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Although cognitive theories suggest the interactive nature

of information processing biases in contributing to social

anxiety, most studies to date have investigated these biases

in isolation. This study aimed at (a) testing the association

between social anxiety and each of the threat-related cog-

nitive biases: attention, interpretation, and memory bias;

and (b) examining the relationship between these cognitive

biases in facial perception. We recruited an unselected sam-

ple of 188 adult participants and measured their level of

social anxiety and cognitive biases using faces displaying

angry, disgusted, happy, and ambiguous versions of these

expressions. All bias tasks were assessed with the same

set of facial stimuli. Regression analyses showed that social

anxiety symptoms significantly predicted attention avoid-

ance and poorer sensitivity in recognizing threatening

faces. Social anxiety was, however, unrelated to interpreta-

tion bias in our sample. Results of path analysis suggested

that attention bias influenced memory bias indirectly
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through interpretation bias for angry but not disgusted

faces. Our findings suggest that, regardless of social anxiety

level, when individuals selectively oriented to faces display-

ing anger, the faces were interpreted to be more negative.

This, in turn, predicted better memory for the angry faces.

The results provided further empirical support for the com-

bined cognitive bias hypothesis.
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INDIVIDUALS WITH SOCIAL ANXIETY are characterized
by the fear of being evaluated and by apprehension
of social or performance situations. A compelling
body of research supports the notion that socially
anxious individuals display attention bias (e.g.,
Klumpp & Amir, 2009; Mogg et al., 2004). They
also have a propensity to interpret emotionally
ambiguous information in a negative fashion
(e.g., Amir et al., 2012; Beard & Amir, 2009)
and selectively retrieve negative or threatening
information (e.g., Amir et al., 2000; Foa et al.,
2000).

The Interrelationship Between Cognitive Biases
A central tenet of cognitive models of anxiety is
the interrelationship between the cognitive biases
involved in threat-related processing (e.g., Beck
& Clark, 1997; Mathews & MacLeod, 1994).
Hirsch et al. (2006), among others, have used the
term “combined cognitive bias hypothesis”
(CCBH), suggesting that cognitive biases influence
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and interact with one another. The combination of
biases is also proposed to have a greater impact on
sustaining anxiety, compared to the single contri-
bution of each bias.

Currently, there are different hypotheses
regarding how the selection of novel emotional
information during attention might impact the
later stage of processing. Consistent with
Everaert and Koster (2020), we expected that
information processing could occur in two ways:
the attention–interpretation–memory bias path-
way and the attention–memory–interpretation
bias pathway. Some cognitive models hypothe-
size that attention vigilance toward emotional
materials may result in biased interpretation
through the extensive elaboration of threat. The
assigned negative meaning may then be consoli-
dated in the long-term memory, enhancing the
retrieval of threat materials (e.g., Clark &
Wells, 1995; Williams et al., 1988). In other
words, these models predict that selective atten-
tion regulates memory via its impact on interpre-
tation bias (i.e., the attention–interpretation–
memory bias pathway).

On the other hand, in the attention–memory–
interpretation bias pathway, Everaert and Koster
(2020) proposed that attention bias can directly
improve memory for emotional material by
increasing the probability and extent of encoding,
through the action of sustained attention. In other
words, the “interpretation” of a stimulus, prior to
its encoding into memory, may not be inevitable.
Instead, a mental representation of the “uninter-
preted” stimulus could be formed, including any
ambiguity that was present. In this pathway, selec-
tive attention can later influence which cues are
used to guide (and therefore bias) memory search
during retrieval. The later memory–interpretation
part of this proposed pathway may comprise, for
example, the retrieval of an ambiguous stimulus,
which is then “interpreted” only at the point of
retrieval through biased elaborative processing.
This could result in the negative interpretation of
the ambiguity that was originally encoded in mem-
ory. This is in line with Ingram’s (1984; Ingram &
Kendall, 1987) information processing analysis,
which highlights how elaborative appraisal of
emotional materials could be activated by the cor-
responding memory network. Thus, the second
proposed pathway suggests that selective attention
can influence the interpretation of information via
its direct impact on memory processes (i.e., the
attention–memory–interpretation bias pathway).

Delineating the trajectory of cognitive processes
has both theoretical and clinical importance. The-
oretically, it could inform researchers how cogni-
tive biases work in concert in governing the
development of social anxiety, which could
improve the methodology of studying biased infor-
mation processing. Clinically, if the different cog-
nitive biases involved in processing are related in
a certain way, then modifying one bias should the-
oretically impact another bias. This could offer
important direction in the development of cogni-
tive bias modification (CBM), which is a comput-
erized procedure that aims to directly alter
individual biases to achieve symptomatic improve-
ment, or other benefits. The distinction between
these two pathways thus could help decide which
cognitive bias clinical researchers should target to
attain the desired transfer effects.

The Limitations of Prior Studies
One way of investigating the relationship between
cognitive biases is through the examination of cor-
relations between bias indices (see Everaert et al.,
2012; Everaert & Koster, 2020, for a comprehen-
sive review). However, it is important to note that
most of the existing correlational studies used
unrelated tasks and different stimulus materials
when studying the relationship between cognitive
biases in anxiety. These studies are unable to sub-
stantiate the theoretical role of how various cogni-
tive biases interact in the processing of emotional
information. These studies are also expected to eli-
cit weaker bias–bias associations than when iden-
tical materials are used across all tasks because
any transfer of effects must take place across two
different domains: from one type of stimulus mate-
rial to another (faces/text) and from one type of
cognitive process to another.

To advance insight into the pathway of cogni-
tive biases during information processing, multiple
biases should be investigated in a single experi-
ment while utilizing matching stimulus properties
(either words or pictures only) in a related context.
To the best of our knowledge, only Everaert et al.
(2013, 2014) have, to date, examined the interrela-
tionship between attention, interpretation, and
memory biases with matching stimuli in a single
study. Everaert et al. demonstrated an indirect
effect of selective attention toward words of nega-
tive valence on memory via interpretation bias in
subclinically depressed individuals, providing ini-
tial support for the attention–interpretation–mem
ory bias pathway. But none has yet utilized the
same set of emotional facial stimuli to study the
interplay of various cognitive biases in social anx-
iety. As facial expressions convey crucial social
information about others’ evaluation (Rapee &
Heimberg, 1997), it is ecologically important to
further delineate the underlying relationship
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between cognitive biases with naturally occurring
stimuli.

The Measures of Facial Cognitive Biases
Commonly assessed by the visual probe task
(Staugaard, 2010), both attention vigilance toward
threat (e.g., Klumpp & Amir, 2009; Mogg et al.,
2004) and avoidance of threat (e.g., Chen et al.,
2002; Mansell et al., 1999) are evident among par-
ticipants with clinical and subclinical social anxi-
ety. Facial memory bias is usually explicitly
measured by a recognition task. Patients with
social phobia were found to exhibit enhanced
recognition for negative expressions compared to
nonanxious controls (e.g., Coles & Heimberg,
2005; Foa et al., 2000).

As there is less consensus regarding the mea-
surement of facial interpretation bias, we selected
three common types of index in this study: emo-
tion identification of ambiguous emotions, emo-
tion intensity rating, and social cost estimation.
Prior studies showed that social anxiety was asso-
ciated with enhanced detection of anger and dis-
gust in ambiguous faces when the objective
proportion of emotion displayed in the facial
expression was low (Button et al., 2013;
Gutiérrez-Garcı́a & Calvo, 2017). Compared to
controls, individuals with social anxiety disorder
were more likely to select the ambiguous negative
faces as more intense (Yoon et al., 2009). Socially
anxious individuals were also found to estimate
higher perceived cost of social interaction with
people displaying disgust expression, regardless
of its emotional intensity (Schofield et al., 2007).

The Present Study
To establish the relationships between attention,
interpretation, and memory biases related to social
anxiety, we studied the association between social
anxiety symptoms and each of the threat-related
biases. Based on the theoretical assumption of a
bidirectional causal relationship between cognitive
biases and social anxiety symptoms (Amir et al.,
2005; Hirsch & Clark, 2004), we modeled social
anxiety symptoms as the predictor of cognitive
biases instead of the other way around for two rea-
sons. First, as our data were cross-sectional, our
measure of social anxiety did not precede that of
the bias, which would (arguably) be the usual
requirement to empirically test the “bias predicts
symptoms” theoretical assumption. Without tem-
poral precedence of any of our variables, we pre-
ferred the more conservative approach in which
the experimental measure, here cognitive bias,
was used as the dependent variable. Second, we
included other variables (e.g., general negative
mood, the emotional valence of facial stimuli)
whose association with bias we wished to examine
in the same model. Thus, social anxiety symptoms
predicting cognitive biases was selected as the cur-
rent analytical approach.

For attention bias, we did not present a strong
hypothesis as to whether social anxiety would pre-
dict attention toward or away from threatening
(angry and disgusted) faces because the switching
time from vigilance to avoidance of threat remains
debated (Staugaard, 2010). However, we antici-
pated observing a corresponding pattern in mem-
ory bias according to what was observed in
attention bias. For instance, if social anxiety symp-
toms predicted vigilance toward threatening facial
stimuli, better recognition of threatening faces
would be expected correspondingly. For interpre-
tation bias, we hypothesized that social anxiety
symptoms would predict more negative interpreta-
tion of ambiguous faces, which is specifically
defined as follows: higher accuracy of emotion
identification, the tendency of rating threatening
faces as being more intensive, and socially costly
to interact with. We then verified the relationship
between attention, interpretation, and memory
bias indices. In view of the limited empirical evi-
dence on the relationship between cognitive biases
(Everaert et al., 2013, 2014), we examined both
the attention–interpretation–memory bias path-
way (the indirect effect of interpretation bias on
the relationship between attention and memory
bias) and the attention–memory–interpretation
bias pathway (the indirect effect of memory bias
on the relationship between attention and interpre-
tation bias) using path analysis to further our
understanding of the underlying mechanism of
emotional facial processing.

Method

participants and study design

A total of 188 Chinese participants ages 18–40
years, having normal or corrected-to-normal
vision, were recruited at the University of Hong
Kong. Those who had any self-reported past or
current psychotic and neurological disorder his-
tory were excluded. Details about study design
and materials are presented in the supplementary
document.

Attentional Probe Task
The modified probe task was used to assess atten-
tion bias. It comprises 8 practices and 128 (32 face
pairs � 2 clear/ambiguous � 2 top/bottom) main
trials. The 32 face pairs included 8 angry, 8 dis-
gusted, and 16 happy faces. Each trial began with
a centered fixation cross presented on the com-
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puter screen for 1,000 ms. The cross was then
replaced by a face pair displayed at the top and
bottom of the screen for 350 ms. The presentation
time was decided based on a previous eye-tracking
study, which showed that the first overt attentional
shift may happen after 350 ms (Garner et al.,
2006). A probe (either E or F) then appeared at
the center of one of the two faces until the partic-
ipant had made a response. Each face pair was pre-
sented twice, once with the emotional stimulus
face at the top and once at the bottom. This is to
control the potential effect of habitual attention
toward the top stimulus. The chance that the
probe replaces each facial stimulus was 50%.
The trials were presented in a fully randomized
order. Participants sat 75 cm from the computer
screen, resulting in a 5� visual angle for the dis-
tance between the center of the screen to the center
of the top and bottom faces. Participants were
instructed to keep their gaze at the central cross
and after the faces disappeared, identify the letter
by pressing the corresponding button on the key-
board as soon as possible.

Memory Bias Task
Memory bias was assessed by a face recognition
task. To avoid the recency effect during recogni-
tion, participants were asked to prepare for the
speech presentation (described below in “Stress
Induction Task”) for 3 minutes. In the unexpected
recognition phase, 60 faces were presented to par-
ticipants in a random order, one at a time. Thirty
of the faces were old ones, and 30 were new faces.
Participants were asked to indicate whether they
saw new or old pictures by pressing the key as
quickly and accurately as possible (“1” for old
and “2” for new). Each face was displayed for a
maximum of 4 s.

Emotion Interpretation Task
Participants were asked to identify the predomi-
nant affective facial expression in the ambiguous
facial stimuli. The task included 39 (13 angry, dis-
gusted, and happy) facial stimuli that were pre-
sented in the previous attentional probe and
facial recognition task.1 Each trial began with a
fixation cross presented for 1,000 ms and replaced
by a face stimulus that was shown for 500 ms. Par-
ticipants were then asked to label the facial expres-
sion by pressing one key out of the five emotions
(happy, angry, sad, disgust, fear) as quickly and
1 In this emotion interpretation task, we presented both ambigu-
ous and clear facial stimuli to participants. The inclusion of clear

stimuli was for a separate investigation. Since interpretation bias

by definition refers to ambiguous stimuli, we reported only the
relevant data here.
accurately as possible. Participants were informed
in advance that some of the faces displayed low-
intensity emotion and were asked to choose the
emotion that first came to their mind. This
forced-choice task was to encourage participants
to detect subtle expressions, from which we could
assess interpretation bias. Subsequently, they were
asked to judge the intensity of the emotion on a 7-
point Likert scale (1 = least intensive to 7 = most
intensive). In the social cost task adopted from
Schofield et al. (2007), participants were asked to
rate the cost of interacting with the person in the
picture on a scale from 1 (It would be very bad
for me) to 7 (It would be very good for me). There
were 8 practice trials and a total of 78 trials. All
faces were shown twice. The task was broken into
three blocks for rest to prevent fatigue.

Self-Reported Questionnaires and Stress Induction
Task
The Social Interaction Anxiety Scale (SIAS;
Mattick & Clarke, 1998) was adopted as self-
report measures of social anxiety. The current
study adopted the Chinese version of the SIAS
translated by Stella Wan. The Depression Anxiety
Stress Scales–21 (DASS-21) was administered to
assess whether cognitive biases are predicted by
general negative mood or by social anxiety. The
Chinese version of the DASS was adopted in the
current study with the approval from Calais Chan.
Details about the psychometric properties of the
questionnaires are presented in the supplementary
document.

Previous research evidence reported that cogni-
tive biases may be more likely to occur under
social-evaluative stress (Pérez-López & Woody,
2001; Van Bockstaele et al., 2014). Thus, all par-
ticipants were given a stress induction task to
enhance the sensitivity of the difference of state
anxiety on cognitive biases for people with high
or low social anxiety. To induce social evaluative
stress, the present study adopted the procedure
designed by Garner et al. (2006). Details about
the stress induction procedure are presented in
the supplementary document. With the use of the
visual analogue scale (VAS), ranging from 0 to
10, participants’ self-reported state anxiety before
(M = 4.40, SD = 1.90) and after (M = 4.85,
SD = 2.43) stress induction had significantly
increased, t(187) = –2.55, p = .01. It showed that
the stress induction procedure was successful.

procedure

This study was approved by the Human Research
Ethics Committee for Non-Clinical Faculties of the
University of Hong Kong (ethics no. EA1709016).



Table 1
Demographic Characteristics and Self-Reported Measures (N = 188)

Variable Group (N) Gender

Whole sample Male Female

(N = 188) (N = 60) (N = 128)

Age (SD) 19.62 (2.42) 20.07 (2.39) 19.41 (2.41) t(186) = 1.73

DASS

Depression 7.97 (7.28) 9.30 (8.49) 7.34 (6.56) t(186) = 1.72

Anxiety 8.46 (6.28) 10.10 (7.17) 7.69 (5.66) t(186) = 2.49*

Stress 12.00 (7.96) 13.77 (9.21) 11.17 (7.16) t(186) = 2.10*

SIAS 34.38 (12.05) 35.35 (11.95) 33.93 (12.08) t(186) = 0.75

Note. SD = standard deviation; DASS = Depression Anxiety Stress Scale; SIAS = Social Interaction Anxiety Scale.
* p < .05.

2 Gender was found to be a significant predictor of emotion

identification. Females were more accurate in identifying emo-

tions, which was consistent with previous findings (Wingenbach
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After obtaining written informed consent, partici-
pants were first asked to fill in their demographic
information and questionnaires on a tablet. After
going through the stress induction procedure and
the VAS rating, participants then began with the
attentional probe task, face recognition task, and
last, the emotion interpretation task. The experi-
ment procedure was fixed and not randomized
because it is theoretically necessary to assess par-
ticipants’ recognition of faces after the attention
task to infer a direct relationship between them.
The interpretation bias task was completed last
because of concerns that the time participants
needed to make judgmental responses might vary,
and this could affect the time gap between the
attention task and the memory task. The VAS data
were used as an indicator of participants’ state
anxiety and were collected each time participants
finished a task. A one-way analysis of variance
(ANOVA) showed that the administration of dif-
ferent cognitive bias tasks did not have a signifi-
cant effect on participants’ state-level anxiety, F
(2, 561) = 0.047, p = .954. Before debriefing, par-
ticipants were told that giving a speech was not
required. Participants were either awarded 50
Hong Kong dollars (�7 U.S. dollars) or course
credits as remuneration. Each session lasted
approximately 1 hour. All participants were tested
in a standard experimental room on the campus.
Details about the plan of statistical analysis are
presented in the supplementary document.

Results

participants’ characteristics and
data preparation

Demographic characteristics and self-reported
mood measures of participants are presented in
Table 1. Men reported a higher level of anxiety
and stress compared to women. No gender differ-
ence was found in other measures. Means and
standard deviation of each cognitive bias index
are presented in Table 2. Details about data prepa-
ration and reliability estimates for each cognitive
bias assessment are presented in the supplementary
document.

main analyses

Analysis 1: The Association Between Social
Anxiety Symptoms and Individual Cognitive
Biases
In the first step of the hierarchical regression anal-
ysis, most of the models (except emotion identifi-
cation) were not significant.2 This indicated that
age, gender, and general negative mood alone did
not predict most of the cognitive bias indices. After
simultaneously entering emotion type and their
interaction terms in the second step of the SIAS,
the predictive value of all models significantly
increased (all at least p < .05). All VIF were below
5. (A summary of each hierarchical regression
model is presented in Table 3. For details of regres-
sion coefficients for each interpretation bias index,
see Appendix Table A).

For attention bias, Model 2 in Table 3 shows
that self-reported stress level and social anxiety
symptoms were significant predictors; higher stress
was related to attention vigilance toward threaten-
ing faces (both angry and disgusted) while higher
social anxiety symptoms were associated with
attention avoidance. None of the interaction terms
were significant. The full model explained 6% of
et al., 2018).



Table 2
Means and Standard Deviation of Cognitive Bias Indices (N = 188)

Emotions Attention bias Memory bias Interpretation bias

Attentional

probe task

Face recognition

task

Emotion

identification

Intensity rating Social cost

estimation

Amb angry 2.41 (15.96) 0.61 (0.87) 0.62 (0.39) 3.41 (0.97) 4.67 (0.90)

Clear angry 2.37 (18.57) 0.97 (0.81) – – –

Amb disgusted -0.40 (16.61) 0.66 (0.89) 0.63 (0.54) 3.88 (1.03) 4.58 (0.82)

Clear disgusted 1.97 (19.77) 0.63 (0.78) – – –

Note. Amb = ambiguity.

Table 3
Summary of Hierarchical Linear Regression Analyses Predicting Different Cognitive Bias Indices (N = 188)

Attention bias Interpretation bias (composite) Memory bias

Variable b t Partial r b t Partial r b t Partial r

Model 1

Age .08* 2.03 .08 .06 1.22 .06 .02 0.39 .01

Gender �.06 �1.66 �.06 .13* 2.50 .13 .03 0.68 .03

DASS Depression �.03 �0.63 �.02 �.14* �2.01 �.10 �.01 �0.20 �.01

DASS Anxiety .00 0.03 .00 �.00 �0.04 �.00 .00 0.01 .000

DASS Stress .08 1.32 .05 .17* 2.06 .11 �.03 �0.42 �.02

R2 (F for change in R2) 0.02 (2.30) 0.03 (2.47*) 0.002 (0.31)

Model 2

Age .07 1.80 .07 .06 1.15 .06 .01 0.33 .01

Gender �.06 �1.49 �.06 .13* 2.52 .13 .03 0.74 .03

DASS Depression .00 �0.05 .00 �.14 �1.89 �.10 .00 �0.07 .00

DASS Anxiety .04 0.75 .03 .01 0.10 .01 .01 0.16 .01

DASS Stress .12* 2.08 .08 .18* 2.19 .11 �.02 �0.26 �.01

SIAS �.16* �2.21 �.08 �.08 �1.07 �.06 �.16* �2.12 �.08

Emotion ambiguity .00 �0.04 .00 / / / .22*** 4.24 .15

Emotion �.08 �1.60 �.06 .03 0.20 .01 .03 0.64 .02

Ambiguity � Emotion .06 0.96 .04 / / / �.20** �3.23 �.12

SIAS � Ambiguity �.04 �0.54 �.03 / / / .06 0.78 .03

SIAS � Emotion �.06 �0.88 �.03 .06 0.39 .02 .15* 2.08 .08

SIAS � Ambiguity � Emotion .03 0.37 .01 / / / �.07 �1.00 �.037

R2 (F for change in R2) 0.06 (5.01***) 0.04 (1.43*) 0.04 (4.26***)

Note. DASS = Depression Anxiety Stress Scale; SIAS = Social Interaction Anxiety Scale.
* p < .05.
** p < .01.
*** p < .001.
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the variance in attention bias, DR2 = 0.04,
p < .001, F(12, 739) = 3.91, p < .001.

For memory bias, the main effect of social anx-
iety symptoms was qualified by its interaction with
emotion type, showing that high social anxiety
symptoms were related to poorer memory for
angry faces compared to disgusted faces. Emotion
ambiguity and its interaction with emotion type
were also significant predictors of memory bias.
Clear angry faces were found to be recognized bet-
ter in general. As shown on Table 3, the full model
explained 4% of the variance in memory bias,
DR2 = 0.02, p < .001, F(12, 739) = 2.62, p = .002.
Consistent with the finding of attention avoidance,
the results of poorer recognition of angry faces
suggested a congruent memory bias. It provided
support for our first hypothesis that social anxiety
symptoms were associated with a corresponding
attention and memory bias, specifically for angry
faces.

As presented in Appendix Table A, participants’
gender was a significant predictor for the first
interpretation bias index: emotion identification.
It indicated that female participants had a higher
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accuracy rate in correctly identifying emotions in
general. The full Model 2 accounted for 4% of
the variance in emotion identification, DR2 =
0.004, p = .675, F(8, 367) = 2.06, p < .039. The
second model of interpretation bias index—inten-
sity rating—showed that ambiguously disgusted
faces were rated as more intensive in general.
Model 2 explained 8% of the variance in emotion
intensity ratings, DR2 = 0.07, p < .001, F(8, 367)
= 3.75, p < .001. The third interpretation bias
index—social cost estimation—yielded no signifi-
cant predictors. The full model explained 2% of
the variance in social cost ratings, DR2 = 0.01,
p = .595, F(8, 367) = 0.77, p = .627.

Although none of the three interpretation bias
indices appeared to be related to social anxiety
symptoms, they were related to one another in
two aspects. First, higher accuracy in correctly
identifying emotions was associated with lower
intensity rating of faces, r = –.155, p = .034. Sec-
ond, ambiguous faces that were rated with higher
intensity were correlated with higher social cost
estimation, r = .216, p = .003. In other words,
when ambiguous faces were more difficult to deci-
pher, they were rated as more intensive and more
socially costly to interact with. We combined all
three biases into a composite interpretation bias
score by averaging the z scores of each index.
Composite measures may be a more reliable and
parsimonious approach in increasing measurement
precision without losing information (Evans,
1996). As shown in Table 3, results of the regres-
sion analysis indicated that gender and stress were
significant predictors of interpretation bias.
Females and those who were under stress inter-
preted ambiguous faces as more negative. Model
2 explained 4% of the variance in the composite
interpretation bias index, DR2 = 0.01, p = .235, F
(8, 367) = 2.081, p = .037. However, contrary to
expectation, social anxiety symptoms and the
interaction terms did not significantly predict any
of the individual interpretation bias indices.
Table 4
Correlations Between Cognitive Bias Indices for Angry and Disgus

Angry faces

1 2

SIAS —

Attention bias �0.17* —

Interpretation bias (composite) -0.07 0.22**

Memory bias �0.16* �0.06

Note. SIAS = Social Interaction Anxiety Scale.
* p < .05.
** p < .01.
Overall in our sample, we did not find any inter-
action effect between social anxiety symptoms and
emotion ambiguity, as well as their interaction
with specific emotion type across attention and
memory bias indices. This suggested that the
ambiguity level of emotion did not have any
impact on the attention and memory of facial stim-
uli in participants with various levels of social anx-
iety symptoms. Thus, to simplify model
specification, we collapsed the indices of ambigu-
ous and clear emotional faces for attention and
memory biases in subsequent analyses to examine
the interrelationship between cognitive biases.

Analysis 2: The Relationship Between Cognitive
Biases

Correlation Analyses. Zero-order correlations of
different cognitive bias indices were analyzed. As
previous studies suggested qualitative differences
between response to angry (direct threat) and dis-
gusted (indirect threat) facial expressions
(Staugaard, 2010), we conducted separate analyses
for the two emotions (see Table 4). For angry
faces, results were consistent with the findings of
regression analyses. Social anxiety symptoms were
significantly and negatively associated with atten-
tion bias (r = –.17, p = .020) and memory bias
(r = –.16, p = .028) but not with the interpretation
bias composite score (p > .05). Composite inter-
pretation bias was significantly associated with
attention bias (r = .22, p = .001) and memory bias
(r = .16, p = .026). However, attention and mem-
ory bias were not significantly correlated (r = –
.06, p > .05). For disgusted facial stimuli, social
anxiety symptoms were significantly associated
with greater attention avoidance (r = –.24,
p = .001) but not with composite interpretation
bias and memory bias. None of the other bias
indices are correlated (p > .05).

Path Analysis of Indirect Effect Model. The
absence of a significant correlation between atten-
tion and memory bias (for both angry and dis-
gusted facial stimuli) indicated that an indirect
ted Faces (N = 188)

Disgusted faces

3 1 2 3

—

�0.24** —

— �0.03 �0.09 —

0.16 0.02 �0.06 0.08
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effect between attention and interpretation bias via
the encoded memory (the attention–memory–inter
pretation bias pathway) was not supported in this
study. The hypothesized attention–interpretation–
memory bias pathway, on the other hand,
appeared to be only applicable in the cognitive
bias indices of angry facial stimuli. Despite the
absence of a direct correlation between attention
and memory bias, we proposed that it was still
possible for interpretation bias, which was associ-
ated with both attention and memory bias, to be
an intervening factor. Theoretically, cognitive
models support the hypothesized sequence of
information processing (Beck & Clark, 1997;
Rapee & Heimberg, 1997). Statistically, it has
been argued that the absence of significant total
or direct effect does not preclude the possibility
of observing indirect effects (MacKinnon et al.,
2000; Mathieu & Taylor, 2006).

In our proposed attention–interpretation–
memory bias pathway model, age and gender were
entered as covariates. In addition, as social anxiety
symptoms were found to be correlated with atten-
tion and memory bias, social anxiety might influ-
ence the relationship between attention and
memory bias. Thus, while modeling the relations
between cognitive biases, we also considered the
effect of social anxiety on the proposed model.
This was to ensure that the observed pathways
among biases are not solely the result of influences
of the common variable: social anxiety symptoms
(Everaert et al., 2014; Fairchild & McDaniel,
2017).

Figure 1 illustrates that the bias-corrected boot-
strapping procedure yielded a small but significant
indirect effect of attention bias on memory bias
through interpretation bias (B = .002, SE = 0.001,
95% CI [0.0002, 0.005]). Examination of the
completely standardized indirect effects revealed
that effect size was small (abcs = 0.038,
SE = 0.022, 95% CI [0.003, 0.087]). As expected,
the direct effect (Path cʹ), B = –.007, t(182) = –
FIGURE 1 The indirect effect model displaying the unstandardized co
using angry facial stimuli. Direct effect presented in parentheses. Note.
1.751, p = .082, and total effect (Path c), B = –
.005, t(183) = –1.266, p = .207, were both non-
significant. These findings indicated that there
was no direct relationship between attention and
memory bias. However, the data supported our
attention–interpretation–memory bias pathway
hypothesis that attention vigilance toward angry
faces exerted a positive influence on the memory
of these faces through negative interpretation. All
predictors together accounted for 6.56% of vari-
ance in the memory of angry faces, F(5, 182)
= 4.45, p = .029.

Discussion
This study investigated the relationship between
attention, interpretation, and memory biases
related to social anxiety symptoms in facial per-
ception. First, we sought to establish an associa-
tion between social anxiety symptoms and each
cognitive bias. We expected a corresponding pat-
tern in attention and memory bias. We also antic-
ipated that social anxiety symptoms would be
associated with more negative interpretations of
ambiguous faces. Second, we employed path anal-
ysis to test the relationship among the three bias
indices, examining both the attention–interpreta
tion–memory bias and the attention–memory–int
erpretation bias pathways.

main findings

The Association Between Social Anxiety
Symptoms and Individual Cognitive Biases
Our results showed that social anxiety symptoms,
but not general negative mood, were significantly
associated with attention and memory bias. Partic-
ipants with elevated social anxiety symptoms
showed more attention avoidance and poorer sen-
sitivity in recognizing threatening faces (both
angry and disgusted faces). These results aligned
with previous findings that attention avoidance
(Chen et al., 2002; Mansell et al., 1999) and poor
memory (Pérez-López & Woody, 2001) are more
efficients of attention bias on memory bias via interpretation bias
*p < .05, **p < .01.
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apparent under the induction of threat. Our find-
ings were also in line with the results of prior study
and our hypothesis of threat avoidance and corre-
sponding memory performance (LeMoult &
Joormann, 2012).

Contrary to expectations, neither social anxiety
symptoms, nor any of its interaction terms, pre-
dicted any of the interpretation bias indices (both
individual and composite bias scores) in our sam-
ple of participants. Indeed, evidence stemming
from studies of facial interpretation bias in social
anxiety is generally inconsistent. While there are
studies supporting the association between social
anxiety symptoms and interpretation bias (e.g.,
Button et al., 2013; Gutiérrez-Garcı́a & Calvo,
2017), quite a number of studies found null results
(e.g., Bell et al., 2011; Jusyte & Schönenberg,
2014; Philippot & Douilliez, 2005). A recent
meta-analysis reported a large effect size for the
relationship between social anxiety and interpreta-
tion bias (g = 0.83) but further analyses revealed a
significantly smaller effect size for visual than ver-
bal stimuli, with facial photographs showing the
smallest effect size (g = 0.60). A possible explana-
tion for the current results may be the general dif-
ficulty of assessing interpretation bias using posed
facial expressions in experiments. The key of
detecting facial interpretation bias may be to
increase the resemblance of experimental stimuli
with real-life social situations. For instance, the
use of dynamic ambiguous facial expressions that
are naturally elicited and the provision of contex-
tual information may enhance the detection of
facial interpretation bias (Schoth & Liossi,
2017). The second possibility may be the difficulty
of capturing facial interpretation bias using expli-
cit measures. Currently, most bias measures
require participants’ conscious elaboration and
explicit response of their interpretation. However,
facial interpretation bias may exist implicitly and
influence other cognitive processes. The third pos-
sibility could be related to the ambiguousness of
the facial stimuli used in this task. Although a pilot
study was conducted to determine the adopted
morph percentage for each face, there were only
12 participants and they might not be representa-
tive enough to determine the optimal ambiguous
level of facial stimuli, hence affecting the validity
of this task in this sample. Future research is thus
needed to further develop the measurement of
facial interpretation bias.

The Relationship Between Attention,
Interpretation, and Memory Bias
Our data supported the attention–interpretation–
memory bias pathway but not the attention–
memory–interpretation bias pathway in the pro-
cessing of novel facial expressions. The findings
showed that attention bias influences memory bias
indirectly through interpretation bias during the
processing of angry faces. In other words, when
individuals selectively orient to faces displaying
anger, the faces were perceived to be more nega-
tive. This, in turn, predicted better memory of
angry faces. Our indirect effect model suggested
that even though no direct relationship was identi-
fied between social anxiety symptoms and inter-
pretation bias in our first set of analyses,
interpretation bias was still related to attention
and memory bias when angry faces were being
processed. This suggested the role of interpretation
bias in cognitive processes. In fact, Everaert et al.
(2013) also reported a similar mediation relation-
ship among these three cognitive biases despite
the absence of an association between depressive
mood and attention bias.

However, it is important to note that this indi-
rect effect model was applicable only to facial
stimuli displaying angry expression but not disgust
in our study. A reason might be due to the differ-
ence between direct threat (anger) and indirect
threat (disgust). Although both emotions are con-
sidered as socially threatening, the former entails
higher salience in conveying overt aggression,
while disgust is a relatively more subtle sign of dis-
approval (Jusyte & Schönenberg, 2014). Salience
theory suggests that more resources are devoted
to the processing of salient stimuli (Peschard &
Philippot, 2015), which may explain the more con-
sistent overall finding in tasks utilizing angry faces.

The current findings suggested that people with
elevated social anxiety tend to avoid paying atten-
tion to and exhibit poorer memory for threatening
faces. However, within the same sample, regard-
less of social anxiety level, when individuals selec-
tively oriented to faces displaying anger, the faces
were perceived to be more negative. In other
words, while the more socially anxious people in
our sample were generally avoidant of threat,
when attention toward threat did occur it
enhanced both interpretation and memory for
those stimuli. Observing both effects simultane-
ously may be the result of our large sample size,
which permitted sufficient variance within the data
to capture a wide range of related but distinct
effects.

Implications
Our indirect effect model lends further support to
the combined cognitive bias hypothesis (Hirsch
et al., 2006). The experiment was cross-sectional
and the correlational data precluded examining
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causal relationships. Nevertheless, we employed
the same set of facial stimuli across sequential cog-
nitive bias assessments. The study design did allow
us to preliminarily draw sequential inferences con-
cerning attention bias as the antecedent to memory
and interpretation bias. Despite not being able to
completely mimic the course of information pro-
cessing, the predicted attention–interpretation–me
mory bias pathway was theoretically driven with
the support of findings from previous research
(Everaert et al., 2013, 2014) and our data. The
absence of a direct relationship between attention
and memory bias also suggested that the interpre-
tation of facial expressions might play a role in
regulating what was remembered. Our data thus
further supports the value and importance of con-
sidering multiple types of mood-congruent bias
simultaneously.

Our results also have some important clinical
implications for the development of CBM. The
support of the attention–interpretation–memory
bias pathway inferred that CBM-Attention could
exert influence on interpretation bias while
CBM-Interpretation could transfer its impact on
memory bias. This notion was supported by previ-
ous studies (e.g., Bowler et al., 2017; White et al.,
2011; Woud et al., 2012). In addition, if targeting
one bias should have consequences for the other
biases, targeting several biases at once might be
the most effective or even provide disproportion-
ate gains. Indeed, researchers in recent years have
proposed combined cognitive bias modification
(CCBM), which targets multiple cognitive biases
simultaneously to maximise its therapeutic effect
(Beard et al., 2011; Brosan et al., 2011). Currently,
we know of only three studies examining the rela-
tive efficacy of single and combined CBM (Naim
et al., 2018; Yang et al., 2017; Yeung & Sharpe,
2019). While all of them found single CBM to be
more effective, none of them used the same set of
stimuli for all cognitive bias tasks and assessments.
These studies also varied greatly in their experi-
mental methodology, such as the number of train-
ing sessions, the delivery mode, and the training
method of CBM. Further investigation is needed
to verify the optimal CBM design to attain the best
symptomatic improvement.

These sets of findings also have research impli-
cations, suggesting that (as might be expected)
transfer effects may most likely occur when stimu-
lus properties are matched across all tasks. As evi-
dent from neuroimaging studies, words and faces
are at least partially subserved by distinct neural
mechanisms (Behrmann & Plaut, 2012). The
visual word form area (VWFA) primarily responds
to visually presented words, while the fusiform
face area (FFA) is selectively activated by faces
(Plaut & Behrmann, 2011). Thus, the use of stim-
uli matching in content and format across different
processes increases the likelihood of the same neu-
ronal network being used for processing. For
example, the transfer effects of attention bias mod-
ification on the interpretation of the same facial
stimuli should be theoretically stronger than that
on some unrelated text-based scenarios.

Study Limitations
Some limitations regarding the design of the pre-
sent study should be noted. First, although we
attempted to follow the sequence of information
processing (how the selection of newly encoun-
tered emotional information during attention con-
tribute to the later stages of conscious processing)
in our study design, longitudinal or experimental
manipulation designs are required to draw causal
conclusions about the direction of effects in the
relationship between attention, interpretation,
and memory. Replication of our findings that con-
siders the temporal administration sequence of
cognitive bias measurements is needed.

Second, we adopted happy faces rather than the
traditional netural faces as the comparator stimuli
to threatening faces in the attentional probe task.
Since the contrast between the negative–positive
face pairs is likely to be stronger than the nega-
tive–neutral ones, it is possible that the effect size
of the attention bias found in this study was over-
estimated. Third, we used an unselected sample in
our study to capture cognitive biases across differ-
ent levels of social anxiety. However, replication
of our findings in a clinical population is war-
ranted to ascertain the relationship of cognitive
biases in clinical social anxiety. Fourth, we focused
only on the study of cognitive biases in social anx-
iety utilizing facial stimuli, so more studies are
needed to replicate our findings in other types of
anxiety or disorders and using other types of
stimuli.

A further limitation was that the observed reli-
ability estimates of our attentional probe task
and memory bias task were quite low (see Appen-
dix Table B). Attention bias reliability ranged from
.35 to .43, comparable to those reported in the lit-
erature (0 to .59; e.g., Waechter & Stolz, 2015).
This is partly related to the statistical limitation
of using reaction time-based difference scores
(McNally, 2019). Although there have been recent
efforts to improve attention bias score reliability
(e.g., using trial-level bias scores or variability
measures), doubts have remained in the literature
(Carlson & Fang, 2020; Kruijt et al., 2016;
Swick & Ashley, 2017). This suggests that future
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research should continue to work on developing
attention bias tasks that use other forms of depen-
dent measure, not derived from reaction times—
for example, Macleod et al.’s (2019) probe identi-
fication accuracy measure. Previous research has
also suggested that the number of trials can affect
a task’s reliability estimates (Reynolds & Willson,
1985). It is likely that this contributed to low task
reliabilities in the present study, especially on the
memory bias task, which had the lowest number
of trials.

In addition, we obtained rather small effects
from the regression and path analyses. Although
the typical effect sizes obtained in experimental
assessments of cognitive biases are known to be
small (Bantin et al., 2016), the small effects we
found implied that there may be other unknown
factors that could have accounted for the cognitive
biases. Last, the absence of an association between
social anxiety symptoms and interpretation bias in
our study requires further investigation. Future
research is needed to examine the replicability of
our findings.

Conclusion
Our data provided preliminary empirical evidence
for the association between social anxiety symp-
toms and cognitive biases, as well as the linkage
between attention and memory bias via interpreta-
tion bias in facial perception. Specifically, the cur-
rent findings suggested that people with elevated
social anxiety, in general, tend to avoid paying
attention to and exhibit poorer memory for threat-
ening faces. However, when individuals selectively
orient to faces displaying anger, the faces were per-
ceived to be more negative. This, in turn, predicted
better memory of angry faces. These findings fur-
ther corroborate the combined cognitive bias
hypothesis and emphasize the importance of
matching stimulus properties when studying or
manipulating multiple cognitive biases.
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