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Abstract
An attentional bias to threat is an important maintaining and possibly aetiological factor for social anxiety. Despite this, little is
known about the underlying mechanisms of threat biases, such as the relative contributions of top-down and bottom-up attention.
In order to measure attentional bias toward threat, the current study employed a variation of the dot-probe task in which
participants’ attention was initially cued to the left or right side of the screen before an angry face paired with a neutral face
was displayed, and subsequently participants responded to a probe in the locus of one of the faces. This design provides separate
measures of engagement with and disengagement from threat. In addition, in order to manipulate the availability of top-down
attentional resources, participants completed this task under no, low (simple arithmetic task), and high (difficult arithmetic task)
working memory load. Higher levels of social anxiety were found to be associated with increased engagement with threat under
no-load, whereas this effect was eliminated under low-load and high-load conditions. Moreover, social anxiety was not associ-
ated with delayed disengagement from threat. These results highlight the critical role of top-down attention for engaging attention
with threat.
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Bottom-up

Faces convey critical social information. It is, therefore, un-
surprising that social anxiety, which is characterized by a fear
of being judged and scrutinized by others, is associated with
an attentional bias toward threatening facial expressions (e.g.,
anger and disgust). For example, Rapee and Heimberg (1997)
hypothesized that socially anxious individuals vigilantly mon-
itor their external environment for signs of negative evaluation
from others. This results in a reinforcing loop of anxiety,
whereby socially anxious individuals are more likely to notice
signs of disapproval from others, which further increases their
anxiety, causing them to be more hypervigilant of criticism.
This model is supported by research findings that socially
anxious individuals show biased attention toward photos of
faces depicting angry, hostile, and disgust expressions com-
pared with neutral facial expressions (Mogg, Philippot, &
Bradley, 2004; Pishyar, Harris, & Menzies, 2004), and that
correcting this bias can reduce symptoms of anxiety (Liu, Li,

Han, & Liu, 2017). Given the strong link between attention
and social anxiety, it is imperative that research is conducted
to improve our understanding of the mechanisms underlying
biased attention to threat. The purpose of this study, therefore,
was to apply a key theoretical framework of attention to un-
derstand the nature of biased attention to threat for socially
anxious individuals.

A central tenet of the current study is that taxonomies of
normative attention may guide our understanding of anxiety-
related attention to threat. In this vein, it is commonly accepted
that at any given moment, there is typically far more informa-
tion available in visual scenes than the human brain is capable
of fully processing. The attentional system, which acts like a
filter, is crucial for allowing us to process and interact with our
visual world. That is, the attentional system selects important
and relevant information for further processing at the expense
of other information (Desimone & Duncan, 1995; Kastner &
Pinsk, 2004). The manner in which selective attention takes
place can be subdivided into top-down and bottom-up atten-
tion. Top-down attention refers to the voluntary allocation of
attention toward particular objects, features, or spatial loca-
tions based on one’s current goals. For example, when
searching for your child on a busy beach, if you know that

* Stephanie C. Goodhew
stephanie.goodhew@anu.edu.au

1 Research School of Psychology, The Australian National University,
Building 39, Canberra 2601, Australia

https://doi.org/10.3758/s13414-019-01920-3
Attention, Perception, & Psychophysics (2020) 82:1779–1792

Published online: 2 December 2019

http://crossmark.crossref.org/dialog/?doi=10.3758/s13414-019-01920-3&domain=pdf
mailto:stephanie.goodhew@anu.edu.au


he or she is wearing a blue swimsuit, you can more efficiently
search to find your child by selectively attending to blue ob-
jects. Bottom-up (also known as automatic) attention, by con-
trast, is an involuntary, rapid, and inflexible process that se-
lects visual information based on the salience of the stimulus
features (e.g., automatically orienting to a seagull that swoops
down in front of you).

A general question emerging from the anxiety–attention
literature has been whether threat detection relies on bottom-
up or top-down attention. The argument that attention to threat
is driven by bottom-up mechanisms comes from an evolution-
ary perspective, which emphasizes the adaptive purpose of
attending to threat (Kenrick, Neuberg, Griskevicius, Becker,
& Schaller, 2010; Lang, Bradley, & Cuthbert, 1997; LeDoux,
1996; LoBue, Rakison, & DeLoache, 2010; Mogg & Bradley,
1998; Öhman, 2007). This argument contends that survival
can depend on the rapid detection of threatening stimuli that
might cause an individual harm (e.g., predators, dangerous
environments, social signs of anger from other people). The
bottom-up attentional system is ideally suited to the purpose
of triaging the processing of such stimuli, since it is more rapid
than the top-down attentional system (Busse, Katzner, &
Treue, 2008), and a timely response to threat is of the essence.
Furthermore, its operation is automatic and therefore less de-
pendent on the individual’s intentions or competing goals at
that point in time. In other words, it is a more fail-safe system.

The bottom-up system typically operates at the level of
basic stimulus features (e.g., colour, shape, orientation, mo-
tion). From this point of view, it would be difficult for the
system to be tuned to a more complex property, such as
“threat,” which can take varied visual forms and is undoubt-
edly multifactorial in nature. However, consistent with the
notion of a bottom-up attentional system tuned to features of
threat, a body of research suggests that such a bias is driven by
specific low-level perceptual features associated with proto-
typical threatening stimuli (LoBue, 2014; LoBue &
DeLoache, 2011; LoBue & Larson, 2010). One example of
this is a bias toward curvilinear shapes, which are reminiscent
of the shape of a snake or spider’s legs. In a visual search task,
LoBue (2014) demonstrated that participants have a bias to-
ward curvilinear shapes compared with rectangular shapes.
Furthermore, illustrating the association between anxiety and
threat detection, LoBue also showed that fear-inducing film
clips facilitate the detection of curvilinear shapes.
Furthermore, children display biases toward downward “V”
and triangle shapes, which are similar to the shape of angry
eyebrows (LoBue & Larson, 2010). This adds further support
to the notion that threat detection may be an evolved, auto-
matic system.

However, an accumulating body of research indicates that
threat detection may be modulated by, or even driven by, top-
down attention and is not purely the product of bottom-up
attention. Conceptually, this means that rather than an

automatic (possibly even innate) bias toward threat that is
triggered as reflexively as orienting toward a bright flash of
light, the bias toward threat might reflect top-down attention.
Top-down attention can work at a more conceptual level, such
as the level of semantic categories (Goodhew, Kendall, Ferber,
& Pratt, 2014; Most, 2013; Wyble, Folk, & Potter, 2013),
which could arguably include the label “threat.” The operation
of top-down attention is more volitional, flexible, and context-
specific than bottom-up biases. Thus, if the bias toward threat
in socially anxious individuals occurs via a top-down atten-
tional route, it should be susceptible to a number of contextual
factors, such as the individual’s goals. In contrast, if the bias
toward threat is a bottom-up process, it should be more invari-
ant to these influences.

In an attempt to disentangle whether the attentional bias
predominately operates via a top-down or a bottom-up atten-
tional system, previous research has used working memory
(WM) load tasks. WM is a limited-capacity system, which,
in the face of continued processing and distraction, is respon-
sible for the activemaintenance of information (Conway et al.,
2005). More specifically, WM functions include the storage
and rehearsal of information and executive functions, with
tasks tapping these functions including counting, operation
span, and reading span (Conway et al., 2005). Indeed, recent
researchers have argued that WM is indistinguishable from
cognitive control (i.e., top-down attention; Qi et al., 2014),
as the two functions overlap in neural activity (e.g., Bunge,
Ochsner, Desmond, Glover, & Gabrieli, 2001; Kondo, Osaka,
& Osaka, 2004). Tasks requiring bottom-up attention are un-
affected by WM load (Jonides, 1981), whereas WM, which is
essential for keeping goals in mind, affects tasks that require
top-down attention (de Fockert, Rees, Frith, & Lavie, 2001;
Downing, 2000). A logical way to test if an attentional task
requires top-down resources is to measure if attention toward
threat is altered by the addition of a WM load. Theoretically,
when the demands of the WM task increase, the available
resources for the second task decrease (Sarampalis, Kalluri,
Edwards, & Hafter, 2009; Tun, McCoy, & Wingfield, 2009).
The extent to which performance on the secondary task de-
creases provides clues as to the role of WM demanded by the
primary task (Kerr, 1973). Thus, if an attentional bias toward
threat is unaffected by a WM load, it suggests that the task
requires few top-down attentional resources and is predomi-
nantly driven by bottom-up attention. However, if an atten-
tional bias is attenuated under high load, it indicates that the
bias is driven significantly by top-down attention (note that
the predictions of WM load and perceptual load differ; see
Lavie, 2005).

Van Dillen and Koole (2009) tested this by using a gender-
naming task with centrally presented happy and angry faces.
They found that angry faces resulted in slower gender naming,
compared with happy faces, under low-load but not high-load
conditions. This indicates that participants processed the
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emotion of the faces only when spare attentional resources
were available, and the threat bias required top-down atten-
tion. Although this is an important finding, this research only
tested attention to centrally presented faces and did not test the
association with anxiety. However, shifts of attention across
space are crucial to the conceptualization of the threat biases
for socially anxious individuals, because in everyday life there
is competition between visual stimuli and threat-related stim-
uli, and these stimuli do not always appear in the current locus
of attention. For example, to explain why someone with social
anxiety attends to threatening facial expressions but not to
encouraging expressions from the audience when presenting
a speech requires understanding shifts in spatial attention to-
ward and away from facial expressions.

The relationship between social anxiety and spatial shifts of
attention toward threat was assessed by Judah, Grant,
Lechner, and Mills (2013). Two groups of participants were
included: a socially anxious group and a nonanxious control
group. These researchers employed a dot-probe task and pre-
sented participants with images of happy, disgust, and neutral
facial expressions under no-WM-load, low-WM-load, and
high-WM-load conditions. In this design, two faces were pre-
sented on each trial; one to the left and one to the right of
fixation. A probe (e.g., a letter) followed in the location of
one of the faces, and participants reported its identity. Faster
reaction times (RTs) to the probe following a threatening facial
expression compared with RTs to a probe following a neutral
facial expression indicated that participants were attending to
the threatening face. This difference in RT reflected a threat
bias.

Judah et al. (2013) found that the group with social anxiety
had a reduced bias to the disgust expressions under the no-
load, and a greater bias toward the disgust expressions under
high-load conditions, compared with the control group. Since
these researchers employed long presentation times for the
faces (1,000 ms), they argued that this reflected avoidance of
threat under no-load conditions and delayed disengagement
from threat under high-load conditions.

In other words, when the social anxiety group had atten-
tional resources to spare (no-load condition), they could
volitionally shift their attention to avoid the threatening face.
However, when these resources were consumed with the
WM-load task, they were not able to instantiate this disen-
gagement. One potential issue with this design is that it as-
sumes that all participants initially shifted their attention to-
ward the threatening stimulus to an equal degree. If, however,
social anxiety affected participants’ initial engagement with
threat, then subsequent measures of disengagement and avoid-
ance are undermined. It is, therefore, essential to measure
engagement and disengagement biases separately.

Employing a paradigm developed by Grafton and
MacLeod (2014) and Rudaizky, Basanovic, and MacLeod
(2014), this issue was mitigated by Boal, Christensen, and

Goodhew (2018). Separately measuring attentional engage-
ment and disengagement biases, these researchers tested
whether the threat bias associated with social anxiety is driven
by top-down or bottom-up attention. On each trial, partici-
pants were initially presented with a cue (a small red line
oriented horizontally or vertically). This cue was presented
either on the left or right side of the screen and, accordingly,
secured participants’ attention in the same location or opposite
location to the target image. Participants then viewed a target
image (an upright neutral or disgust face) paired with its
inverted counterpart. A probe (a small red line oriented hori-
zontally or vertically) was then presented in the locus of one of
the images, and participants reported whether it matched the
orientation of the initial cue or was different. A disengagement
trial was defined as a trial in which the target face was pre-
sented in the same location as the preceding cue. On half of
these trials, the probe was then presented in the same location
as the target face, and on half of the trials the probe was
presented in the opposite location. The disengagement condi-
tionmeasured the speed to which participants disengaged their
attention from the target face to respond to a subsequent probe
presented in the opposite location, compared with when they
were required to respond to a probe in the same location as the
target face. Therefore, slower disengagement of attention on
the threat-target trials compared with the neutral-target trials
indicates a disengagement bias for threat. An engagement
trial, by contrast, was defined as a trial in which the target
face was presented in the opposite location to the preceding
cue. On half of these trials, the probe was then presented in the
same location as the target face, and on half of the trials the
probe was presented in the opposite location. The engagement
trials measured the speed to which participants shifted their
attention away from the inverted face toward the target face.
Faster RTs to the probe following the target face compared
with the probe following the inverted face for threatening-
target trials compared with neutral-target trials indicated a
threat bias.

To test if attentional biases to threat requires top-down at-
tentional resources, the task was performed under three WM-
load conditions: the no-load, low-load (one-digit memory
task), and high-load (six-digit memory task) conditions.
Surprisingly, these researchers found that high social anxiety
was associated with an engagement bias away from threat,
whereas low social anxiety was associated with a bias toward
threat. The disengagement bias was not related to social anx-
iety. Finally, since these effects were not significantly affected
by the WM-load manipulation, it was concluded that engage-
ment with threatening facial expressions had minimal contri-
butions from top-down mechanisms.

The present study aimed to extend on the research of Boal
et al. (2018) by overcoming three limitations of their study.
Firstly, the study employed inverted faces as control images
(rather than abstract art images, which were used by Grafton
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& Macleod, 2014, and Rudaizky et al., 2014). This approach
assumes that inversion disrupts the emotion processing of
faces, which was predicated on the basis that inversion sub-
stantially impairs configural processing of faces (de Gelder,
Teunisse, & Benson, 1997; Searcy & Bartlett, 1996).
However, other research challenges this view, finding that
rapid emotion detection can occur for inverted faces (Arnold
& Lipp, 2011). Although Boal and colleague’s finding of re-
duced engagement with threatening faces may have reflected
attentional avoidance (see Cisler & Koster, 2010), it may also
be due to differences in attending to the inverted face. For
instance, it is possible that socially anxious participants, due
to hypervigilance to threat, may have detected the threatening
expressions contained in the inverted disgust faces and there-
fore readily shifted toward them. This could account for what
appeared to be an attentional bias away from (upright) threat
observed by Boal et al. (2018). To overcome this issue, the
present study directly paired negative and neutral expressions
on each trial rather than employing inverted faces (see Grafton
& MacLeod, 2016, for a similar approach to selecting
distractor images).

Secondly, the present study changed the presentation time
of the images from 500 ms to 200 ms. Although 500 ms is a
commonly used presentation time in the dot-probe literature, it
allows for participants to make multiple covert and/or overt
shifts of attention while the image is being presented.
Therefore, initial shifts of attention are confounded with later
attentional stages (e.g., avoidance). The present study
displayed the faces for 200 ms to minimize the occurrence
of multiple shifts of attention.

The third issue addressed was the complexity of the WM
task. The present study employed an arithmetic task rather
than memorizing digit strings, as was employed in Boal
et al. (2018). It is possible that this manipulation had a limited
impact on performance because it did not comprehensively
exhaust WM resources. The Wechsler Adult Intelligence
Scale–Fourth Edition (WAIS-IV) manual, describes digit span
forward as a test involving “attention, encoding and auditory
processing” (Wechsler, 2008, p. 15). Thus, the digit span task
in Boal and colleagues’ study may be better conceptualized as
measuring attention and short-term memory rather than WM.
Arithmetic, by contrast, has been found to involve all compo-
nents of WM (DeStefano & LeFevre, 2004).

Present Study

In sum, the aim of the present study was to determine whether
engagement and disengagement of attention to threat for indi-
viduals with social anxiety is largely driven by top-down or
bottom-up attention. Tomeasure attentional biases, the present
study employed a dot-probe task in which participants viewed
a pair of faces (one angry and one neutral) on each trial. RT to

a probe, which was presented either in the location of the
preceding angry or neutral face on each trial, was measured.
Cueing scores were calculated for the engagement and disen-
gagement trials separately and were compared under three
WM-load conditions: no-load, low-load, and high-load condi-
tions. The addition of the WM load was designed to test
whether attention toward threat requires top-down or
bottom-up attention.

Based on Grafton and MacLeod’s (2016) findings, under
no-load and low-load conditions, it was expected that higher
social anxiety would be associated with an attentional engage-
ment bias toward the angry faces. If the engagement bias is
largely driven by bottom-up attention, this bias would be un-
affected by the load manipulation.1 However, if top-down
attentional resources are required for participants to shift to-
ward the angry faces, the engagement bias will reduce in the
high-load condition. Finally, the study also planned to clarify
whether social anxiety is associated with delayed attentional
disengagement for short stimulus presentation times and, if it
is, whether it is affected by WM load.

Method

Participants and design

One hundred and three participants (75 female and 28 male)
were recruited from the Australian National University via
online advertisement and the university electronic sign-up sys-
tem. The sample size was chosen so as to be able to detect an
effect size f of 0.23 (ηp

2 = .05). This effect size was selected
since Grafton and MacLeod (2016) reported an effect size of
ηp

2 = .05 for the interaction between social anxiety and the
engagement bias. Using G*Power calculations2 (ANOVA: re-
peated measures, between factors) with power of 0.8 and an
effect size f of 0.23, the recommended sample size was 90.
Therefore, the sample size of 103 was deemed sufficient (so as
to account for some exclusions in data, which were predicted
to occur; note that after exclusions, 91 participants were

1 An alternative prediction derives from load theory (Lavie, 2005). Load the-
ory suggests that distractibility increases with increasing cognitive load.
According to this theory, the attentional bias toward threat in individuals high
in social anxiety should actually increase as load increases. Note, however, that
we did not observe this pattern of results.
2 Although the G*Power analysis did not include the covariate of social anx-
iety, this analysis with one two-level, between-subjects factor and a six-level,
repeated-measures factor was deemed the closest approximation to this study’s
design. Since designing the study, it has come to our attention that G*Power
does not, in fact, allow for the computation of power for designs with more
than one repeated-measures factor, as was present here. When we specify six
measurements, G*Power assumes that these all reflect levels of one variable (6
× 1), rather than a 2 × 3 factorial design. For future research, we plan to use the
superior newly available calculators that permit these sorts of common exper-
imental designs, in addition to permitting for correction for publication bias
(Anderson, Kelley, & Maxwell, 2017). However, since G*Power was used,
this is what is reported here.
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included in the final analyses). Restrictions were that partici-
pants were Caucasian, ages 18–30 years, with normal vision
or corrected-to-normal vision. Participants’ ages ranged from
18 to 30 years (M = 19.74, SD = 2.32), and eight participants
were left-handed. Participants were offered course credit (if
eligible) or $10 cash (AUD).

Experimental stimuli and apparatus

This experiment was conducted in a dimly lit room. Viewing
distance was set with a chin rest at 44 cm, and a liquid crystal
display monitor running at a 60 Hz refresh rate was used to
display the stimuli. Stimuli were programmed in MATLAB
using the Psychophysics Toolbox (Brainard, 1997). The back-
ground was set to black, and the arithmetic questions were
presented in type size 18 white Helvetica font. Images of faces
were taken from the NimStim database (Tottenham et al.,
2009). The use of this database in this area of research is
common (e.g., Alon, Arad, Pine, & Bar-Haim, 2019; Dima,
Perry, Messaritaki, Zhang, & Singh, 2018; Wieckowski,
Capriola-Hall, Elias, Ollendick, & White, 2019; White,
Capriola-Hall, Wieckowski, & Ollendick, 2019). To limit var-
iability in responding to faces due to race, the images selected
were Caucasian faces, and participants were Caucasian (based
on self-report). Caucasian images were employed to control
for the cross-race effect in which other-race faces may be
processed differently to faces of one’s own race (for a
review, see Young, Hugenberg, Bernstein, & Sacco, 2012).
Furthermore, closed-mouth neutral and angry expressions
were selected to reduce bottom-up capture effects from teeth
visibility (Horstmann, Lipp, & Becker, 2012). Low-level dif-
ferences were minimized by ensuring that the two face images
presented on each trial were as similar as possible in all respect
except their emotional expression. Several faces that met the
above criterion were not included, because of issues intrinsic
to the image set. One image was the incorrect size (Model 1),
one had confounding facial hair (Model 31), and one did not
have the full range of images available (Model 27). Therefore
22 models (seven females and 15 males) were included, each
with three associated images of neutral and angry expressions.
Although Boal et al. (2018) employed disgust expressions, the
current study employed angry expressions because a greater
number of closed-mouth angry faces were available in the
NimStim database compared with closed-mouth disgust faces.
Anger is a form of social threat, and therefore theoretically
individuals with high levels of social anxiety should be pref-
erentially sensitive to angry faces relative to neutral faces.
Furthermore, previous research demonstrates empirically that
socially anxious individuals display the same attentional bias
toward angry and disgust expressions (Grafton & MacLeod,
2016). During the experiment, each image subtended approx-
imately 7.60° × 9.76° of visual angle, with a gap of 7.11° of
visual angle between the two presented images.

Questionnaires

Symptoms of psychopathology were measured using two
questionnaires. Firstly, to assess social anxiety, the
Liebowitz Social Anxiety Scale (LSAS; Liebowitz, 1987)
was employed in its self-report form. For each of the 24-items,
participants are asked to rate both their fear and avoidance on a
4-point Likert-type scale. Fear is rated from 0 (none) to 3
(severe) and avoidance rated from 0 (never) to 3 (usually,
68%–100%). A total score can be calculated by summing
scores from both the fear and avoidance scales, yielding a
maximum score of 144. This measure was selected as it has
good psychometric properties (Baker, Heinrichs, Kim, &
Hofmann, 2002; Fresco et al., 2001; Levin, Marom, Gur,
Wechter, & Hermesh, 2002; Oakman, Van Ameringen,
Mancini, & Farvolden, 2003; Rytwinski et al., 2009) and is
brief and easily administered. In a large university study,
Caballo, Salazar, Irurtia, Arias, and Nobre (2013) reported that
males had a mean score on the LSAS-Self Report (LSAS-SR)
of 42.19 and females had a mean score of 45.73. The current
study had higher scores than those of Caballo et al. (2013), as
total LSAS-SR scores ranged from 11 to 104 (M = 55.41, SD =
22.87), with the Fear subscale ranging from 5 to 56 (M =
28.57, SD = 11.68) and Avoidance ranging from 4 to 54 (M
= 26.91, SD = 12.16).

Secondly, generalized anxiety and depression were
assessed with the Depression Anxiety Stress Scale–21
(DASS-21), which is a short form of Lovibond and
Lovibond’s (2005) 42-item self-report measure (DASS).
Although the DASS-21 results were not primary measures
of interest, these data were collected to provide more complete
demographic information of the participants. The DASS-21 is
a 21-item measure in which participants rate the degree to
which symptoms applied to them over the past week.
Ratings are made on a 4-point Likert scale from 0 (never) to
3 (almost always). This measure provides separate scores for
depression, anxiety, and stress, each ranging from 0 to 42. The
DASS-21 was chosen because it has good convergent, dis-
criminant, and construct validity (Crawford & Henry, 2003;
Henry & Crawford, 2005; Lovibond & Lovibond, 1995) and
reliability (Antony, Bieling, Cox, Enns, & Swinson, 1998;
Brown, Chorpita, Korotitsch, & Barlow, 1997; Crawford &
Henry, 2003; Lovibond & Lovibond, 1995). The depression
scores ranged from 0 to 38 (M = 10.17, SD = 8.97), anxiety
ranged from 0 to 38 (M = 9.59, SD = 8.17), and stress ranged
from 0 to 38 (M = 15.30, SD = 8.82).

Procedure

Participants completed the consent form and demographic
questions, the computer task, and then the questionnaires.
The computer task consisted of three blocks of trials (no-load,
low-load, and high-load trials), order counterbalanced across
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participants. Each block consisted of an initial 12 practice
trials and then a further 112 experimental trials; 56 of those
trials consisted of engagement trials, and 56 were disengage-
ment trials (randomly intermixed).

On each trial, a blank screen was presented initially for
1,000 ms. Next, two white rectangular outlines, one to the left
and one to the right of fixation, were presented for 1,000 ms.
These rectangular outlines subtended 7.6° × 9.8° of visual
angle, and the width of the lines subtended approximately
0.09° and remained visible while the cue was presented. A
smaller red rectangle, subtending 1.9° × 2.4°, was also pre-
sented inside one of the white rectangles to indicate the loca-
tion of the to-be-presented cue. The cue (a small red line) was
then presented within the box for 200 ms. This cue could be
oriented horizontally or vertically and subtended a visual an-
gle of 0.5° × 0.1°. The presentation of the cue on the left and
right side of the screen were randomized with equal probabil-
ity of it appearing in each location.

After these stimuli disappeared, two images of faces were
presented for 200 ms, one to the left and one to the right of
fixation, such that they occupied the locations that the white
rectangles previously occupied. On each trial, one face was
angry and one was neutral, and the two expressions were from
the same model. In addition, an equal proportion of female
and male faces were presented in each condition. After these
faces offset, a probe (a small red line) oriented horizontally or
vertically, which was identical in appearance to the cue, was
then presented in the locus of one of the faces and was orient-
ed horizontally or vertically. The presentations of the cue and
probe as horizontal or vertical were each randomized through-
out the experiment. Moreover, for both the engagement and
disengagement conditions, the probe appeared behind the an-
gry face on 50% of the trials and behind the neutral face on
50% of the trials (randomly intermixed). Participants made a

keyboard press to report whether the orientation of the probe
matched the orientation of the cue as quickly and accurately as
possible. RTs were measured as the time between onset of the
probe and the participants’ key press.

The low-load and high-load conditions also included a
WM load that sandwiched the dot-probe task. On the low-
load and high-load trials, after the initial presentation of the
blank screen for 1,000 ms, an additional arithmetic task was
presented. At the beginning of each trial, an arithmetic ques-
tion was presented centrally for 2,500 ms. In the low-load
condition, the question followed the format “A + B” (simple
question) and, in the high-load condition, the question follow-
ed the format “A + B −– C + D” (difficult question) (where A,
B, C, and D consisted of randomly generated whole numbers
ranging from 1 to 10, with a restriction that the answer could
only be a positive integer). At the end of each trial, after
participants responded to the probe, the words “Even or
Odd” was presented centrally. Participants then made a key
press to indicate whether the answer to the arithmetic question
was an even (“z”) or odd number (“/”) (see Fig. 1).

The presentation time for the arithmetic question was
selected based on pilot testing. The pilot testing sample
consisted of 10 participants, ages 18–30 years, with nor-
mal vision or vision corrected with glasses. The mean age
was 23.7 years (SD = 3.6); eight participants were female
and two were male, and all were right-handed. During
pilot testing, participants completed a 20-trial block of
“simple questions” and a 20-trial block of “difficult ques-
tions,” and were asked to make keyboard presses to re-
spond to whether the question was an even number or an
odd number. For the simple question block, mean accura-
cy was 95.3% (SD = 6.8%) and RTs were 1351.2 ms (SD
= 311.9ms). By comparison, for the difficult question
block, mean accuracy was 92.9% (SD = 5.3%) and mean

Fig. 1 A schematic of an engagement trial under high load
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RTs were 5526.2 ms (SD = 1479.0ms). These findings
confirmed that participants, on average, would not be able
to solve the difficult arithmetic question prior to the faces
being presented in the high-load arithmetic condition.
Therefore, participants’ WM resources would be con-
sumed during face presentation.

Planned calculations In accordance with Grafton and
Macleod’s (2016) method, an engagement trial was defined
as a trial in which the negative face was presented in the
opposite location of the preceding cue. This is because
these trials measure the likelihood that participants will
shift their attention toward the negative face. By contrast,
for disengagement trials, the negative face was presented
in the same location as the preceding cue. Therefore, par-
ticipants were required to disengage their attention from
the negative face to respond to a subsequent probe in the
opposite location. Higher scores for the attentional engage-
ment bias index reflected facilitated attentional orienting
toward the angry expression. More specifically, scores
above zero represented faster responding on trials where
participants had to shift their attention from the location of
the neutral face to the location of the angry face than trials
in which they were required to maintain their attention at
the location of the neutral face. Furthermore, as reported
previously, for the engagement conditions, the probe ap-
peared behind the angry face on 50% of the trials and
behind the neutral face on 50% of the trials. The equation
is as follows:

Attentional Engagement Bias Index

¼ Cue in locus of neutral facial image :ð Þ
RT for probe in locus of neutral facial image
minus Cue in locus of neutral facial image :ð Þ
RT for probe in locus of negative facial image:

Similarly, higher scores for the attentional disengagement
bias index reflected greater difficulty disengaging from the
angry expression. More specifically, scores above zero repre-
sented faster responding on trials where participants main-
tained their attention to the location of the angry face com-
pared with trials when they were required to shift their atten-
tion to the opposite location. In addition, the probe appeared
behind the angry face on 50% of the trials and behind the
neutral face on 50% of the trials. The equation is as follows:

Attentional Disengagement Bias Index

¼ Cue in locus of negative facial image :ð Þ
RT for probe in locus of neutral facial image
minus Cue in locus of negative facial image :ð Þ
RT for probe in locus of negative facial image:

Results

One participant’s data were excluded because they did not
meet the criteria for being Caucasian, eight participants’ data
were excluded because they were close to chance-level
(<60%) accuracy on the arithmetic task, and a further three
participants’ data were excluded because their RTs were
slower than 3.29 standard deviations from average.
Therefore, 91 participants’ data were included in further sta-
tistical analyses. Raw data are available here (https://osf.io/
bex6q/).

Mean accuracy on the probe task was 95.7% (SD = 4.0%)
in the no-load condition, 97.1% (SD = 3.7%) in the low-load
condition, and 94.1% (SD = 5.0%) in the high-load condi-
tion.3 Mean accuracy on the arithmetic task was 88.6% (SD
= 10.4%) in the low-load condition and 85.6% (SD = 8.8%) on
the high-load condition. While correct RT was the primary
measure of interest in this study, to ensure that there were no
speed–accuracy trade-offs, accuracy data were also analyzed.
To this end, a 2 (trial type: engagement or disengagement) × 3
(load: no, low, or high) or 2 (probe: locus of negative face or
locus of neutral face) ANCOVA on probe identification accu-
racy with the continuous predictor variable of social anxiety
was conducted. Social anxiety scores were centered on the
grand mean to reduce multicollinearity and improve interpret-
ability (see Tabachnick & Fidell, 2013). Violations in spheric-
ity were corrected with the Greenhouse–Geisser estimate. A
significant effect was found for load, F(1.72, 153.43) = 15.91,
p < .001, ηp

2 = .152. No other significant main or interaction
effects were found (p ≥ .093), indicating that accuracy did not
differ based on participants’ or the probe location. Follow-up
analyses consisted of ANCOVAs concurrently comparing two
load conditions (averaged across the other factors) with social
anxiety as a covariate. These revealed that accuracy for the
probe was significantly higher in the low-load condition com-
pared with both the no-load condition, F(1, 89) = 10.96, p =
.001, ηp

2 = .110, and the high-load condition, F(1, 89) =
27.00, p < .001, ηp

2 = .233. In addition, accuracy was signif-
icantly higher in the no-load condition compared with the
high-load condition, F(1, 89) = 7.70, p = .007, ηp

2 = .080.
Therefore, participants had the highest accuracy on the low-
load condition, followed by the no-load condition, and then
the high-load condition.

Exclusions were made for trials in which RTs were less
than 100 ms or greater than 2.5 standard deviations above
the individual participant’s mean RT for each load condition

3 Note that the means reported here are derived from taking the average accu-
racy for the angry and neutral probe trials. These differ slightly from the
aggregate mean scores provided in the raw data file, as those were computed
prior to trial assignment (i.e., mean across all trials of this type, rather than
mean of angry and neutral condition trials of this type). The means reported in
text can be verified from the available raw data, by taking the average accuracy
for the angry and neutral trials at each load.
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separately. The percentage of excluded trials based on RT
outliers were 2.7%, 3.1%, and 3.1% for the no-load, low-load,
and high-load load conditions, respectively. Data from trials in
which participants performed incorrectly on the probe task
were also excluded from further analyses because on these
trials, participants may not have been attending in the correct
location at the beginning of the trial. In addition, in the low-
load and high-load conditions, trials in which participants
responded incorrectly on the arithmetic task were excluded
because the load manipulation may not have been successful.
Each participant’s mean performance was then calculated for
each condition. The percentage of total excluded trials (i.e.,
combined RT and WM task accuracy exclusions) were 2.7%,
16.5%, and 21.6% for the no-load, low-load, and high-load
conditions, respectively.

Next, the two bias indices were calculated to establish an
attentional engagement bias index and an attentional disen-
gagement bias index for each participant in the no-load, low-
load, and high-load conditions. These bias scores were sub-
jected to a 2 (trial type: engagement or disengagement bias) ×
3 (load: no, low, and high) ANCOVA, with the continuous
predictor variable of social anxiety. Any violations in spheric-
ity were corrected with the Greenhouse–Geisser estimate.
This analysis revealed a significant effect for trial type, F(1,
89) = 14.58, p < .001, ηp

2 = .141, as the mean engagement
bias index was lower (M = −23.9 ms) than the disengagement
bias index (M = 19.1 ms). In addition, a significant effect was
found for load, F(1.77, 157.60) = 5.54, p = .007, ηp

2 = .059.
The mean bias scores in the no-load, low-load, and high-load
conditions were 3.4, 8.5, and −19.2, respectively. Follow-up
analyses, ANCOVAs that compared the mean bias score (av-
eraged over engagement and disengagement) in two levels of
load at a time with social anxiety as a covariate, revealed that
the bias scores in no-load and low-load conditions did not
significantly differ from one another (F < 1). However, the
no-load bias, F(1, 89) = 5.56, p = .021, ηp

2 = .059, and low-
load bias, F(1, 89) = 8.22, p = .005, ηp

2 = .085, were signif-
icantly higher than the high-load bias scores.

Finally, and most importantly, a significant interaction be-
tween type of trial, load condition, and social anxiety was re-
vealed, F(1.70, 151.64) = 5.18, p = .010, ηp

2 = .055. To further
explore this interaction, separate analyses were conducted for
the engagement bias and disengagement bias results.

Engagement bias

An ANCOVA with 3 levels of load (no-load, low-load, and
high-load) and a continuous predictor variable of social anx-
iety was conducted on the engagement bias. This analysis
revealed a main effect for load, F(1.69, 150.49) = 3.94, p =
.028, ηp

2 = .042. The engagement biases in the no-load, low-
load, and high-load conditions were −17.9, −9.0, and −44.8,
respectively. Subsequent ANCOVAs comparing engagement

biases and two load levels at a time with the social anxiety
covariate included revealed that the engagement biases did not
significantly differ in the no-load and low-load conditions (F
< 1). However, the difference between the engagement biases
in the no-load and high-load conditions were trending toward
significance, F(1, 89) = 3.74, p = .056, ηp

2 = .040, and the
difference between the engagement biases in the low-load and
high-load conditions was significant, F(1, 89) = 5.53, p =
.021, ηp

2 = .059. This indicates that under high load, the en-
gagement bias was reduced.

In addition, a significant interaction effect was found be-
tween load and social anxiety, F(1.69, 150.49) = 4.46, p =
.018, ηp

2 = .048. The relationship between social anxiety
and the engagement bias was then analyzed separately for
the three load conditions using Pearson correlational analyses.
For the no-load condition, a significant positive correlation
was found between the engagement bias and social anxiety
(r = .26, p = .012). This relationship is illustrated in Fig. 2.

For the low-load condition, the correlation between the
engagement bias and social anxiety was not significant (r =
−.05, p = .651). This relationship is demonstrated in Fig. 3.

For the high-load condition, the correlation between the
engagement bias and social anxiety was not significant (r =
−.18, p = .090). This relationship is demonstrated in Fig. 4.

Disengagement bias

To assess the relationship between social anxiety and the at-
tentional disengagement effect, a three-way (load: no-load,
low-load, and high-load) ANCOVA, with the continuous pre-
dictor variable of social anxiety, was conducted on the disen-
gagement bias. Neither the main effect of load, F(1.74,
154.80) = 1.31 p = .270, ηp

2 = .015, nor the interaction be-
tween load and social anxiety, F(1.74, 154.80) = 1.74, p =
.183, ηp

2 = .019, were significant.

Gender effect

Past research has found that face recognition may be affected
by the gender of the face and the gender of the observer (e.g.,
Wells, Gillespie, & Rotshtein, 2016). For instance, a happy
face advantage has been found for female faces (Becker,
Kenrick, Neuberg, Blackwell, & Smith, 2007; Hess, Blairy,
& Kleck, 1997; Tucker & Riggio, 1988), whereas anger has
been found to be more readily recognized for male faces
(Becker et al., 2007). Therefore, to test the effect of face and
participant gender on bias scores, the bias scores were subject-
ed to a 2 (face gender: male or female) × 2 (participant gender:
male or female) × 2 (trial type: engagement or disengagement
bias) × 3 (load: no, low, and high) ANCOVA, with the con-
tinuous predictor variable of social anxiety. No significant
main or interactive effects were observed for face gender (ps
≥ .318) or participant gender (ps ≥ .164).
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Discussion

The present study sought to further understand the attentional
mechanisms underlying social anxiety by testing the role of
top-down attention in engaging and disengaging attention

from threatening facial expressions. This was achieved by
testing engagement and disengagement effects under three
WM-load conditions: no-load, low-load (simple arithmetic
question), and high-load (difficult arithmetic question) condi-
tions. Social anxiety was not associated with delayed
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disengagement from threat. However, higher levels of social
anxiety were associated with enhanced engagement with
threat. In addition, load moderated the engagement bias, thus
implicating the role of top-down attention in this bias.

Social anxiety and an engagement bias toward threat

In the current study, the results of the no-load condition were a
partial replication of Grafton and Macleod’s (2016) findings.
Grafton and Macleod found that high social anxiety was as-
sociated with an engagement bias toward negative facial ex-
pressions. The current study found a similar effect, with higher
levels of social anxiety associated with an increased engage-
ment bias. A slight difference between the two studies,
though, was that the overall means in the current study were
negative, not positive. That is, Grafton and Macleod reported
a mean engagement bias of 46.67 ms for participants with
high social anxiety, and 12.66 ms for participants with low
social anxiety. When a median split is applied to the current
data, participants with high social anxiety have a mean en-
gagement bias of −2.31, and participants with low social anx-
iety have a mean engagement bias of −33.12 ms. On initial
consideration, it does not appear that we observed an engage-
ment bias toward threat, as, on average, participants did not
respond faster to the probe following the threatening face
compared with the neutral face. However, we contend that
the current findings reflect the early stages of shifting attention
toward the threatening face. That is, participants were gener-
ally faster following the neutral face because their attention
had been secured by the previously presented cue in that

location. Then, as seen in Fig. 2, there is a linear relationship
between increased engagement bias scores and social anxiety.
In fact, the participants (n = 30) scoring above the cutoff for
“probable” social anxiety on the LSAS-SR (score of 60) had a
mean engagement bias of 3.20. In addition, participants (n =
10) scoring above the cutoff for “highly probable” social anx-
iety (score of 90) had a mean engagement bias of 10.89. This
indicates that participants with high social anxiety were
shifting their attention away from the cued location toward
the threatening expression.

Furthermore, although the engagement biases in the current
study differ from Grafton and MacLeod’s (2016) study, the
difference in engagement bias between the low and high social
anxiety groups were almost identical. Grafton and Macleod
reported engagement bias means of 46.67 ms for participants
with high social anxiety and 12.66 ms for participants with
low social anxiety, which corresponds to a mean difference
between groups of 34.01 ms. The mean difference between
participants with low and high social anxiety in the current
study was 30.81 ms. This indicates that the same pattern of
results between participants with low and high social anxiety
were found.

The major difference in methodology between the current
study and Grafton and MacLeod’s study is the presentation
times of the faces. Grafton and Macleod (2016) presented the
faces for 500-ms and 1,000-ms durations, and found that so-
cial anxiety was associated with an engagement bias for the
500-ms, but not the 1,000-ms duration. The current study used
a 200-ms duration. It is, therefore, likely that at this duration
participants had only just started to shift their attention from
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the cued neutral face to the threatening face. That is, the bias
likely falls within a temporal window; at 200-ms duration,
participants with high social anxiety may start shifting their
attention away from the neutral face toward the threatening
face, then at 500-ms duration, they may have fully engaged
attention at the threatening face, and then this bias may no
longer be present after 1,000 ms of duration.

The current study also extended on Grafton and
Macleod’s (2016) study by testing whether the engage-
ment bias is driven by top-down or bottom-up attention.
This was achieved with the addition of a WM load. This
had previously been tested by Boal et al. (2018), who did
not replicate Grafton and MacLeod’s finding of enhanced
engagement under the no-load condition. Boal et al. also
found no effect of additional WM load on engagement
biases. However, there were several l imitat ions
undermining Boal et al.’ (2018) design, which have been
improved in the current study (as discussed in the intro-
duction). Both the current study and Grafton and
MacLeod’s study found evidence that social anxiety is
associated with an engagement bias to threat. One possi-
bility, therefore, is that Boal and colleagues’ finding that
social anxiety was associated with a reduced bias to threat
may be because participants with higher levels of social
anxiety had greater attention to the inverted threatening
faces. Furthermore, contrary to Boal and colleagues’
study, the current study found that the engagement bias
to threat for socially anxious participants was eliminated
by load. We posit that this discrepancy in results may be
because the load task in Boal et al.’s study (digit span)
may not have been sufficiently complex to exhaust the
participants’ WM resources, unlike the arithmetic task in
the current study.

Because enhanced attention to threat was eliminated with
the addition of load, the results indicate that shifting attention
to an angry face for socially anxious individuals is dependent
on the availability of WM resources. Thus, the engagement
bias toward threat is not automatic, but is instead reliant on
top-down attention. Indeed, this bias was eliminated even un-
der low-load. This indicates that the threat bias is only found
when individuals have few requirements on WM and they
can, thus, allocate those spare resources to attending to threat.
This finding challenges the evolutionary perspective that anx-
iety results in enhanced bottom-up threat detection. LoBue
(2014) found that individuals have a bias toward curvilinear
lines (representative of snakes) and that anxiety increases this
bias. However, LoBue did not employ an additional WM load
to test if this bias is bottom up or if it requires WM resources.
This raises the possibility that either all engagement threat
biases are driven by top-down attention, or although bottom-
up detection occurs with curvilinear lines, it does not occur
with more complex categories such as faces. Further research
is needed to test these possibilities.

Social anxiety and a disengagement bias from threat

The disengagement results were consistent with Grafton and
MacLeod’s (2016) findings, whereby social anxiety was not
associated with delayed disengagement effects under no-load
conditions. Furthermore, the disengagement bias was not sig-
nificantly affected by the addition of load. These findings help
elucidate the discrepancy found in the attentional literature.
That is, past research has found that social anxiety is associ-
ated with preferential attention to threat (Mogg & Bradley,
2002; Mogg, et al., 2004; Pishyar et al., 2004), avoidance of
threat (Chen, Ehlers, Clark, & Mansell, 2002; Mansell, Clark,
Ehlers, & Chen, 1999), or no biases at all (Gotlib et al., 2004;
Ononaiye, Turpin, & Reidy, 2007; Pineles & Mineka, 2005).
As seen from the findings of the current study, this discrepan-
cy in the literature may be better understood if further research
separately measures engagement and disengagement biases
and considers the impact of WM task demands on attentional
biases.

Limitations and further directions

One potential limitation of this study is that, due to separating
the trials into distinct blocks, the load tasks could have in-
duced differences in mood. For example, participants may
have felt more anxious in the high-load block than in the no-
load and low-load blocks. In order to test this explicitly, future
research could consider intermixing the trials within the same
block. Secondly, the study only included angry–neutral face
trials. To ensure that these results specifically reflect a threat
bias, it would be necessary to test that the bias is not found for
other expressions, such as happy and sad faces.

Thirdly, the present design did not measure the potential
effect of inhibition of return from the cued location. It is pos-
sible that the engagement bias may be influenced both by
participants shifting attention toward the threatening face, as
well as inhibition of return to the initially cued location. One
method of testing this would be to include neutral–neutral
trials. If similar engagement bias scores are found for
neutral–neutral trials as for angry–neutral trials, this would
indicate that inhibition of return is driving the effect.
However, if socially anxious participants have a bias to threat-
ening faces only, this would support the conclusion that social
anxiety is associated with an engagement bias to threat.

Note that here we have interpreted the bias scores as
reflecting an attentional bias associated with (i.e., enhanced
engagement with and delayed disengagement from) the angry
faces, with the neutral faces simply serving as the control
comparison stimulus. There are very strong theoretical rea-
sons to favour this interpretation, since bias toward threat is
at the heart of key models of social anxiety (Rapee &
Heimberg, 1997; Wong & Rapee, 2016) and there is also
empirical support for this notion (Grafton & MacLeod,
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2016; Mogg et al., 2004; Pishyar et al., 2004). It is therefore
legitimate to interpret the biases in the way that we have.
However, from an alternative perspective, the pattern of re-
sults observed could instead reflect attentional processes driv-
en by the neutral face that was paired with the angry face.
Again, there are clear reasons not to favour such an interpre-
tation. However, even if one were to run with this interpreta-
tion, our overall conclusion—that the observed bias is modu-
lated by working-memory load—still stands. Since automatic
processes are thought to be impervious to concurrent cogni-
tive load, this has clear, novel, and important theoretical im-
plications about the nature of the bias.

In summary, the current study suggests that attentional en-
gagement with threat for individuals with social anxiety is
driven by top-down attentional mechanisms. These findings
can now be used to inform interventions targeted at reducing
social anxiety. Attentional training has been used to attempt to
alter cognitive biases to threat. Typically, a dot-probe para-
digm is employed with the probe almost always replacing
the neutral stimuli, thus training the individual to attend to
neutral stimuli rather than threatening stimuli. A recent
meta-analysis (Liu et al., 2017) found that attentional training
for individuals with social anxiety is associated with a small to
medium reduction in the threat bias and a small reduction in
symptoms of social anxiety. Based on the results of the current
study, it is likely that these changes in attentional biases and
symptoms rely on changes in top-down attention, such as
cognitive control. Further research could measure if cognitive
control moderates the benefits received from attentional train-
ing. In addition, individuals with poorer cognitive control
could receive training to improve their top-down attention to
help them reduce their engagement bias with threat. The re-
sults of the current study indicate that further research should
focus on targeting the engagement bias toward threat and not
the disengagement bias, which does not appear to play a large
role for individuals with higher levels of social anxiety.
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