emotional and personally-relevant life events. There
were four male targets and six female targets, with
five targets conveying an overall positive story and
five targets conveying an overall negative story.
During the creation of the task by Zaki et al. (2008),
after targets were filmed, they watched their own
videos and provided continuous (i.e. moment-to-
moment) ratings of the level of positive or negative
valence they had experienced at each moment in
the video clip using a 9-point Likert scale (1 = very
negative to 9 = very positive). As participants complete
the empathic accuracy task, their moment-to-
moment perceptions of the target’s emotions are
typically correlated with the targets’ self-ratings to
provide an index of cognitive empathy (Ripoll et al.,
2013; Zaki et al., 2008).

In the current study, participants watched each of
the 10 video clips on a laptop screen and were
instructed to either provide continuous ratings for
how the person in the video was feeling or provide
continuous ratings of how they themselves were
feeling while watching the video clip. In total, there
were: three videos with targets conveying negative
emotions where participants were asked to rate how
the person in the video was feeling (i.e. cognitive
empathy for negative emotions), two videos with
targets conveying positive emotions where partici-
pants were asked to rate how the person in the
video was feeling (i.e. cognitive empathy for positive
emotions), two videos with targets conveying nega-
tive emotions where participants were asked to rate
their own emotions while watching the video clip
(i.e. affective empathy for negative emotions), and
three videos with targets conveying positive
emotions where participants were asked to rate
their own emotions while watching the video clip
(i.e. affective empathy for positive emotions). Videos
were presented in the same pseudo-random order
to all participants. To make their ratings, participants
used a 101-point slider scale (0 = very negative to
100 = very positive) presented at the bottom of the
laptop screen under each video. In general, cognitive
empathic accuracy for relevant videos was deter-
mined by the correlation between the target
ratings and the participant ratings for how the
person in the video was feeling. Affective empathic
accuracy for relevant videos was determined by the
correlation between the target ratings and the
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participant ratings of their own emotions while
watching the video clip.

More specifically, to calculate indices of empathic
accuracy, participant ratings were first rescaled to be
consistent with the 9-point scale used by Morrison
et al. (2016) (i.e. using Y = 0.08*X + 1). Participant
ratings were sampled every 500 milliseconds, and
consecutive blocks of four ratings were averaged,
with each two-second averaged rating then forming
one datapoint in the time-series data for analysis
(see Morrison et al., 2016). The same data-reduction
approach was applied to target ratings. Pearson corre-
lations were computed for target and participant
time-series data for each video and then transformed
using the Fisher r-to-z transformation to normalise the
distribution of correlations. Transformed Pearson cor-
relations for relevant videos were then averaged to
obtain an overall empathic accuracy score for the
four domains (cognitive empathy for negative
emotions, cognitive empathy for positive emotions,
affective empathy for negative emotions, affective
empathy for positive emotions), with higher scores
reflecting greater empathic accuracy. Previous
studies have provided evidence of the construct val-
idity of the empathic accuracy task (e.g. cognitive
empathic accuracy for negative emotions derived
from the empathic accuracy task was positively corre-
lated with participant self-reported trait empathy;
Ripoll et al., 2013).

Procedure
Ethics approval was obtained from the Western
Sydney University Human Research Ethics Committee.
The study was preregistered as part of a larger study
with the Australian New Zealand Clinical Trials Regis-
try (ACTRN12618001196235). Interested individuals
contacted the researchers and were emailed a link
to online versions of the SIAS-6, SPS-6, and DASS-D.
Participants were then invited to an individual in-
person research session, where they provided
informed consent, completed a demographics ques-
tionnaire, the STAI-S3, and were then administered
the social threat. Specifically, they were informed
that later in the session, they would be asked to com-
plete an impromptu speech task. They were informed
that their speech would be video-recorded using a
camera embedded in the researcher’s laptop, and
that their speech performance would be evaluated
by the research team. Participants then completed
another STAI-S3. Following this, participants com-
pleted the empathic accuracy task and other

assessment measures not analysed in the current
study (i.e. an anxiety-related questionnaire together
with an executive function task). The order of presen-
tation of the empathic accuracy task and the other
assessment measures was randomised. Participants
then completed a 2-minute speech task; they were
given a speech topic, 1 min to prepare, and then
2 min to deliver the speech in front of the camera
embedded in the researcher’s laptop. Recorded
speech task performances were not analysed for the
current study.

Statistical analyses
A one-way analysis of variance (ANOVA) or chi-square
tests were used to determine whether there were
differences between the two social anxiety groups.
As a manipulation check, linear mixed models were
used to examine change in state anxiety from
before to after the provision of social threat (i.e. expla-
nation of speech task). For the main analyses, follow-
ing Morrison et al. (2016), analyses were conducted
separately for cognitive empathy and affective
empathy. Linear mixed models were used for analysis
with Group (elevated versus normative social anxiety),
the repeated-measures variable Valence (target
conveys negative emotions versus target conveys
positive emotions), and a Group x Valence interaction
specified as fixed effects, and an intercept term for
subjects specified as a random effect.

Results

Preliminary analyses
Data screening. Data screening results are described
in Supplementary File 2.

Group differences. Participants with elevated social
anxiety and normative social anxiety did not signifi-
cantly differ on demographic variables, all ps > .114,
and as expected, the elevated social anxiety group
had higher scores on the SIAS-6, SPS-6, and DASS-D,
all ps < .001 (see Table 1).

Manipulation check for the social threat induction.
Relative to reported state anxiety at baseline,M = 4.77
(SD = 1.83), there was significantly higher reported
state anxiety following the information given by the
experimenter about the impending speech task, M
= 5.77 (SD = 2.45), t(30) = 2.22, p = .034, d = 0.40. This
indicates that the impending speech task was
anxiety-provoking for participants and successful as
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a social threat. Further analyses also showed that
there was no significant interaction between Group
(elevated versus normative social anxiety) and Time
(baseline versus after provision of information about
speech task), t(30) = 0.30, p = .769, indicating the two
groups had similar increases in anxiety.

Primary analyses
In the mixed model predicting cognitive empathic
accuracy, the Valence main effect and the Valence x
Group interaction were not significant, both ts < |
1.43|, both ps > .164. However, the Group main
effect was significant, reflecting higher cognitive
empathic accuracy on average across the two
valence conditions for the elevated social anxiety
group compared to the normative social anxiety
group, B = 0.32, 95% CI [0.13, 0.51], t(30) = 3.45, p
= .002, Cohen’s d = 0.92. Notably, exploratory analyses
confirmed similar effects when each of the valence
conditions were specifically examined (negative
emotions: B = 0.35, 95% CI [0.10, 0.60], t(58.73) =
2.84, p = .006, Cohen’s d = 1.04; positive emotions: B
= 0.29, 95% CI [0.05, 0.54], t(58.73) = 2.38, p = .020,
Cohen’s d = 0.81).

In the mixed model predicting affective empathic
accuracy, the Group main effect and the Valence x
Group interaction were not significant, both ts < |
0.93|, both ps > .358. The Valence main effect was sig-
nificant, reflecting higher affective empathic accuracy
on average across the two participant groups for
when targets conveyed positive emotions compared
to when targets conveyed negative emotions, B =
−0.27, 95% CI [−0.45, −0.10], t(60) =−3.08, p = .003,
Cohen’s d = 0.53.

Study 1 Discussion

When under social threat, relative to individuals with
normative social anxiety, individuals with elevated
social anxiety demonstrated higher cognitive
empathic accuracy when a target conveyed negative
emotions, as well as when a target conveyed positive
emotions, consistent with predictions. Inconsistent
with predictions, we found individuals with elevated
versus normative social anxiety did not differ in
terms of affective empathic accuracy for targets con-
veying negative or positive emotions, although on
average across the two groups, there was greater
affective empathic accuracy for targets conveying
positive emotions compared to negative emotions.

The interesting finding is that elevated social
anxiety was associated with greater accuracy in
terms of cognitive empathy in general, regardless of
emotion conveyed by targets. This finding aligns
with previous research showing elevated social
anxiety was associated with greater cognitive
empathy for negative emotions related to exclusion
experiences of targets but only in the presence of
social threat (Auyeung & Alden, 2016). Our study
extends this previous research beyond situations
where targets are discussing exclusion experiences,
by showing that under social threat, elevated social
anxiety is also associated with excessive cognitive
empathy when targets are discussing personal
events of a negative or positive nature.

One potential explanation for the cognitive
empathy results is that the hypervigilance to evalu-
ation from others that characterises individuals
with elevated social anxiety, particularly when
faced with social threat, may allow greater sensi-
tivity at a cognitive level to the emotions that
others are feeling (Tibi-Elhanany & Shamay-Tsoory,
2011), consistent with the enhancement hypothesis.
Interestingly, the enhancement hypothesis, as well
as the interference hypothesis, did not appear
to apply to affective empathy in that individuals
with elevated social anxiety were comparable to
their counterparts with normative levels of social
anxiety in sharing the negative or positive emotions
of targets. The affective empathy results are difficult
to directly compare with the only other study
that has examined affective empathy using a
dynamic empathy task in individuals with SAD and
healthy controls (Morrison et al., 2016) because the
previous study did not administer a social threat.
The current study’s findings in relation to affective
empathy nonetheless suggest that in the presence
of social threat, there is no interference to nor
enhancement of the sharing of emotions for individ-
uals with elevated social anxiety relative to those
with normative social anxiety levels. Overall, these
results, and their relationships with the enhance-
ment and interference hypotheses, collectively
suggest that cognitive and affective empathy are
distinct processes, consistent with previous work
(e.g. Zaki & Ochsner, 2012). Given this, it may be
that hypervigilance, a cognitive process that can
help enhance cognitive awareness of others’ nega-
tive and positive emotions, is functionally indepen-
dent of processes related to the felt sense of
others’ emotions.
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Study 2

Given Study 1 has shown that under social threat,
individuals with elevated social anxiety exhibit
greater cognitive empathy than their counterparts
with normative social anxiety, it is possible then that
this increased cognitive empathy might contribute
to maladaptive emotional and relational outcomes
(Simpson et al., 2003; Tone & Tully, 2014). Interven-
tions such as eWMT that can improve mental
control over emotional information and allow better
disengagement from potential processes contributing
to elevated cognitive empathy (e.g. hypervigilance to
others) should then enable appropriate empathic pro-
cesses to occur. Hence, Study 2 examined whether
eWMT can help to regulate elevated levels of cogni-
tive empathic accuracy in individuals with elevated
social anxiety.

Aims and hypotheses

Study 2 had two main aims: (a) to examine the effect
of an eWMT task, designed to train mental control
over negative emotional information, versus a
control training (CT) procedure, on cognitive and
affective empathy for negative emotions and positive
emotions in individuals with elevated social anxiety,
and (b) to test whether pre-training working
memory capacity influenced the effect of eWMT
versus CT. The latter aim was based on previous evi-
dence showing the moderating effect of pre-training
working memory capacity on the outcomes of
working memory training programs, although as
mentioned previously, there are mixed results as to
the nature of this moderation (e.g. von Bastian &
Oberauer, 2013).

Based on previous eWMT studies (e.g. Schweizer
et al., 2011), the finding that aberrations in empathy
can be ameliorated (Morrison et al., 2019), and the
nature of the eWMT task in this study (i.e. trains
mental control over negative emotional information
which may help to disengage hypervigilance to nega-
tive emotional information), we predicted individuals
with elevated social anxiety would have a decrease in
their cognitive empathy for negative emotions (i.e.
down-regulation of enhanced cognitive empathic
accuracy so it is no longer elevated) following
eWMT, but not following CT. Although previous
research also suggests that this proposed training
effect might be moderated by individual pre-training
working memory capacity (e.g. von Bastian &

Oberauer, 2013), the mixed results in previous work
meant that we did not have a specific prediction
regarding pre-training working memory capacity as
a moderator. Rather, our test of pre-training working
memory capacity as a moderator was exploratory.
Considering the nature of the eWMT task focused
on negative emotional information, we also did not
expect an effect of eWMT (relative to CT) on cognitive
empathy for positive emotions. Finally, given in Study
1 there was no difference in affective empathic accu-
racy (regardless of emotion conveyed by target)
between individuals with elevated versus normative
social anxiety (i.e. affective empathy was not aberrant
in the elevated social anxiety group), we did not
expect an effect of eWMT (relative to CT) on
affective empathy for negative or positive emotions
in Study 2.

Method

Participants
Participants were 40 adults with elevated social
anxiety recruited from the Sydney community (35
females; mean age in years = 22.95; SD = 7.17; SIAS-6
and SPS-6 cut-off scores were used to determine elev-
ated social anxiety status, as in Study 1). Data from
these participants have been reported in a previous
publication which included research questions and
measures not reported in the current study (see du
Toit et al., 2020). Recruitment methods and reimbur-
sements for participation were the same as those
used in Study 1. There were no exclusion criteria.
There was no overlap in participants for Study 1 and
Study 2. Participants of Study 2 were randomly allo-
cated to either the eWMT condition (n = 21) or the
CT condition (n = 19). Descriptive characteristics of
participants are shown in Table 2. Sample size calcu-
lations for Study 2 are described in Supplementary
File 1.

Design
The study had a single-blind randomised design. Ran-
domisation occurred at the start of the study using a
random number generator. Researchers conducting
the study were informed of participant training con-
dition allocation (eWMT or CT) after participants had
been recruited into the study, and researchers were
therefore not blinded to training condition allocation.
Participants were informed that they would be under-
taking working memory training. They were not
informed that there were actually two training
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conditions, one of which was a CT condition, and they
were not informed of the condition to which they
were allocated. Outcomes were assessed at pre-train-
ing and post-training. A CONSORT flow diagram is
shown in Figure 1.

Interventions
Emotional working memory training (eWMT) task.
The eWMT task was a dual n-back task from Schweizer
et al. (2011) designed to train mental control over
negative emotional information. Participants in the
task simultaneously monitored: (a) visual stimuli
(70% negative emotional faces, e.g. angry, sad,
fearful, and 30% neutral faces) presented for 500 milli-
seconds in one of 16 locations on a 4 × 4 grid on a
laptop screen, and (b) auditory stimuli (70% negative
emotional words, e.g. rape, evil, and 30% neutral
words, e.g. tree, book) presented for 350–900 millise-
conds through a speaker. Any time from the onset of
each face-word presentation to the onset of the next
trial after 2500 milliseconds, participants needed to
indicate whether the just-displayed visual stimulus
was in the same location as that presented n presen-
tations prior by pressing the left arrow key, and
whether the previously presented auditory stimulus
was the same as that presented n presentations
prior by pressing the right arrow key. If both the
visual stimulus location and auditory stimulus was
the same as that presented n presentations prior,

participants needed to press both the left and right
arrow keys. If the visual stimulus location or the audi-
tory stimulus was not the same as that presented n
presentations prior, participants were instructed to
press neither of the keys. Auditory feedback was
given for correct responses (single long high-pitch
tone) and incorrect or missed responses (two short
low-pitch tones). Individual training sessions con-
sisted of multiple blocks (number of blocks differed
depending on how many blocks an individual partici-
pant could complete in 10 min) and each block had
20 + n picture-word pair trials. Six trials in each block
were “target trials” where each presented a stimulus
that matched the stimulus n positions back (two for
visual modality, two for auditory modality, two for
visual and auditory modalities simultaneously). Train-
ing started with n-back = 1, and when three or more
consecutive trials were completed accurately, the n-
back level increased by 1 for the next block.
However, when five or more consecutive trials were
completed inaccurately, the n-back level decreased
by 1 for the next block (to a minimum of n = 1). In
this way, the task monitors and adjusts so participants
are always working at their peak performance level.
Performance level on the eWMT for each training
session was indicated by the mean level of n-back
achieved. The training schedule was such that partici-
pants completed six 10-minute individual training ses-
sions, with one session per day over six consecutive

Table 2. Descriptive statistics for Study 2 participants in the eWMT and CT conditions.

Variable Time

eWMT
(n = 21)

CT
(n = 19)

M (SD) M (SD)

Age in years, M (SD) Pre-training 22.57 (6.32) 23.37 (8.17)
Gender (female), n (%) Pre-training 17 (81.0%) 18 (94.7%)
Country of birth (Australia), n (%) Pre-training 16 (76.2%) 16 (84.2%)
Highest qualification (completed secondary school), n (%) Pre-training 13 (61.9%) 12 (63.2%)
Employment (employed), n (%) Pre-training 14 (66.7%) 16 (84.2%)
SIAS-6, M, (SD) Pre-training 10.71 (5.31) 9.32 (5.57)
SPS-6, M, (SD) Pre-training 11.52 (6.36) 10.05 (5.40)
DASS-D, M, (SD) Pre-training 18.67 (11.09) 12.74 (9.53)
DSBT, M, (SD) Pre-training 4.91 (1.58) 4.72 (1.15)
Empathic accuracy task
Cognitive empathic accuracy for negative emotions, M, (SD) Pre-training 1.15 (0.30) 1.01 (0.30)

Post-training 1.06 (0.24) 1.05 (0.33)
Cognitive empathic accuracy for positive emotions, M, (SD) Pre-training 1.23 (0.26) 1.19 (0.40)

Post-training 1.33 (0.20) 1.27 (0.35)
Affective empathic accuracy for negative emotions, M, (SD) Pre-training 0.48 (0.26) 0.56 (0.36)

Post-training 0.60 (0.28) 0.61 (0.31)
Affective empathic accuracy for positive emotions, M, (SD) Pre-training 0.83 (0.37) 1.03 (0.23)

Post-training 0.90 (0.29) 1.08 (0.18)

Note: The four variables derived from the empathic accuracy task are averaged transformed Pearson correlations reflecting an overall estimate
of empathic accuracy for the four empathy domains (higher scores indicate greater empathic accuracy). eWMT = Emotional working memory
training; CT = Control training; SIAS-6 = Social Interaction Anxiety Scale 6-item version; SPS-6 = Social Phobia Scale 6-item version; DASS-D =
Depression Anxiety Stress Scales – Depression subscale; DSBT = Digit Span Backwards Task.
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days (with the exception of weekends). Notably, this
eWMT schedule was different to that used in Schwei-
zer et al. (2011), which involved 20 sessions in total
each about 20 min in duration spread over a month.

Control training (CT) task. The CT task was a feature
match task that had minimal demands on

participants’ working memory, similar to the CT task
used in Schweizer et al. (2011). However, unlike the
Schweizer et al. (2011) CT task which used geometrical
shapes as the visual stimuli, the current study’s CT task
used the same visual stimuli as the eWMT task (i.e.
70% negative emotional faces and 30% neutral
faces). Participants were presented with a series of

Figure 1. CONSORT flow diagram. eWMT = Emotional working memory training; CT = Control training.
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trials on a laptop screen, with each trial consisting of
two panels presented on the left and right of the
screen. Each panel contained a minimum of eight
faces, and participants were required to indicate
whether the panels were identical. Participants were
provided with auditory feedback on whether a
response was correct or incorrect. The number of
faces presented in subsequent trials increased with
improved performance to a maximum of 12 faces
per panel. Performance level on the CT task was indi-
cated by a composite score which accounted for: the
number of correct trials, number of trials attempted,
and reaction time. The training schedule was such
that participants completed six 10-minute individual
training sessions, with one session per day over six
consecutive days (with the exception of weekends).
Notably, this CT schedule was different to that used
in Schweizer et al. (2011), which involved 20 sessions
in total each of 20 min in duration spread over a
month.

Measures
The SIAS-6, SPS-6, DASS-D, and empathic accuracy
task as described in Study 1 were used again in
Study 2. Empathic accuracy task data in Study 2
were processed in the same way as described in
Study 1.

Digit span backwards task (DSBT; Wechsler, 2008).
This task assessed working memory capacity for
neutral stimuli (i.e. numbers). Participants were verb-
ally provided with a series of numbers, increasing
from two digits to eight digits, which they then
repeated verbally but in reverse order. The task had
14 trials (2 trials for each digit span) and was
stopped when participants had both trials incorrect
for a specific digit span. Following Schweizer et al.
(2011), the maximum number of digits repeated in
reverse order correctly was used as the outcome for
this task.

Procedure
Ethics approval was obtained from the Western
Sydney University Human Research Ethics Committee.
The study was part of a larger study pre-registered
with the Australian New Zealand Clinical Trials Regis-
try (ACTRN12618001196235). Interested individuals
contacted the researchers and were emailed a link
to online versions of the SIAS-6, SPS-6, and DASS-D.
Individuals who had elevated social anxiety (as per
SIAS-6 and SPS-6 cut-off scores) were invited to an

individual in-person pre-training session, where they
provided informed consent. Participants then com-
pleted a demographics questionnaire, the DSBT, and
were then administered the social threat. Specifically,
they were informed that later in the session, they
would be asked to complete an impromptu speech
task. They were informed that their speech would
be video-recorded using a camera embedded in the
researcher’s laptop, and that their speech perform-
ance would be evaluated by the research team. Fol-
lowing this, participants completed the empathic
accuracy task and other assessment measures not
analysed in the current study (i.e. a task assessing
attention, which was randomised in terms of order
with the empathic accuracy task, followed by an
anxiety-related questionnaire). Participants then com-
pleted a 2-minute speech task; they were given a
speech topic, 1 min to prepare, and then 2 min to
deliver the speech in front of the camera embedded
in the researcher’s laptop. Recorded speech task per-
formances were not analysed for the current study.

Participants subsequently completed either the
training schedule for the eWMT task or the training
schedule for the CT task, depending on their allocated
condition. Following the training sessions, partici-
pants attended an individual post-training session,
which involved repeated administration of com-
ponents from the pre-training session (i.e. adminis-
tration of a social threat, the empathic accuracy task
and assessment measures not analysed in the
current study, speech task).

Statistical analyses
A one-way ANOVA or chi-square tests were used to
determine whether there were pre-training differ-
ences between the two conditions. Linear mixed
models analyses with time specified as a fixed effect
and an intercept term for subjects specified as a
random effect were conducted to examine training
performance changes over the six training sessions
for each training condition separately (as the training
performance variable for each training condition was
different). For the empathic accuracy task, consistent
with Study 1 and Morrison et al. (2016), analyses
were conducted separately for cognitive empathy
and for affective empathy. Furthermore, we opted to
further separate these analyses by the emotions of
targets to examine cognitive empathy for negative
and positive emotions separately, and affective
empathy for negative and positive emotions separ-
ately. This was done considering the number of
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factors in Study 2 (see below) and to prevent an
underpowered analysis of a model involving a four-
way interaction (cf. sample size calculation focused
on Time x Condition interaction). Hence, for each of
the empathy variables, linear mixed models analyses
were used to examine the effect of training on
change in empathy such that: Time (Pre- versus
Post-training), Condition (eWMT versus CT), and an
interaction involving these factors were specified as
fixed effects, and an intercept term for subjects was
specified as a random effect. These analyses were
then replicated but with pre-training social anxiety
and depression levels added as covariates to allow
modelling of symptom levels, consistent with du
Toit et al. (2020). For each of the empathy variables,
linear mixed models analyses were also used to
examine pre-training working memory capacity
(DSBT) as a moderator of the effect of training on
change in empathy such that: Time (Pre- versus
Post-training), Condition (eWMT versus CT), pre-train-
ing working memory capacity (DSBT), and interactions
involving these factors were specified as fixed effects,
and an intercept term for subjects was specified as a
random effect. These analyses were again repeated
with pre-training social anxiety and depression
levels added as covariates. For all analyses, interpret-
ation focused on the Time x Condition interaction.
The linear mixed models analyses incorporated all
available data, including participants with at least
one data point on outcome variables under the
missing-at-random assumption. Thus, our analyses
followed the intention-to-treat principle.

Results

Preliminary analyses
Data screening. Data screening results are described
in Supplementary File 2. Two participants who did not
adhere to the study protocol and four participants
who dropped out were retained for analyses following
the intention-to-treat principle.

Pre-training differences. The eWMT and CT con-
ditions did not significantly differ on the pre-training
variables shown in Table 2, all ps > .052. Notably the
Study 2 sample had significantly higher pre-training
cognitive empathic accuracy for negative and positive
emotions, and similar affective empathic accuracy for
negative and positive emotions, when compared to
the Study 1 sample with normative social anxiety
(see Supplementary File 3).

Training performance
Dual N-back task for eWMT. Figure 2 (Panel A) shows
the training performance changes during eWMT.
There was a significant effect of Time, B = 0.28, 95%
CI [0.20, 0.35], t(97.66) = 7.34, p < .001, indicating the
mean level of n-back achieved increased over the
training, reflecting performance improvements.
Based on the modelled mean difference between
Session 1 and Session 6, and the SD at Session 1,
Cohen’s d = 1.57 for the Time effect.

Feature match task for CT. Figure 2 (Panel B) shows
the training performance changes during CT. There
was a significant effect of Time, B = 34.73, 95% CI
[24.96, 44.49], t(89.57) = 7.06, p < .001, indicating
the composite score of the feature match task
increased over the training, reflecting performance
improvements. Based on the modelled mean differ-
ence between Session 1 and Session 6, and the
SD at Session 1, Cohen’s d = 1.57 for the Time effect.

The effect of training on empathic accuracy1

Cognitive empathic accuracy for negative
emotions. Results are shown in Table 3. In the first
analysis examining the training effect, and in the
replication of this analysis with pre-training social
anxiety and depression levels added as covariates,
the Time x Condition interactions were non-signifi-
cant (both ps > .211). In the analysis examining
pre-training working memory capacity (DSBT) as a
moderator of the training effect, there was a signifi-
cant Time x Condition interaction (p = .038), but this
was secondary to a significant Time x Condition x
DSBT interaction (p = .014). In the replication of
this analysis with pre-training social anxiety and
depression levels added as covariates, the Time x
Condition interaction, and the Time x Condition x
DSBT interaction, remained significant (ps = .036
and .013, respectively).

To probe the structure of the significant three-way
interaction in the model with working memory
capacity as a moderator of the training effect and cov-
ariates, simple slopes analyses were conducted to
examine the eWMT versus CT training effect at low
and high levels of pre-training working memory
capacity (i.e. 1 SD below and 1 SD above the mean
on the DSBT variable, respectively). At low levels of
pre-training working memory capacity, there was no
significant pre- to post-training change in cognitive
empathic accuracy for negative emotions for the
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Figure 2. Panel A (top panel): Training performance changes for the dual n-back task during emotional working memory training (eWMT).
Panel B (bottom panel): Training performance changes for the feature match task during control training (CT). Error bars represent standard
errors.
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eWMT condition, B = 0.04, 95% CI [−0.14, 0.22], z =
0.45, p = .655, or the CT condition, B =−0.10, 95% CI
[−0.32, 0.19], z =−0.90, p = .367. At high levels of
pre-training working memory capacity, there was no
significant pre- to post-training change in cognitive
empathic accuracy for negative emotions for the CT
condition, B = 0.19, 95% CI [−0.03, 0.42], z = 1.69, p
= .091, but there was a significant pre- to post-training
decrease in cognitive empathic accuracy for negative
emotions for the eWMT condition, B =−0.22, 95% CI
[−0.40, −0.04], z =−2.45, p = .014. Based on the mod-
elled mean difference between pre- and post-training,
and the SD at pre-training, the decrease in cognitive
empathic accuracy for negative emotions for the
eWMT condition in terms of Cohen’s d was 0.72.

Cognitive empathic accuracy for positive emotions.
Results are shown in Table 3. There were no significant
Time x Condition interactions or Time x Condition x
DSBT interactions in any of the models (all ps > .103).

Affective empathic accuracy for negative emotions.
Results are shown in Table 4. There were no significant
Time x Condition interactions or Time x Condition x
DSBT interactions in any of the models (all ps > .608).

Affective empathic accuracy for positive emotions.
Results are shown in Table 4. There were no significant
Time x Condition interactions or Time x Condition x
DSBT interactions in any of the models (all ps > .556).

Study 2 Discussion

Against predictions, there was no differential effect of
eWMT versus CT on cognitive empathy for negative
emotions in individuals with elevated social anxiety.
However, when pre-training working memory
capacity was examined as a moderator of the training
effect, a differential training effect was found for those
with higher pre-training working memory capacity
such that cognitive empathic accuracy for negative

Table 3. Effects of eWMT and CT on cognitive empathic accuracy for negative and positive emotions of targets in Study 2.

Variable

Training effect
Training effect, with

covariates

Training effect, with pre-
training working memory as

moderator

Training effect, with pre-
training working memory as
moderator and covariates

B [95% CI] p B [95% CI] p B [95% CI] p B [95% CI] p

Negative emotions
Intercept 1.01 [0.88, 1.14] <.001 0.93 [0.75, 1.10] <.001 1.14 [0.59, 1.69] <.001 1.17 [0.62, 1.72] <.001
SIAS-6 – – 0.02 [0.00, 0.04] .030 – – 0.02 [0.01, 0.04] .025
SPS-6 – – 0.01 [−0.01, 0.02] .492 – – 0.01 [−0.01, 0.02] .386
DASS-D – – −0.01 [−0.02,

0.00]
.007 – – −0.01 [−0.02, 0.00] .004

DSBT – – – – −0.03 [−0.14, 0.09] .634 −0.05 [−0.16, 0.06] .339
Time 0.05 [−0.11, 0.20] .537 0.04 [−0.12, 0.20] .597 −0.47 [−1.11, 0.18] .150 −0.47 [−1.11, 0.17] .144
Condition 0.13 [−0.04, 0.31] .139 0.17 [−0.01, 0.34] .051 −0.25 [−0.93, 0.43] .471 −0.46 [−1.10, 0.18] .157
Time x Condition −0.13 [−0.35,

0.08]
.221 −0.14 [−0.35,

0.08]
.211 0.83 [0.05, 1.61] .038 0.84 [0.06, 1.62] .036

Time x DSBT – – – – 0.11 [−0.02, 0.24] .104 0.11 [−0.02, 0.24] .103
Condition x DSBT – – – – 0.08 [−0.06, 0.22] .256 0.13 [0.00, 0.26] .051
Time x Condition
x DSBT

– – – – −0.20 [−0.36,
−0.04]

.014 −0.20 [−0.36,
−0.04]

.013

Positive emotions
Intercept 1.19 [1.05, 1.33] <.001 1.16 [0.96, 1.36] <.001 1.46 [0.87, 2.05] <.001 1.62 [0.98, 2.40] <.001
SIAS-6 – – 0.02 [0.00, 0.04] .100 – – 0.02 [0.00, 0.04] .054
SPS-6 – – 0.00 [−0.02, 0.02] .813 – – 0.00 [−0.01, 0.02] .590
DASS-D – – −0.01 [−0.02,

0.00]
.023 – – −0.02 [−0.03,

−0.01]
.002

DSBT – – – – −0.06 [−0.18, 0.06] .345 −0.10 [−0.21, 0.02] .190
Time 0.08 [−0.06, 0.21] .262 0.07 [−0.06, 0.21] .275 −0.40 [−0.97, 0.18] .169 −0.38 [−0.96, 0.20] .027
Condition 0.04 [−0.15, 0.23] .653 0.09 [−0.10, 0.27] .359 −0.50 [−1.23, 0.23] .179 −0.78 [−1.47,

−0.09]
.100

Time x Condition 0.03 [−0.16, 0.21] .774 0.02 [−0.16, 0.21] .816 0.58 [−0.12, 1.28] .103 0.56 [−0.14, 1.26] .113
Time x DSBT – – – – 0.10 [−0.02, 0.22] .095 0.09 [−0.02, 0.21] .109
Condition x DSBT – – – – 0.11 [−0.04, 0.26] .134 0.18 [0.04, 0.33] .012
Time x Condition
x DSBT

– – – – −0.11 [−0.26, 0.03] .109 −0.11 [−0.25, 0.03] .115

Note: eWMT = Emotional working memory training; CT = Control training; SIAS-6 = Social Interaction Anxiety Scale 6-item version; SPS-6 =
Social Phobia Scale 6-item version; DASS-D = Depression Anxiety Stress Scales – Depression subscale; DSBT = Digit Span Backwards Task.
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emotions decreased following eWMT and did not sig-
nificantly change following CT. For those with lower
pre-training working memory capacity, there was no
significant change in cognitive empathic accuracy
for negative emotions following eWMT or CT. Consist-
ent with predictions, there was no effect of eWMT
versus CT on cognitive empathy for positive emotions,
or affective empathy for negative or positive
emotions, even when pre-training working memory
capacity was examined as a moderator.

General discussion

Two studies were conducted to further the literature
on social anxiety and empathy. Using a dynamic
empathy measure, in Study 1 we examined the

differences in cognitive and affective empathy for
positive and negative emotions under conditions of
social threat between individuals with elevated
social anxiety and individuals with normative social
anxiety. Inconsistent with both the enhancement
and interference hypotheses, the elevated social
anxiety group were comparable in affective
empathy for positive and negative emotions relative
to the normative social anxiety group in the presence
of social threat. Consistent with the enhancement
hypothesis and previous research (Auyeung & Alden,
2016), the elevated social anxiety group showed
better cognitive empathy for positive and negative
emotions than the normative social anxiety group.
This latter finding suggests that individuals with elev-
ated social anxiety under conditions of social threat

Table 4. Effects of eWMT and CT on affective empathic accuracy for negative and positive emotions of targets in Study 2.

Variable

Training effect
Training effect, with

covariates

Training effect, with pre-
training working memory

as moderator

Training effect, with pre-
training working memory

as moderator and
covariates

B [95% CI] p B [95% CI] p B [95% CI] p B [95% CI] p

Negative emotions
Intercept 0.56 [0.42, 0.69] <.001 0.53 [0.33, 0.74] <.001 0.67 [0.09, 1.26] .025 0.71 [0.07, 1.34] .029
SIAS-6 – – 0.01 [−0.01, 0.04] .165 – – 0.02 [−0.01, 0.04] .147
SPS-6 – – −0.01 [−0.03, 0.01] .298 – – −0.01 [−0.03,

0.01]
.201

DASS-D – – 0.00 [−0.01, 0.01] .839 – – 0.00 [−0.01, 0.01] .976
DSBT – – – – −0.02 [−0.15,

0.10]
.687 −0.04 [−0.16,

0.09]
.559

Time 0.07 [−0.07, 0.21] .291 0.07 [−0.07, 0.21] .315 −0.02 [−0.65,
0.60]

.937 −0.03 [−0.66,
0.59]

.919

Condition −0.07 [−0.26, 0.11] .436 −0.07 [−0.26, 0.12] .440 −0.06 [−0.79,
0.66]

.865 −0.09 [−0.82,
0.64]

.810

Time x Condition 0.05 [−0.14, 0.24] .618 0.05 [−0.14, 0.24] .608 0.16 [−0.60, 0.92] .676 0.17 [−0.59, 0.93] .656
Time x DSBT – – – – 0.02 [−0.11, 0.15] .744 0.02 [−0.11, 0.15] .735
Condition x DSBT – – – – 0.00 [−0.15, 0.15] .985 0.00 [−0.15, 0.16] .959
Time x Condition
x DSBT

– – – – −0.02 [−0.18,
0.13]

.759 −0.03 [−0.18,
0.13]

.738

Positive emotions
Intercept 1.03 [0.90, 1.15] <.001 1.05 [0.86, 1.24] <.001 0.85 [0.30, 1.40] .003 0.87 [0.28, 1.47] .005
SIAS-6 – – 0.01 [−0.01, 0.03] .316 – – 0.01 [−0.01, 0.03] .409
SPS-6 – – −0.01 [−0.03, 0.00] .104 – – −0.01 [−0.03,

0.00]
.128

DASS-D – – 0.00 [−0.01, 0.01] .588 – – 0.00 [−0.01, 0.01] .404
DSBT – – – – 0.04 [−0.08, 0.15] .515 0.03 [−0.08, 0.15] .550
Time 0.04 [−0.10, 0.18] .584 0.04 [−0.10, 0.17] .605 −0.14 [−0.75,

0.47]
.643 −0.14 [−0.75,

0.46]
.634

Condition −0.20 [−0.38,
−0.02]

.027 −0.21 [−0.38,
−0.03]

.022 −0.01 [−0.69,
0.67]

.982 0.04 [−0.65, 0.72] .914

Time x Condition 0.05 [−0.13, 0.24] .561 0.06 [−0.13, 0.25] .556 0.16 [−0.58, 0.90] .673 0.16 [−0.58, 0.90] .656
Time x DSBT – – – – 0.04 [−0.09, 0.16] .553 0.04 [−0.09, 0.16] .548
Condition x DSBT – – – – −0.04 [−0.18,

0.10]
.557 −0.05 [−0.20,

0.09]
.459

Time x Condition
x DSBT

– – – – −0.02 [−0.17,
0.13]

.784 −0.02 [−0.17,
0.13]

.765

Note: eWMT = Emotional working memory training; CT = Control training; SIAS-6 = Social Interaction Anxiety Scale 6-item version; SPS-6 =
Social Phobia Scale 6-item version; DASS-D = Depression Anxiety Stress Scales – Depression subscale; DSBT = Digit Span Backwards Task.
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may have a generalised enhancement of cognitive
empathy, regardless of emotion conveyed by targets
when discussing personal events. This is consistent
with models of social anxiety (e.g. Heimberg et al.,
2010), which highlight the tendency of individuals
with elevated social anxiety under conditions of
social threat to be hypervigilant to evaluation from
others. Such increased attention to others may facili-
tate enhanced cognitive empathy. However, if this is
the case then this process appears to be independent
of affective empathy.

Study 2 used an eWMT program designed to train
mental control over negative emotional information
to examine its effect on cognitive and affective
empathy for negative and positive emotions in indi-
viduals with elevated social anxiety. Although there
was no overall treatment effect as anticipated
whereby cognitive empathy for negative emotions
would decrease following eWMT but not CT, this
differential treatment effect was found specifically
for those with higher pre-training working memory
capacity. Furthermore, as expected, there was no
effect of eWMT versus CT on cognitive empathy for
positive emotions, or affective empathy for negative
or positive emotions, even when pre-training
working memory capacity was examined as a mod-
erator. Considering both Study 1 and Study 2
results, it is noteworthy that there was alignment
in the findings. Specifically, cognitive empathy for
negative emotions, shown to be higher in individuals
with elevated social anxiety from Studies 1 and 2
relative to individuals with normative social anxiety
from Study 1, was also shown in Study 2 to decrease
following eWMT in individuals with elevated social
anxiety with higher pre-training working memory
capacity.

The Study 2 results are consistent with research
showing that pre-training individual differences
need to be considered when examining working
memory training effects (von Bastian & Oberauer,
2013). The Study 2 results are also broadly consistent
with the only other interventional study in the area of
empathy and social anxiety showing that non-norma-
tive empathic accuracy at baseline can be normalised
following intervention (Morrison et al., 2019). While
the intervention study by Morrison et al. (2019)
showed that group CBT improved affective empathy
for positive emotions better than a waitlist condition
or mindfulness-based stress reduction, we found
that eWMT focused on negative emotional infor-
mation was able to down-regulate elevated cognitive

empathy for negative emotions relative to CT for
those with higher pre-training working memory
capacity. We have thus extended the literature to
show that aberrations in empathy may be addressed
through interventions which target mental control
of emotional information.

One potential interpretation of the overall Study 2
findings is that those socially anxious individuals with
higher pre-training working memory capacity were
able to benefit the most from the eWMT task,
meaning that they were more able to improve their
mental control over negative emotional information
and disengage from the hypervigilance to negativity
from others that is typically associated with social
anxiety, especially under conditions of social threat
(Heimberg et al., 2010). We speculate that disenga-
ging such hypervigilance may have helped to: (a)
regulate attentional focus to negative emotional
information during the empathic accuracy task,
which in turn enabled (b) the regulation of cognitive
empathy for negative emotions. Future studies
could further evaluate this possibility by examining
hypervigilance to others in relation to empathic accu-
racy task performance both before and after eWMT.
Future studies may also test whether eWMT tasks
which include the training of mental control over
positive emotional information impacts cognitive
empathy for positive emotions.

Several limitations of the studies should be con-
sidered. First, individuals with elevated social anxiety
were recruited for both studies and clinical interviews
were not conducted to determine whether partici-
pants met criteria for SAD. An important next step
would therefore be to examine how social threat con-
ditions influence performance on a dynamic empathy
measure in a sample of individuals with SAD, before
potential evaluation of the effect of eWMT on
empathy in such a clinical sample. Second, we
inferred the aberrant nature of enhanced cognitive
empathy in individuals with elevated social anxiety
in Study 1 from a comparison with the cognitive
empathy of individuals with normative social
anxiety. An important direction for future research
will be to further characterise the ways in which
enhanced cognitive empathy in individuals with elev-
ated social anxiety may be maladaptive (e.g. whether
elevated cognitive empathy about others’ negative
emotional states may contribute to one’s own per-
sonal distress about others; see also Tone & Tully,
2014). Third, eWMT used in Study 2 focused on train-
ing mental control over negative emotional
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information. As mentioned, future studies could use
eWMT which includes both negative and positive
emotional information to allow training of mental
control over both types of information. Fourth, we
did not have in our studies a condition where there
was no social threat induction. Future studies should
consider including such a condition to examine the
role of social threat in the results. Fifth, the dose of
eWMT in Study 2 (six 10-minute sessions spread
over about a week) was relatively small compared to
other studies (e.g. Schweizer et al., 2011). Future
research could investigate whether a greater
number of eWMT sessions might allow individuals
with elevated social anxiety and low pre-training
working memory capacity to show down-regulation
of their cognitive empathic accuracy. Sixth, we used
a dynamic empathy measure in both studies which
involved pre-recorded videos of targets describing
emotional personal events. Future studies could con-
sider using actual dyadic conversation tasks and use
reported thoughts and feelings in an empathic accu-
racy assessment (see Simpson et al., 2003). Finally,
although sample sizes for both studies were based
on sample size calculations that enabled sufficient
power to detect effects of interest, the sample sizes
can be considered relatively small, which can affect
the precision of estimates, and may also result in
inflated effects (Button et al., 2013). Future research
should replicate the studies with large sample sizes
for more definitive conclusions.

In sum, we provided evidence that the empathic
abilities of individuals with elevated social anxiety
deviate from those with normative social anxiety
levels in terms of cognitive empathy for positive and
negative emotions that is enhanced. This may be
explained by hypervigilance to others (e.g. Heimberg
et al., 2010). We also provided evidence that the devi-
ation in cognitive empathy for negative emotions can
be ameliorated with eWMT focused on negative
emotional information, although this effect requires
individuals with higher working memory capacity to
undertake the training. Future research that further
evaluates the nature of such deviations in empathic
processes and the potential of interventions like
eWMT will improve our understanding of social
anxiety and empathy.

Note

1. For completeness, all analyses in this section were also
repeated with the participants who did not follow

protocol or who dropped out (n = 6) removed from the
dataset. The results of these analyses were virtually iden-
tical to the results presented from the intention-to-treat
analyses based on N = 40, and led to the same
conclusions.
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