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Abstract

Background Cognitive biases are found to play a role in the onset and maintenance of social anxiety. However, particularly
in adolescence, the link between different biases and their role in predicting social anxiety is far from clear. This study
therefore investigated the interplay between attention bias and interpretation bias in relation to social anxiety in adolescence
across three years.

Methods 816 adolescents in grade 7 to 9 participated at three yearly waves (52.8% boys, M, graqe7 = 12.60). Social anxiety
was measured with a self-report questionnaire. Attention bias was measured with a visual search task with emotional faces.
Textual vignettes assessed interpretation bias.

Results Cross-lagged models showed that negative interpretation bias at grade 7 predicted an increase in social anxiety at
grade 8. This effect was not found from grade 8 to 9. Attention bias did not predict social anxiety. Attention bias and inter-
pretation bias were not longitudinally related to each other, nor did they interact with each other in predicting social anxiety.
Conclusions Thus, no evidence was found for the Combined Cognitive Bias Hypothesis in social anxiety in adolescents.
Instead, our results suggest that interpretation bias rather than attention bias contributes to the increase of social anxiety over

time.
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The Longitudinal Interplay Between
Attention Bias and Interpretation Bias in
Social Anxiety in Adolescents

Social anxiety involves the fear to be negatively evaluated by
others, and is often accompanied by the avoidance of social
situations (American Psychiatric Association, 2013). Social
anxiety has its onset in childhood (Beesdo et al., 2011), but
symptoms increase during adolescence with a prevalence of
5-16% (Mesa et al., 2011). Youth with social anxiety experi-
ence severe consequences such as the increased risk of peer
victimization (Erath et al., 2007), depression, and substance
use (Beesdo et al., 2007). Early detection and treatment are
therefore warranted, highlighting the necessity of research
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on factors contributing to the onset and maintenance of
social anxiety.

Many cognitive models assume that biased cognitive pro-
cessing is such a contributing factor (e.g., Beck et al., 2005;
Wong & Rapee, 2016). Specifically, negative attention bias
(i.e., the attentional preference for negative stimuli) and
negative interpretation bias (i.e., the tendency to negatively
interpret ambiguous social situations) increase the risk of
experiencing social anxiety symptoms in children and ado-
lescents (Dudeney et al., 2015; Stuijfzand et al., 2018). Most
studies in children and adolescents so far have been cross-
sectional (e.g., Rozenman et al., 2014; Seefeldt et al., 2014,
Vassilopoulos et al., 2009; Waters et al., 2011), making it
difficult to draw conclusions about the long-term predictive
impact of biases on social anxiety. Exceptions are made for
two longitudinal studies. One of these studies showed that
adolescents with a negative interpretation style are at higher
risk for belonging to a high social anxiety trajectory (Miers
et al., 2013). The other study provided evidence that social
anxiety was able to predict negative interpretation bias two
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years later. However, interpretation bias could not explain
the pathway between shyness and social anxiety over time
(Blote et al., 2019). Longitudinal evidence about the role of
attention bias is still lacking. At the same time, most studies
in youth investigated the effect of either one of the biases
on social anxiety (e.g., Bogels & Zigterman 2000; Miers
et al., 2008; Salum et al., 2013), hereby ignoring the fact
that biases may be interrelated or interact with each other
(Hirsch et al., 2006). To overcome these limitations, the cur-
rent study focuses on the interplay between attention bias
and interpretation bias, and examines the longitudinal pre-
dictive ability of cognitive biases on social anxiety across
three years in adolescence.

Attention Bias, Interpretation Bias, and
Social Anxiety

Both attention and interpretation biases may play a role in
the existence and development of social anxiety in adoles-
cence. Following the theory of (Piaget, 1971), adolescence
in particular, may be a critical period of time for the devel-
opment of cognitive biases, as a result of socio-cognitive
maturation. Adolescents become able to think and reason
in an abstract way, and develop metacognitive beliefs (i.e.,
the ability to reflect on our own thoughts and behaviours;
Weil et al., 2013). This cognitive maturation may result in
heightened self-consciousness and concerns about self-pre-
sentation, and the development of cognitive biases (Rapee
& Spence, 2004; Westenberg et al., 2004).

Attention bias is a complex phenomenon consisting of
multiple components. On the one hand, it is characterized
by an enhanced engagement to threat as (socially) fearful
individuals are faster to detect negative stimuli in the envi-
ronment. On the other hand, it encompasses the delayed
disengagement from threat, which is described as the dif-
ficulty to withdraw one’s attention from negative cues (Bli-
cher et al., 2020). Most studies on attention bias in anxious
youth focus on one specific attention bias component (e.g.,
enhanced engagement to threat; Shechner et al., 2013) or use
a task which is not able to distinguish between the different
attention bias components (e.g., the dot-probe task; Clarke
et al., 2013). In this study, we aimed to examine both atten-
tion bias components by using a visual search task instead in
which participants in different trials either have to detect or
ignore a social threat. As such, we could investigate whether
attention biases in social anxiety are associated with biases
in engagement or disengagement (Donnelly et al., 2010).

Despite the theoretical frameworks and the fact that adult
studies continuously found evidence for the role of engage-
ment and disengagement attention biases in social anxiety
(Liang et al., 2017), the role of attention bias and its specific

components in youth is less clear. A review paper showed
that some studies failed to detect a link between atten-
tion bias and anxiety in children, including social anxiety
(Dudeney et al., 2015; Puliafico & Kendall, 2006), but oth-
ers showed that socially anxious youth are faster at detecting
threatening stimuli such as negative emotional faces (Roy et
al., 2008; Schmidtendorf et al., 2018; Seefeldt et al., 2014;
Waters et al., 2011). Meta-analyses comparing attention bias
in youth and adults are also inconclusive: one found atten-
tion bias to be similar across different age groups (Bar-Haim
et al., 2007), while another concluded that anxious children
show attention bias to a lesser degree than adults (Dudeney
et al., 2015). Actually, in line with the idea of socio-cog-
nitive maturation (Piaget, 1971), the association between
attention bias and anxiety increased with increasing age in
children, with adolescence being a critical period for a pos-
sible persisting role of attention bias (Dudeney et al., 2015).

Contrary to attention bias, there is ample evidence for the
role of interpretation bias in social anxiety. Recent meta-
analyses for adults (Chen et al., 2020), as well as children
and adolescents (Stuijfzand et al., 2018), concluded that a
negative interpretation bias was related to an increased risk
of experiencing anxiety symptoms, including social anxi-
ety. Furthermore, socially anxious children and adolescents
were more likely to interpret social situations in a threat-
ening manner than non-anxious individuals (Miers et al.,
2008; Rozenman et al., 2014). Similar to the findings of
attention bias, and in line with the theory of Piaget (1971),
the link between interpretation bias and anxiety also seems
to increase in strength from childhood to adolescence (Stui-
jfzand et al., 2018). This highlights the importance of focus-
ing on cognitive biases during adolescence.

Studies regarding cognitive biases in social anxiety var-
ied on whether the sample was unselected (i.e. a community
sample), highly trait anxious, or clinically diagnosed with
social anxiety disorder. Different meta-analyses on attention
bias and interpretation bias in adults, children, and adoles-
cents found that the variation among effect sizes of different
studies were not accounted for by the level of social anxi-
ety symptoms as a sample characteristic (Bar-Haim et al.,
2007; Chen et al., 2020; Stuijfzand et al., 2018). In other
words, the strength of the link of attention bias and interpre-
tation bias with social anxiety was similar for non-clinically
as well as clinically anxious individuals. Cognitive biases
were comparable across different types of anxious popula-
tions. In our study, we focus specifically on a community
sample of adolescents to be able to investigate the relative
contribution of attention bias and interpretation bias in the
development of social anxiety symptoms.
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Combined Cognitive Bias Hypothesis

Attention bias and interpretation bias are often studied as
two separate constructs, having their own independent
impact on social anxiety. However, the Combined Cog-
nitive Bias Hypothesis (Hirsch et al., 2006) assumes that
biases do not operate in isolation. The idea of the CCBH
comes from Neisser (1967) who suggested that cognitive
processes are cyclical, thus mutually reinforcing each other.
Instead of acting alone, attention bias and interpretation bias
are expected to be interrelated and influencing each other.
Different biases may interact in such a way that the combi-
nation of attention bias and interpretation bias is expected
to have a greater impact on social anxiety than individual
cognitive biases alone.

However, most studies in youth so far, investigated
the effects of different biases separately (Vassilopoulos &
Banerjee, 2008; Waters, Mogg, et al., 2008). Even if atten-
tion bias and interpretation bias were investigated simulta-
neously, the interrelation and interplay between biases were
often ignored in studies on youth (Klein et al., 2018; Waters,
Wharton, et al., 2008). There are two exceptions of studies
showing a positive link between attention and interpreta-
tion bias in different types of youth anxiety, including social
anxiety (Rozenman et al., 2014; Watts & Weems, 2006). In
both studies attention bias was assessed using a dot-probe
task (either with pictures of emotional faces, Rozenman et
al., 2014; or with threatening words and drawings of angry
faces, Watts & Weems 2006). In the study of Rozenman et
al. (2014), interpretation bias was measured using a word-
sentence association paradigm in which threatening/neutral
words appeared, with an ambiguous sentence following the
word. Adolescents were prompted to indicate whether the
word and sentence were related. Watts & Weems (2006)
used an ambiguous vignette task to measure interpretation
bias. Although results showed a clear relationship between
attention and interpretation bias, both of these studies were
cross-sectional, hereby overlooking the predictive mag-
nitude of biases on social anxiety, and did not take into
account the interaction between different biases, so did not
formally test all aspects of the CCBH.

In sum, while it is generally acknowledged that inter-
pretation bias may play an important role in maintaining, if
not causing, social fears, the role of attention bias in social
anxiety in adolescents is less clear. At the same time, the
combined role of attention bias and interpretation bias dur-
ing adolescence is only scarcely investigated. The current
study is set up to overcome this caveat by investigating how
attention bias and interpretation bias relate to each other,
and whether they individually and/or mutually predict
social anxiety over the course of adolescence. Understand-
ing the interplay between biases may also have clinical
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implications. While Cognitive Bias Modification (CBM)
techniques are prevailing as adjunct treatments to classi-
cal psychological treatments, modifying only one bias type
without addressing other underlying biases may be insuf-
ficient. This might be the reason why current CBM tech-
niques do not unequivocally lead to successful reductions of
psychological symptoms in youth (Platt et al., 2017).

Evidence regarding the effectiveness of combined CBM,
in which both attention bias and interpretation bias were
targeted, are mixed. One study showed that the effect of
combined CBM on decreasing social anxiety in adolescents
6 months later, was only marginally significant (Sportel et
al., 2013). However, there are also studies showing the util-
ity of combined CBM. For instance, adults receiving such
a combined CBM reported reduced social anxiety symp-
toms and this was also shown in a behavioural speech task
(Beard et al., 2011). Similarly, there is some preliminary
evidence for socially anxious adolescents to show reduc-
tions in social anxiety, negative social behaviour, general
anxiety, and depression after receiving both an attention and
interpretation training (Lisk et al., 2018). However, both
of these studies did not include an active control condition
(e.g., a single CBM training), limiting the interpretation of
the effects. Thus, more evidence for the combined effect
of different cognitive biases on social anxiety is needed to
guide clinical practice whether targeting multiple biases is
necessary for effective treatment.

Current study

The aim of the current study was to investigate how atten-
tion biases (both enhanced engagement and delayed disen-
gagement) and interpretation bias predicted social anxiety
symptoms during three years in adolescence. Additionally,
we tested the Combined Cognitive Bias Hypothesis (Hirsch
et al., 2006) by investigating how different biases are
related, and whether attention biases and interpretation bias
individually predict social anxiety, or whether they interact
with each other. Self-esteem and loneliness were included
as covariates as they have found to be related to these biases
in adults and youth (Lau et al., 2021; Tran et al., 2011), and
to social anxiety in youth (Maes et al., 2019; Van Tuijl et
al., 2014).

First, we hypothesized that negative attention biases
(enhanced engagement and delayed disengagement) and
interpretation bias will each independently predict social
anxiety one year later. Individuals who are faster to detect
negative stimuli (i.e., enhanced engagement), or are slower
to withdraw their attention from negative stimuli (i.e.,
delayed disengagement), or individuals with a higher
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negative interpretation bias will experience higher levels of
social anxiety at a later time point.

Second, regarding the CCBH, we expected that attention
biases (enhanced engagement and delayed disengagement)
and interpretation bias will be positively and bidirectionally
related to each other. That means that individuals who are
faster to detect negative stimuli (i.e., enhanced engagement)
or are slower to withdraw their attention from negative stim-
uli (i.e., delayed disengagement) will show higher negative
interpretation bias at a later time point. Vice versa, individu-
als with higher negative interpretation bias will have higher
negative attention biases at a later time point (they expe-
rience enhanced engagement to or delayed disengagement
from negative stimuli).

Third, we expected attention biases (enhanced engage-
ment and delayed disengagement) and interpretation bias to
positively interact with each other when predicting social
anxiety over the course of adolescence. Thus, the combined
effect of attention biases and interpretation bias on social
anxiety is expected to be larger than if biases act alone.

Method
Sample

This study is part of the Kandinsky Longitudinal Study
(KLS), an ongoing longitudinal study with yearly assess-
ments in secondary schools in the Netherlands since 2010.
The KLS investigates social and emotional functioning of
adolescents from grades 7 to grade 10 at a secondary school
in the Southeast area of the Netherlands (i.e., first through
fourth year of secondary education in the Netherlands). For
this study, we use data from the waves in 2017, 2018, and

Fig. 1 Example Trials of the
Attention Bias Visual Search
Task with an Angry in Neutral
Female Grid (Left) and a Neu-
tral in Happy Male Grid (Right)

2019 as these were the waves in which data on the variables
of interest were collected.

In total, 916 adolescents participated. We selected par-
ticipants who participated in at least one of the waves.
Data from students in Grade 10 were excluded, because
this concerns a subsample of students with a higher educa-
tional level, limiting the generalizability to a larger sample.
There were 23 participants who repeated a grade. For them,
we removed data from the duplicate grade onwards. This
resulted in removing two participants completely, as they
were absent during the non-duplicate years and had no data
left for grade 7, 8 or 9.

Our final sample consisted of 816 participants (52.8%
boys). In grade 7, participants were between 11.49 and 14.18
years old (M=12.60; SD=0.42). Information on ethnicity
was only collected in 2017, so is present for 474 participants
(58.1%). The majority was born in the Netherlands (96.4%)
or had parents who were born in the Netherlands (88.2—
90.9%). Different educational levels were represented in the
sample in grade 7: pre-vocational/pre-college (29.2%), pre-
college/pre-university (37.5%), and pre-university (33.3%).

Participants in our sample could be divided into four
different cohorts, dependent upon which year they entered
high school (see Appendix, Table A). The first cohort con-
sisted of adolescents who entered high school in 2017 and
were followed across three years (n cohortyy;7_»q19 = 259).
The second cohort were adolescents who were already in
Grade 8 in 2017 and were also assessed when they were in
Grade 9 one year later, thus were followed for two years (n
cohortyg;7_5013 = 242). The third cohort consisted of adoles-
cents who entered high school in 2018 and were in Grade 8
in 2019, thus were followed for two years (7 cohortyy;s_2019
= 176). The fourth cohort consisted of adolescents who
entered high school in 2019 and were thus only participat-
ing one year (n cohortyyo=139). These cohorts did not
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significantly differ from each other in gender, age, educa-
tional level, ethnicity, attention biases, self-esteem or lone-
liness in all grades (ps>0.05). However, there were some
mean level differences between cohorts in interpretation
bias and social anxiety levels in grade 7, ps <0.05 (but not
in grade 8 or 9). Yet more importantly, the associations
between variables did not significantly differ between the
cohorts (Fisher’s r-to-z transformations with p<.001 as
cut-off due to the many comparisons). Therefore, the four
cohorts were treated as one sample of 816 adolescents fol-
lowed from grade 7 to grade 9 (irrespective of the year in
which data were collected)'.

Measures
Attention biases

We created a visual search task with pictures of emotional
adolescent faces, similar to the task of De Voogd et al.
(2014). These faces were unfamiliar to the participants,
but represented youth of similar age. Both male and female
faces were used, but these were shown in separate matrices.
A matrix consisted of a 4x3 grid of faces presented on a
screen (see Fig. 1). All faces either had a happy, angry or
neutral expression, except for one (e.g., one face was look-
ing happy, while the rest showed a neutral expression). This
is called the odd-one-out paradigm.

The faces were adapted from the National Institute of
Mental Health Child Emotional Faces Picture Set (NIMH-
ChEFS; Egger et al., 2011). All pictures were resized so
the matrix fit on the screen. The colour of the outfits of the
actors was made black in Adobe Photoshop, to ensure that
each picture had similar colour features. Two sets of pic-
tures were selected: one for the practice trials and one for
the actual task. Both sets consisted of pictures of 12 male
and 12 female actors. For each actor we had a picture of a
happy, angry, and neutral facial expression. All faces were
randomly selected and positioned in the grid for each trial.

There were eight different types of trials, in which one
matrix of faces was shown: happy in neutral, neutral in
happy, angry in neutral, and neutral in angry, all separately
for male and female faces. Each type of trial occurred six
times, resulting in a total of 48 trials. These 48 trials were
divided into two consecutive blocks (24 trials per block),
with each trial type occurring three times per block. Par-
ticipants started with eight practice trials, one for each trial
type. During the practice trials, feedback was provided if the
response was incorrect and the same trial was then repeated.

! Differently than stated in the pre-registration, we did not explore
whether the longitudinal model differently applied to the four cohorts,
because we found no cohort differences in the associations between
variables.
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Correct responses were thus required before participants
could continue. After the practice trials, the actual trials
started. Participants had to detect the emotional face in a
neutral grid or the neutral face in an emotional grid as fast
as possible, by clicking on the face which had a different
expression than the others. The matrix was presented until
the participant responded, followed by a new trial. Per trial
we measured whether the trial was correct (i.e., the partici-
pant clicked on the face which was the odd-one-out) and the
latency in milliseconds that it took to click on the face.

We cleaned the reaction time data in a similar way as De
Voogd et al. (2014). First, we filtered out all incorrect trials
(4.27% of the trials in grade 7, 4.65% in grade 8, and 1.99%
in grade 9). Second, we removed all reaction time data of
participants who had more than 20% of the trials incorrect
(3.68% of the participants in grade 7, 5.15% in grade 8,
and 1.72% in grade 9). Third, we removed all fast outlier
data: correct trials with a reaction time lower than 200 mil-
liseconds (0.01% of the trials in grade 7, 0.01% in grade 8,
0.01% in grade 9). Finally, we removed slow outliers, which
are correct trials with a latency of two standard deviations or
higher than the mean latency of correct trials for their grade
(7.97% of the trials in grade 7, 8.68% in grade 8, 5.54% in
grade 9).

After cleaning the data, we computed the mean latency
of the happy-in-neutral trials, the angry-in-neutral trials, the
neutral-in-happy trials, and the neutral-in-angry trials, sepa-
rately for the two consecutive blocks and for the trials with
female versus male faces. Pearson correlations between the
different blocks ranged across grades between r=.40-0.54.
The correlations between male and female trials ranged
between r=0.44-0.66 across grades. We combined the
scores for both blocks? and for the male/female trials®.

This resulted in four different mean latency scores: one
for the happy-in-neutral trials, one for the angry-in-neu-
tral trials, one for the neutral-in-happy trials, and one for
the neutral-in-angry trials. A difference score of the mean
latency of the angry-in-neutral trials minus the happy-in-
neutral trials was used as an indication of attention bias
engagement. Delayed disengagement from threat was com-
puted as the difference score of the mean latency of the
neutral-in-happy trials minus the neutral-in-angry trials. We
standardized both difference scores. Higher positive scores

2 Exploratory analyses using Wald tests with p <.001 showed that our
models similarly apply if only trials from the first or second block were
taken into account.

3 We explored whether the models similarly applied if only male

or female trials were included using Wald tests with p <.001 while
controlling for participants’ own gender. Results were comparable,
but there was one difference. Attention bias engagement in grade 7
predicted attention bias engagement in grade 8 more strongly for the
female trials than the male trials. This difference was both present for
boys and girls.
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on these indices represent higher positive biases, higher
negative scores higher negative biases, and scores around
zero indicate that an adolescent has no attention engage-
ment or disengagement preference.

Interpretation bias

Seven textual vignettes describing social ambiguous scenar-
ios were used to asses interpretation bias. Each scenario was
accompanied by a positive, negative, and neutral interpreta-
tion of the scenario. Adolescents rated for each interpreta-
tion type how likely they found this interpretation matching
the scenario on a 6-point Likert-scale (1 = ‘absolutely not’
to 6 = ‘absolutely’). An example is: ‘Two classmates talk-
ing to each other are looking at you. Why are they look-
ing at you?’ with the following interpretations: They tell
something nice about me’ (positive), They are gossiping
about me’ (negative), and ‘They happen to be looking in my
direction’ (neutral). Three vignettes were adopted from the
Adolescents Interpretation and Belief Questionnaire (Miers
et al., 2008), one is from the Interpretation and Judgmental
Questionnaire (IJQ; Voncken et al., 2003), one is from an
interpretation bias task developed by Mobach et al. (2019),
and the remaining two vignettes were developed by the
authors of the present study. Previous studies consistently
detected interpretation bias in individuals with social fears
using such verbal vignette tasks (Stuijfzand et al., 2018),
providing evidence for its adequate psychometric proper-
ties. By only including vignettes describing socially ambig-
uous scenarios, the task was ecologically valid for socially
anxious adolescents.

The inter-item reliability was acceptable (Field, 2009),
with Cronbach’s 0=0.66-0.71 for positive interpretations
across grades, and a=0.72 for negative interpretations in
all grades. To get an indication of interpretation bias, we
calculated a difference score between the total score of the
positive minus the total score of the negative interpreta-
tions. Next, we standardized this difference score. A positive
score on this index represents a higher positive bias, a nega-
tive score a higher negative bias, and a difference score of
around zero indicates that an adolescent has no preference
for a certain interpretation type. The neutral interpretations
were not used for this calculation as they merely functioned
as filler items to ensure that participants were not forced into
a higher positive or negative interpretation bias.

Social anxiety

The Dutch version of the Social Anxiety Scale for Adoles-
cents (SAS-A; La Greca & Lopez 1998) was used to assess
adolescents’ social anxiety levels. This questionnaire con-
sists of 18 items. Participants indicated for each item how

much it describes themselves via a 5-point scale ranging
from 1 = ‘never’ to 5 = ‘always’. An example item is 7
worry about what others think of me’. In our study, inter-
item reliability of this questionnaire was good (Field, 2009),
with Cronbach’s a=0.91-0.92 across grades. We calculated
a total score by summing all items and subsequently stan-
dardized this score. A higher score indicates higher levels of
social anxiety.

Self-esteem

The Rosenberg Self-Esteem Scale (RSES; Rosenberg
1965) assessed self-esteem (included as a covariate in the
analyses). This scale consists of 10 items which had to be
answered on a 4-point scale ranging from 1 = ‘strongly dis-
agree’ to 4 = ‘strongly agree’. An example item is ‘In gen-
eral, I am satisfied with myself’. We reverse coded half of
the items before calculating a total score by summing all
items. Next, we standardized this total score, with higher
score indicating higher levels of self-esteem. In our study,
inter-item reliability of this questionnaire was good (Field,
2009), with Cronbach’s 0.=0.83-0.89 across grades.

Loneliness

The subscale peer-related loneliness of the Loneliness and
Aloneness Scale for Children and Adolescents (LACA;
Maes et al., 2015) was used to measure loneliness (included
as a covariate in the analyses). This subscale contains 12
items which had to be answered on a 4-point scale ranging
from 1 = ‘never’to 4 = ‘often’. An example item is: ‘I find
that I have fewer friends than others’. We computed a total
score by summing all items and subsequently standardizing
the score. A higher score indicates higher levels of loneli-
ness. In our study inter-item reliability was good (Field,
2009), with Cronbach’s 0.=0.88-0.89 across grades.

Procedure

The research questions, hypotheses, and analytic strategy
of this study are pre-registered (see: https://osf.io/xq25b/).
Each year, the school director requested the research and
claimed responsibility for the parental consent procedure. In
2017 and 2018 passive parental consent was obtained by the
school. In 2019 the consent procedure changed and parents
gave active consent. Adolescent gave assent to the study at
the start of the assessment each year. Both procedures have
been approved by the Institutional Review Board of the Fac-
ulty of Social Sciences of Radboud University (approval
code for 2018 and earlier waves: ECG2012-2505-038;
approval code for 2019 and later waves: ECSW-2018-086).
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Data collection took place at school, within a 45 to
60-minute classroom session. Adolescents completed dif-
ferent self-report questionnaires, peer-nomination items
(not relevant for the current study), the interpretation bias
vignettes, and the attention bias paradigm on individual
computers. At least two researchers were present during
the assessment in the classroom. Prior to assessment, one
researcher explained the goal and set-up of the study. Par-
ticipants were explained that the data would be processed
anonymously and handled confidentially. Adolescents were
asked to keep their answers to themselves and to be truthful
in answering all questions.

During the data collection, adolescents sat at a private
desk with partitioning screens. They were not allowed to
talk to each other during the assessment, but could ask
questions to the researchers. They could stop at any given
moment. Each year, all participants received a small present
and several tablets were raffled.

Missing Data

In total, 38.7% of the data was missing. This incomplete
data were due to three different types of missing data in
our sample. First, there were person-level missings, par-
ticipants who are missing for an entire grade. This was
because they did not enter high school in 2017 and thus
had not data available at all grades (i.e., three of the four
cohorts consisted of those participants, n=1557), shifted to
another school (n=54), were ill at the day of the assessment
(n=281), did not receive consent or give assent in a certain

variable being completed, but others not. Item-level missing
was only present for attention bias data and occurred by us
removing data of the incorrect trials and outliers. In total
11.04% of the attention bias values were missing.

Attrition analyses using Bonferroni corrections showed
that participants with or without missing data did not sig-
nificantly differ from each other in gender, age, educational
level, ethnicity, attention biases, interpretation bias, social
anxiety, self-esteem or loneliness in all grades (ps> 0.05).
Little’s MCAR test showed that the normed y? ratio was
1.35 and thus seen as acceptable (i.e. < 3; Ulman, 2013).
The different missing types were handled according to the
guidelines of Newman (2014). For item-level missing, we
used the available items to compute a mean score for this
construct. For construct-level and person-level missing, we
automatically replaced the missing data with the full infor-
mation maximum likelihood (FIML) estimator in Mplus,
version 8.6.

Results*
Preliminary analyses

Descriptive statistics of attention biases (enhanced engage-
ment and delayed disengagement), interpretation bias,
social anxiety, self-esteem, and loneliness in grade 7, 8, and
9 are shown in Table 1°. The mean social anxiety level in the
sample was relatively low, with only 10.8-14.7% of indi-
viduals across grades experiencing clinical levels of social

Table 1 Means and Standard Deviations of Attention bias, Interpretation Bias, Social Anxiety, Self-Esteem, and Loneliness per Grade

Grade 7 Grade 8 Grade 9

N M SD N M SD N M SD
AB engagement 519 938.26 1119.31 568 847.18 1181.68 355 875.99 975.75
AB disengagement 519 -1286.61 1257.70 568 -1233.52 1191.47 355 -1182.29 1029.15
Interpretation bias 552 5.49 9.07 611 5.41 9.21 368 5.25 8.65
Social anxiety 552 35.23 10.79 610 35.21 11.06 368 36.57 10.94
Self-esteem 552 32.09 4.58 610 32.16 4.96 368 31.95 5.16
Loneliness 551 16.66 5.17 610 16.49 5.28 368 16.65 5.11

Note. AB =attention bias; Sample size differs per variable and per grade due to missing data.

grade (n=138), or their data for a grade were removed by us
because they duplicated a grade (n=21). Second, there were
construct-level missing data, meaning that there is no data
for an entire construct at a wave. Participants were pres-
ent, but did not complete the measures within the one-hour
classroom session (n = 83), or, with regards to attention bias,
because they had more than 20% incorrect trials and their
data were removed from further analyses (»=86). Third, and
finally, there were item-level missings with some items of a
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4 All analyses described in the results section included the difference
score of interpretation bias (the total score of the positive minus the
total score of the negative interpretations). We also re-ran all analyses
with the raw negative interpretations scores instead. These results were
almost similar as the analyses with the interpretation difference scores
(with the exception of negative interpretations in grade 7 being no lon-
ger a significant predictor of social anxiety in grade 8). The findings of
these exploratory analyses can be found in table C, part D, and figure
E of the appendix

5 Table B in the Appendix also presents the descriptive statistics of the
raw positive, negative and neutral interpretation scores.
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anxiety (scores of 50 or higher as described by La Greca
& Lopez 1998)°. On average, adolescents had the tendency
to engage faster to positive than to negative stimuli (repre-
sented by the positive mean scores in all grades), but experi-
enced difficulty disengaging from threat (represented by the
negative mean scores in all grades). Moreover, as seen by
the positive mean scores for interpretation bias, adolescents
were in general more likely to interpret social situations in
a positive manner. However, the relatively high standard
deviations indicated that individual differences in attention
biases and interpretation bias were large.

Pearson’s correlation analyses between all variables at
all three grades were conducted to see how the variables
related to each other over the course of adolescence (see
Table 2). Attention bias engagement levels only correlated
weakly between grade 7 and 9, but were not linked at the
other grades. A weak correlation was found between atten-
tion bias disengagement in grade 7 and 8; and in grade 8 and
9, but levels in grade 7 and 9 did not correlate significantly.
Interpretation bias, social anxiety, self-esteem, and loneli-
ness were moderately to highly stable across grades.

The different attention bias components correlated neg-
atively but weakly with each other within and across all
grades, with the exception for the link between engagement
at grade 7 and disengagement at grade 9 for which the cor-
relation was positive. Different than expected, in general,
higher enhanced engagement to threat was thus related to
less difficulty with disengaging from threat. Attention bias
engagement and disengagement were not related to inter-
pretation bias, social anxiety, self-esteem or loneliness
within or across any of the grades with two exceptions:
(1) more difficulty with disengaging from threat in grade 8
was related to a higher positive interpretation bias in grade
9; and (2) a higher positive interpretation bias in grade 7
was related to more difficulty with disengaging from threat
in grade 9. These directions were different than what was
expected, but both of these correlations were weak.

Social anxiety, interpretation bias, self-esteem, and lone-
liness significantly correlated within and across waves with
each other, but the strengths of the correlations varied from
weak to strong. Higher levels of social anxiety were related
to higher negative interpretation bias and loneliness, and to

Grade 7 Grade 8 Grade 9
1 2 3 4. 5 6 1 2 3 4 5 6 1 2. 3 4 5 6
Grade 7
1. AB eng. - -23% 00 -.06 02 -07 -12*  -.00 .02 .07 .05
2. AB diseng. - -08 -01 -08 .01 -00 -.04 -04 .02
3. Int. bias -- -45%  44% - 41* -35% 7% -24%
4. Social anx. - -.54%  73% | -.04 -.38% -40*%  54%

5. Self-esteem - -51% | .02 37* -.44*
6. Loneliness -- -.07 .03 -35% 5%

Grade 8

1. AB eng. - -23*% 01 -.02

2. AB diseng. - -.05 .02

3. Int. bias -- -.48%*

4. Social anx.
5. Self-esteem
6. Loneliness

Grade 9

1. AB eng.

2. AB diseng.
3. Int. bias

4. Social anx.

5. Self-esteem
6. Loneliness

-- -20% 05 -01 -02 -03
- -06 -04 -07 -10

-- -50%  45%  -40%

- -57%  71*

- -46*

Note. AB eng. = attention bias engagement; AB diseng. = attention bias disengagement; Int. bias = interpretation bias; Social anx. = social anxiety.

Sample size differs per correlation due to missing data.
* Significant correlation, p <.05.

=10 was considered as a weak, » =30 as a moderate, and = .50 as a strong effect (Cohen, 1988).

Table 2 Pearson’s Correlations Between Attention Bias, Interpretation Bias, Social Anxiety, Self-Esteem, and Loneliness for Grade 7, Grade 8,
Grade 9 (white), and Across Waves (grey) including Autocorrelations (black)

6 When using a cut-off of 44 or higher as described by Olivares et al.
(2002) 20.1-25.8% of individuals across grades experienced clinical
levels of social anxiety.

lower self-esteem. Higher negative interpretation bias was
linked to higher loneliness and lower self-esteem. Finally,
higher loneliness related to lower self-esteem.

@ Springer
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Main Longitudinal Analyses
Model construction

There were no major violations of the assumptions for
linear regression analyses (see pre-registration for more
information). We computed cross-lagged panel models in
Mplus version 8.6 (Muthén & Muthén, n.d.). Three mod-
els were tested to investigate the direct effects of attention
biases (enhanced engagement and delayed disengagement),
and interpretation bias on social anxiety (Model 1), the link
between attention biases and interpretation bias over time
(Model 2), and the interaction effect of attention biases
and interpretation bias on social anxiety (Model 3). In all
models, autoregressive paths of attention biases, interpreta-
tion bias, and social anxiety from grade 7 to 8, and from
grade 8 to 9 were modelled to control for stability of the
variables. Within-grade correlations between all variables
in each grade were modelled. In all models, self-esteem
and loneliness were added as covariates (i.e., autoregres-
sive paths of the covariates and within-grade correlations
between the covariates and all other variables in all grades
were modelled). Model 1 included the direct effects from
attention biases (enhanced engagement and delayed disen-
gagement) and interpretation bias in grade 7 to social anxi-
ety in grade 8, and from biases in grade 8 to social anxiety in
grade 9. Model 2 included in addition the cross-lagged paths
between attention biases and interpretation bias. Model 3
included the same paths as Model 2, but also included the
interaction terms between attention biases and interpretation
bias to social anxiety. We computed interaction terms of the
standardized bias difference scores of attention bias and
interpretation bias by multiplying them with each other. We
did this separately for attention bias enhanced engagement
and delayed disengagement.

Good model fit was concluded if the chi-square test
was non-significant, p>.05, CFI>0.95, RMSEA<0.06,
and SRMR <0.08 (Hu & Bentler, 1999). As the chi-square
test is very sensitive for sample size, the main conclusions
about the model fit were drawn upon the other fit criteria.
Lower Akaike Information Criterion (AIC) values indicated
a better fit. Changes in fit between the three models were
examined using a chi-square difference test and evaluated
as substantial if ACFI>—-0.010, ARMSEA>0.015, and
ASRMR >0.010 (Chen, 2007).

Direct effects of attention biases and interpretation bias on
social anxiety

Model 1 had an appropriate model fit according to most
fit indices except the chi-square, ¥*(90)=221.98, p<.001,
RMSEA=0.04, CFI=0.95, SRMR =0.08, AIC=22382.03.
Autoregressive effects for social anxiety, interpretation bias,
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self-esteem, and loneliness indicated moderate to high sta-
bility across grades (ranging between 3 =0.48-0.64). Atten-
tion bias disengagement was weakly to moderately stable
over time (B=0.12-0.22), while autoregressive effects for
attention bias engagement were all non-significant.

Interpretation bias in grade 7 negatively predicted the
level of social anxiety symptoms in grade 8 (p = —0.08).
This effect was only weak, but indicated that adolescents
with a higher negative interpretation bias experienced
increased social anxiety one year later. However, this effect
was not found from interpretation bias in grade 8 to social
anxiety in grade 9 (B = —0.06, p =.08). None of the attention
bias parameters predicted social anxiety over time. Within-
grade correlations are not interpreted, for that we would like
to refer to the findings of the Pearson correlations.

Associations among attention biases and interpretation
bias

Model 2 encompassing the direct effects between differ-
ent biases had a comparable fit to Model 1, ¥*(82)=217.16,
p<.001, RMSEA=0.05, CFI=0.95, SRMR=0.08,
AIC=22393.21. Including the direct effects between atten-
tion biases and interpretation bias did not lead to a significant
or substantial improvement in model fit compared to Model
1,Ax*(8)=4.82,p=.777,ACFI1=0.001, ARMSEA = —0.003,
ASRMR =0.001, and AAIC=11.19. Attention bias engage-
ment and disengagement did not predict interpretation bias
levels, nor did interpretation bias predict attention biases
over time.

Interaction effect attention biases and interpretation bias
on social anxiety

When adding the interaction terms between atten-
tion biases and interpretation bias in Model 3, the
model fit remained comparable to the first and sec-
ond model, ¥*(126)=309.79, p<.001, RMSEA=0.04,
CFI=0.93, SRMR=0.07, and AIC=28805.56. The
model fit was significantly and substantially (according
to CFI) worse than Model 1 (Ax*(36)=87.81, p<.001,
ACFI=-0.019, ARMSEA =0.000, ASRMR =—0.009, and
AAIC =6423.53) and Model 2 (Ay*(44)=92.62, p<.001,
ACFI=-0.018, ARMSEA=-0.003, ASRMR=-0.008,
and AAIC=6412.345). All four interaction effects were
non-significant, indicating that attention biases and interpre-
tation bias did not mutually predict social anxiety over time.

To summarize, Models 2 and 3 did not significantly
improve the model fit, nor were these paths significant.
Therefore, Model 1 functioned as our final model (see
Fig. 2).
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Discussion

In this study, we investigated how negative attention biases
(enhanced engagement to threat and delayed disengagement
from threat) and negative interpretation bias were related
to social anxiety during three years in adolescence. Addi-
tionally, we investigated whether attention biases and inter-
pretation bias were related to each other, and individually
and/or mutually predicted social anxiety as assumed by the
Combined Cognitive Bias Hypothesis (Hirsch et al., 2006).
In this prospective longitudinal study, we found support
for the role of negative interpretation bias in social anxiety
during adolescence. However, neither one of the attention
bias types were able to predict social anxiety. Moreover, no
evidence was found for the CCBH, as attention biases and
interpretation bias were not related and did not interact with
each other in relation to social anxiety.

Individual Effects of Attention Biases and
Interpretation Bias on Social anxiety

Attention biases (i.e., enhanced engagement to threat and
delayed disengagement from threat) were not related to
social anxiety, thereby adding to the current field of research
showing mixed and inconclusive evidence for the role of
attention bias in social anxiety in youth (Morren et al., 2004;
Puliafico & Kendall, 2006; Roy et al., 2008; Waters et al.,
2011). Interpretation bias, on the other hand, did negatively
relate to social anxiety, with higher negative interpretation
bias predicting an increase in social anxiety. This finding
was in line with cognitive models (e.g., Beck et al., 2005;
Wong & Rapee, 2016) and previous research in children
and adolescents (Stuijfzand et al., 2018). The effect of

interpretation bias was only present from grade 7 to grade 8,
which was contrary to the suggestion that the link between
interpretation bias and social anxiety actually increased with
age (Stuijfzand et al., 2018). The absence of an effect from
grade 8 to grade 9 could possibly be explained by the fact
that adolescents stayed in the same class in grade 7 and 8§,
but switched classes in grade 9. Entering a new peer context
involves establishing new friendships and social ties, and it
calls for a new social ranking of the peer group. A new peer
context could elevate social fears (as adolescents have to
meet new peers which could be threatening), but could also
bring positive opportunities to adolescents (e.g., if adoles-
cents are bullied in their previous context, they could form
more positive peer relationships in the new context). These
social contextual changes may have complicated our find-
ings as it is unsure how the new peer context impacts the
relationship between interpretation bias and social anxiety.
The different effects of attention bias versus interpreta-
tion bias in relation to social anxiety may also have some-
thing to do with the different conceptualization of attention
and interpretation biases, and the developmental time frame
under investigation. While interpretation bias is found to
be a stable trait-like characteristic (Creswell & O’Connor,
2011), researchers argue that attention biases are fluctuating
over time (which was also confirmed by our results), being
highly context-dependent, and could be better understood
as state processes (Zvielli et al., 2015). Indeed, a previ-
ous study showed that stressful situations may alter atten-
tion biases (Bar-Haim et al., 2010), and in fact, attention
biases for threat were already unstable across 7 days (Li et
al., 2008). Perhaps, the yearly time interval of the current
study was thus too large to find effects of attention biases
related to social anxiety. Future research could benefit from
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measurement burst designs with multiple measurement
moments with short time-intervals (Sliwinski, 2008).

In our study, we used an unselected community sample.
As expected, the percentage of individuals with clinically
social anxiety levels was rather small, ranging between
10.8% and 14.7% across grades (scores of 50 or higher as
described by La Greca & Lopez 1998). Re-examining the
descriptive statistics for this subsample of clinically anxious
adolescents showed that this subgroup had the tendency to
negatively interpret situations compared to non-anxious
adolescents who showed a positive interpretation bias.
However, the attention bias patterns were similar for the
entire normative sample compared to the socially anxious
subgroup. This suggests that maybe a negative attention
bias does not exist for these individuals at all, or that the
sample size of this subgroup was too small to find a negative
attention bias. To conclude, our results suggest that attention
bias does not play an important role in explaining individual
differences in social anxiety in a normative sample of ado-
lescents, while interpretation bias did. Replicating this study
in a large (sub-)clinical sample of socially anxious adoles-
cents could help to investigate the generalization of findings
from analogue samples such as in our study (Chen et al.,
2020), and to formally test whether the Combined Cognitive
Bias Hypothesis does apply differently to individuals with
heightened social fears.

The lack of findings with regards to attention bias in social
anxiety could be because of certain other methodological
factors. For instance, there is much doubt regarding the ade-
quacy of the psychometric properties of reaction-time based
paradigms for measuring attention bias in children (e.g.,
Brown et al., 2014; Wermes et al., 2017). In contrast, some
studies provided evidence that the visual search task was
successful for detecting attentional threat biases in youth,
and actually better in doing so than other measures of atten-
tion bias such as the dot-probe task (de Voogd et al., 2016).
Not only the visual search task in itself raises questions, but
there is also some discussion about the type of stimuli used
in this task. Some argue that especially angry facial expres-
sions may be ecologically valid threat stimuli for adoles-
cents with social anxiety, as it reflects the fear of rejection
(Rinck & Becker, 2005). However, others suggested that it
would also be interesting to investigate attention to differ-
ent negative emotional expressions, such as disgust, as that
may convey the desire to avoid or reject (Buckner et al.,
2010). Future research should formally test the reliability
and validity of the task and stimuli.

In our study, the visual search task seemed to be unre-
liable, seen by the high standard deviations and the weak
or non-significant correlations between the attention bias
variables across and within grades. This unreliability could
be due to two competing explanations. On the one hand,
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participants could have become fatigued during the atten-
tion bias task and may have not responded to the later trials
in a concentrated manner. This explanation seems plausible
as several adolescents complained that the task was long and
repetitive, and that they were easily distracted. However,
our results showed that there was no difference between
data from the first and the second half of the task (in fact,
scores between block 1 and 2 were moderately correlated),
and previous studies with adolescents even successfully
included more trials (72 compared to 48 trials in our study;
De Voogd et al., 2017). On the other hand, we may have not
included enough trials in our task, since a higher amount of
trials increases the stability of effects. When developing a
task there is an important trade-off between the amount of
trials necessary to find stable effects and the feasibility of the
task for participants (Price et al., 2015). Due to the fact that
our data collection procedure consisted of many measures,
we decided to keep the attention bias task relatively short.
Future research should determine the minimum amount of
trials necessary to retrieve reliable attention bias data.

Another methodological explanation comes from the
suggestion that attention bias consists of many different
subcomponents that unfold from moment-to-moment across
time (Rodebaugh et al., 2016; Zvielli et al., 2015). A previ-
ous study only found a negative attention bias in anxious
individuals during the first 500 milliseconds of stimulus
presentation (Gamble & Rapee, 2009). Our visual search
task, in which participants were allowed to view the stimuli
as long as they needed, did not allow for determining the
time course of various attention bias processes. Future stud-
ies including for instance eye-tracking would be better able
to determine the time frame in which these processes should
occur (Armstrong & Olatunji, 2012; Roy et al., 2015), and
eye-tracking was found to be a successful method for chil-
dren and adolescents (In-Albon & Schneider, 2010).

Finally, the difference in the results of attention bias and
interpretation bias could also be accounted for by the differ-
ence in self-relevance between both tasks. The interpreta-
tion bias task specifically instructs participants to imagine
themselves being in the situation. However, the attention
bias task did not induce any form of self-relevance with
the task, but simply asked to detect a face. Previous find-
ings show that negative biases are mostly triggered when
faced with stress or in self-relevant situations (Vassilopou-
los & Banerjee, 2012). Future research could thus examine
whether different attention bias results would be found if
a stress induction is used or if the self-relevance with the
attention bias task is increased.



Cognitive Therapy and Research (2022) 46:940-955

951

Combined Cognitive Bias Hypothesis

Finally, attention biases were not related to interpreta-
tion bias, neither directly nor in interaction when predict-
ing social anxiety, showing no support for the Combined
Cognitive Bias Hypothesis for social anxiety in adolescents
(Hirsch et al., 2006). This is contrary to two previous studies
showing a link between attention and interpretation biases
in youth anxiety, including social anxiety (Rozenman et
al., 2014; Watts & Weems, 2006), and research showing
the effectiveness of combined Cognitive Bias Modification
(CBM) techniques in reducing social anxiety (Beard et al.,
2011; Lisk et al., 2018). There are two possible interpreta-
tions of these findings. On the one hand it could be that there
is simply no support for the CCBH in adolescence. Atten-
tion bias and interpretation bias may just not be related, and
rather function as two independent processes. This sugges-
tion could theoretically be supported by neurological mod-
els arguing that automatic (i.e., attention bias) and more
effortful controlled (i.e., interpretation bias) regulatory pro-
cessing are managed in a partly different way by the brain
(Cunningham et al., 2004). In line with this reasoning, it
would then be important to study attention bias and interpre-
tation bias as separate processes in order to understand the
development of social anxiety.

On the other hand, it could also be that the different biases
were not related to each other because of the methodologi-
cal difficulties with measuring attention bias in particular (as
extensively discussed earlier). In addition, the result that dif-
ferent cognitive biases were not related to each other, could
also be attributed to another methodological issue, namely
the different modalities used for the attention bias and inter-
pretation bias task. Specifically, in our study, interpretation
bias was measured with textual vignettes, while attention
bias was assessed using pictures of emotional faces. The use
of visual versus verbal stimuli may have complicated the
possibility to find a relationship between these different cog-
nitive biases, particularly because the degree of social fears
was also assessed with a textual (verbal) measure. Future
research should develop comparable cognitive bias tasks to
assess both attention bias as well as interpretation bias, ide-
ally in the same modality. An attempt for this has already
been made, with two studies integrating attention bias para-
digms in a standard textual interpretation task. Specifically,
participants completed a scrambled sentence task to see
whether they would complete the sentence in a positive or
negative way (as an indication of interpretation bias), and
tracked the time spent at the positive versus negative words
(as an indication of attention bias) (Sanchez et al., 2015;
Sanchez-Lopez et al., 2019). Another study also showed
the utility of a pictorial task to assess interpretation bias,
to ensure that the modality of the task is similar to that of

classical attention bias tasks in which visual stimuli are also
often used (Henricks et al., 2022). Equalizing the assess-
ment of attention bias and interpretation bias in terms of
modality also led to stronger associations between the two
biases, with Pearson correlations ranging between r=.30
and r=.32, p<.05 (Sanchez et al., 2015), as compared to
the non-significant correlations found in the present study.

Strengths, Limitations, and Future Research

This pre-registered, prospective longitudinal study was one
of the first to investigate the link between different cognitive
biases across three years in adolescence. Including multiple
measurement moments across different years allowed for
the longitudinal investigation of these cognitive processes
during an age period which is critical for social cognitive
development (Choudhury et al., 2006) and the rise of psy-
chopathology, including social anxiety (Mesa et al., 2011).
Another strength of the study was its relatively large sample
size, allowing for well-powered statistical analyses (i.e., in
our most complex model we had at least 10 observations per
parameter; Kline 2015).

However, there were also some limitations to this study.
As discussed extensively earlier, the reliability of the atten-
tion bias task needs further improvement. In addition, we
investigated two components of attention bias: enhanced
engagement to threat (in other studies referred to as early
vigilance to threat) and delayed disengagement from threat,
which is in line with recent attention bias frameworks
(Richards et al., 2014). However, other theories suggest that
after detecting threat, socially anxious individuals are char-
acterized by the quick visual avoidance of threat (e.g., the
hypervigilance-avoidance model; Mogg & Bradley 1998).
It might be that this attentional avoidance is the key pro-
cess in attention bias and accounts for the maintenance of
social fears because it prevents the exposure, and therefore
the habituation and objective evaluation of socially threat-
ening information (Amir & Bomyea, 2010; Mogg et al.,
1997). Unfortunately, the visual search task used, did not
allow for this avoidance process to be captured. It is impor-
tant for future research to focus on all three attention bias
mechanisms to fully understand attention bias as a whole,
for instance by using eye-tracking (Cisler & Koster, 2010).
Third, in our study we focused specifically on adolescence
as this is the age period in which stable social cognitions
emerge (Lakdawalla et al., 2007). However, there are also
studies supporting the existence of attention biases related
to depression in 5-years old children (Kujawa et al., 2011).
As recommended by Platt et al. (2017) future studies should
concentrate on investigating cognitive biases across a wide
developmental period to better understand the emergence
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of cognitive biases, and their role in the onset and main-
tenance of psychopathology. Fourth and finally, another
important suggestion for future research would be to exam-
ine individual differences in our conceptual model. Due
to the heterogeneity among socially anxious individuals
(Binelli et al., 2015), it could be that the Combined Cogni-
tive Bias Hypothesis only applies to a specific subsample.
For instance, concepts such as self-esteem or social compe-
tence could play a moderating role, as they are found to be
related to cognitive biases and social anxiety (Miers et al.,
2013; Tran et al., 2011; Van Tuijl et al., 2014). Other statis-
tical analyses such as Latent Class Growth Modeling and
network analyses could be more beneficial to investigate
individual differences than the cross-lagged panel models
used in the current study.

Conclusions

The current study showed that negative interpretation bias
predicted higher levels of social anxiety one year later.
Attention bias did not predict social anxiety. No support
was found for the Combined Cognitive Bias Hypothesis
(Hirsch et al., 2006). Attention bias and interpretation bias
were not longitudinally related to each other, nor did they
interact with each other in predicting social anxiety. Tak-
ing the limitations into account, our results indicate that
interpretation bias rather than attention biases contribute
to the increase of social anxiety over time. Future research
should, apart from improving attention bias tasks for ado-
lescents, continue to focus on the role of different cognitive
processes, and how they relate and interact with each other
when predicting social anxiety. This is needed to provide
conclusive evidence whether or not the Combined Cogni-
tive Bias Hypothesis does apply to adolescents, and may set
important guidelines for current treatments. For instance,
if our results are replicated and only interpretation bias is
found to play a role in social anxiety, clinical practice should
focus more on Cognitive Bias Modification techniques for
interpretation (CBM-I) than for attention bias (CBM-A) or
combined CBM.
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