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Abstract 

Attentional bias modification (ABM) aims to attenuate social anxiety by 
directly modifying the underlying bias that generates and maintains prob-
lematic anxiety. Mixed results from previous ABM studies have spurred 
efforts to boost its effectiveness by introducing more robust bias modifica-
tion protocols and new technologies. This thesis explored the effects 
of virtual reality (VR) based ABM training on attentional bias and social 
anxiety symptoms. 
Study I investigated the efficacy of a single-session, VR based dot-probe 
task in reducing attentional bias and social anxiety symptoms. The results 
showed no significant differences between active and mock ABM training. 
No attentional bias was observed at baseline, and the dot-probe training did 
not alter attentional bias. The use of two-dimensional or three-dimensional 
stimuli had no significant impact on anxiety symptom or bias. Although we 
found an overall reduction in anxiety symptoms over time, this reduction 
was not specific to active training and the magnitude of change was not clin-
ically significant. Study II examined the efficacy of a single-session, VR 
based person-identity-matching (PIM) task. The results were practically 
identical to those found in Study I, with no bias observed at baseline and no 
correlation observed between bias and anxiety. No change in attentional bias 
was observed post-training. For anxiety symptoms, participants showed a 
general reduction in their anxiety scores over time. Once again, this reduc-
tion was nonspecific and clinically insignificant. Overall, the empirical stud-
ies of the current thesis indicated no substantial treatment gains from a single 
session of VR based ABM. More accurate, reliable, and precise measures of 
attentional bias are needed before we can properly assess the efficacy of any 
ABM procedure. Study III took on a broader perspective by compiling and 
synthesising contemporary expert opinions on the use of virtual reality and 
mixed reality technologies in the treatment of anxiety and stress-related 
disorders, with a focus on the current state of technology-assisted psycho-
therapies and their prospective development. The experts acknowledged that 
current VR psychotherapies still face some challenges, but the consensus 
was that the overall outlook for future use of VR psychotherapies remained 
positive. 
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Summary in Swedish 

Attentional bias modification (uppmärksamhetsbiasmodifiering; ABM) 
syftar till att dämpa social ångest genom att direkt modifiera den 
underliggande bias som genererar och upprätthåller klinisk ångest. Blandade 
tidigare resultat i ABM-forskning har sporrat försök att öka effektiviteten av 
ABM genom att introducera ännu mer robusta protokoll och nya teknologier. 
Den föreliggande avhandlingen undersökte effekterna av virtual reality-
baserad (VR) ABM-träning på uppmärksamhetsbias och symptom på social 
ångest.   
Studie I undersökte effektiviteten av en träning vid ett enstaka tillfälle med 
en VR-baserad dot-probe-uppgift med målet att minska uppmärksamhetsbias 
och symptom på social ångest. Resultaten uppvisade inga signifikanta 
skillnader mellan experimentgruppen med ABM-träning och
placebogruppen. Ingen uppmärksamhetsbias observerades vid baseline, och 
dot-probe-uppgiften förändrade inte uppmärksamhetsbiasen. Använding av 
tvådimensionella eller tredimensionella stimuli i uppgiften hade ingen 
signifikant effekt på varken bias eller ångestsymptom. Vi observerade en 
generell minskning i ångestsymptom över tid, men detta gällde både 
experiment- och placebogrupp, och magnituden av minskingen var inte 
kliniskt signifikant. Studie II undersökte effektiviteten av träning vid ett 
enstaka tillfälle med en VR-baserad person-identity-matching-uppgift (PIM). 
Resultaten var praktiskt taget identiska med de som uppkom i Studie I; ingen 
uppmärksamhetsbias observerades vid baseline och ingen korrelation 
observerades mellan bias och ångest. Ingen förändring i
uppmärksamhetsbias uppkom efter ABM-träning. Gällande ångestsymptom 
så hade deltagarna en generell minskning i ångest över tid, men minskningen 
var återigen inte begränsad endast till aktiv träning och var inte heller 
kliniskt signifikant. Sammantaget visade de två empiriska studierna i denna 
avhandling inga betydande behandlingsfördelar från VR-baserad ABM-
tränining vid enstaka tillfälle. Noggrannare, pålitligare, och precisare 
mätningar av uppmärksamhetsbias krävs innan vi kan göra en ordentlig 
bedömning av den faktiska effektiviteten av ett ABM-protokoll. Studie III 
hade en bredare ansats, där en sammanställning gjordes av aktuella 
expertåsikter på användning av virtuell och blandade reality-tekniker i 
behandlingen av ångest- och stressjukdomar. Fokus i studien låg på att 
utvärdera det nuvarande läget i teknikassisterad psykoterapi och dess 
prospektiva utveckling. Experterna medgav att aktuella VR-psykoterapier 
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fortfarande har en del utmaningar kvar, men konsensus var att den 
övergripande synen på framtida VR-terapier kvarstår som god. 
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Introduction 

The complex social interactions between human beings weave the fabric of 
our society. Social interactions enable communication and collaboration, the 
generation and propagation of knowledge, values, norms, and customs. The 
desire to form and maintain interpersonal bonds has long been argued to be a 
fundamental motivation that drives human behaviour (Baumeister & Leary, 
1995). Despite the fact that social interactions are ubiquitous and often occur 
on a daily basis, it is common for individuals to experience nervousness or 
fearfulness when interacting with others. Social anxiety exists on a continu-
um, from little or no social fear, to intense aversion of social interactions 
(Dell’Osso et al., 2003; Kashdan, 2007). While mild anxiety does not signif-
icantly interfere with an individual’s social functioning, clinical manifesta-

tions of social anxiety can significantly decrease quality of life. 

Social Anxiety Disorder  
Social anxiety disorder (SAD) is characterised by persistent fear and avoid-
ance of social or performance situations due to the possibility of being scru-
tinised and judged by others. SAD is one of the most common psychological 
disorders in the world, with lifetime prevalence estimates ranging from 3% 
to 13% (Alonso & Lépine, 2007; Kessler et al., 2012). The disorder onset 
tends to occur during early adolescence, with females more frequently af-
fected than males (Bandelow & Michaelis, 2015).  
 

Despite their desire to establish social bonds, individuals with SAD expe-
rience great difficulty when interacting with others. They tend to be shy, 
quiet, and withdrawn in unfamiliar social setting. They experience symptoms 
such as fear, blushing, eye-contact avoidance, increased heart rate, sweating, 
shaking, and difficulty concentrating. Due to fear of social rejection, they 
avoid socialising with peers, and refrain from expressing their opinions, 
which can sometimes lead others to perceive them as aloof or arrogant (Stein 
& Stein, 2008). Low self-esteem and high self-criticism are personality traits 
associated with SAD (Cox et al., 2004), which further exacerbates their fear 
of social interactions. 
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Why is SAD a problematic disorder? 
The early age of onset makes SAD an insidious condition. Since adolescence 
is a critical period during which many social skills are acquired and honed, 
failure to diagnose and treat SAD could have significant negative impact on 
a child’s social development, resulting in a myriad of dysfunctions later in 
life (Lépine & Pélissolo, 2000). SAD is known to have a chronic clinical 
course, little probability of spontaneous recovery without intervention, and a 
high probability of recurrence (Bruce et al., 2005).  

The negative effects of SAD have been documented extensively. Children 
with SAD have difficulty making friends, deficient social skills, struggle 
academically, exhibit school refusal behaviour and have higher rates of 
school dropout (Scharfstein et al., 2011; Stein & Kean, 2000). As adults, 
SAD is associated with difficulty in practically all aspects of social life – 
from close interpersonal relationships with family, friends, and romantic 
partners, to professional relationship at work and with society in general 
(Bruch et al., 2003; Rodebaugh, 2009; Sparrevohn & Rapee, 2009; Stein & 
Kean, 2000). SAD is predictive of general dissatisfaction and significantly 
reduced quality of life (Wittchen & Beloch, 1996). Furthermore, it has been 
shown that high levels of social anxiety, even if below the diagnostic thresh-
old for SAD, are correlated with negative outcome measures and reduced 
quality of life (Fehm et al., 2008; Mendlowicz & Stein, 2000). 

The disabling nature of SAD can lead to substantial economic burden to 
individuals and society as a whole. One study estimates that anxiety disor-
ders represent an average annual excess cost of €3,587 per person, largely 

due to productivity loss (Smit et al., 2006). A 2010 Europe-wide study esti-
mates anxiety disorders to be the fourth highest costing (€74.4 billion) neu-

ropsychiatric disorder, behind mood disorders, dementia, and psychotic dis-
orders (Gustavsson et al., 2011). 

Not only is SAD impairing in itself, it also has a high degree of comorbid-
ity with other mental health conditions – notably other anxiety disorders 
such as panic disorder, generalised anxiety disorder, agoraphobia, obsessive-
compulsive disorder (Acarturk et al., 2008; Bruce et al., 2005; Mennin et al., 
2000); mood disorders such as major depressive disorder and bipolar disor-
der (Kessler et al., 2012; Ohayon & Schatzberg, 2010); eating disorders 
(Kaye et al., 2004), and substance abuse (Lai et al., 2015). One epidemiolog-
ical study found 66% of the respondents with SAD suffered from at least one 
comorbid condition (Acarturk et al., 2008). Comorbidity with other disorders 
can increase symptom severity, complicate diagnosis and treatment, and 
worsen daily functioning.  
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Despite its high prevalence, many individuals suffering from SAD do not 
receive treatment in primary health care (Kroenke et al., 2007; Wittchen & 
Jacobi, 2005). Epidemiological studies on treatment-seeking behaviours 
reveal less than half of individuals suffering from SAD seek treatment for 
their condition. Treatment-seeking is often prompted by symptoms from 
comorbid conditions such as depression. As a result, social anxiety is often 
not the chief complaint or the focus of consultation, leaving the condition 
undiagnosed (Acarturk et al., 2008; Ruscio et al., 2008).  

Aetiology 
There is currently no unified theory that fully explains the origin of SAD. 
Research from different disciplines have generated hypotheses on its patho-
genesis from a number of perspectives.  

Evolutionary perspective 
Fear and anxiety serve evolutionary functions in terms of alerting danger and 
protecting one from harm. From an evolutionary perspective, social anxiety 
originated as an avoidance system that protects against social rejection. In-
terpersonal interactions, even at the very basic level, require certain invest-
ment of time, energy, and resources (Gilbert, 2001). Therefore, social inter-
actions are intrinsically value-based and competitive – individuals who ex-
hibit valued traits (i.e. attractiveness, status, competence) are deemed more 
‘worthy’ of such investments than those who do not. Since these value 

judgements are made by others, an individual’s social worth is often beyond 
their control. As a result, social anxiety arises when one’s social worth is 

challenged. It has been shown that people with clinical social anxiety are 
very sensitive to social threat cues (Brook et al., 2002); overestimate the 
probability and perceived cost associated with negative social situations (Foa 
et al., 1996), while underestimate their actual performance (Hirsch & Clark, 
2007). These tendencies in turn exacerbate anxiety, leading to coping strate-
gies such as avoiding social situations altogether. Conversely, there is also 
evidence suggesting that a subset of individuals externalise their anxiety by 
behaving in an aggressive and egotistical manner to protect against rejection 
(Erwin et al., 2003). Ultimately, the diverse and sometimes polar-opposite 
behavioural patterns associated with high social anxiety all serve the same 
functional goal: to minimise the likelihood of social rejection. 

Biological perspectives 
As an extension of the evolutionary perspective, biological theories of SAD 
attempt to explain the disorder by examining the relationship between social 
anxiety and factors such as genetics, neurobiology, and the environment. It 
has been shown that first-degree relatives of SAD patients tend to have high-
er rates of SAD compared to relatives of healthy controls (Stein et al., 1998).  
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Epidemiological studies on the heritability of SAD have reported estimates 
around 30% to 50% (e.g. Kendler et al., 1999; Scaini et al., 2014). Recent 
genome-wide association analyses have identified several single nucleotide 
polymorphisms as potential risk factors, such as rs7528604 in PDE4B (Mei-
er et al., 2019), rs78924501 in chromosome 1, and rs708012 in chromosome 
6 (Stein et al., 2017). However, it is worth noting that while these studies 
established correlations between certain genetic variations and SAD, they 
cannot yet explain the exact mechanisms behind its pathogenesis. The con-
sensus is that genetic inheritance contributes to the vulnerability to SAD 
rather than the disorder itself (Kendler et al., 1999). 
 

One common hypothesis posits that genetic variation can influence how 
our brain responds in social situations. Neuroimaging studies have shown 
that regions that process threat-related information seem to be overly active 
in individuals with SAD. For instance, the so called ‘fear circuit’ (consisting 

of amygdala, insula, anterior cingulate, and prefrontal cortex) plays a major 
role in fear response, and is known to be hyperactive in SAD patients com-
pared to healthy controls (Brühl et al., 2014; Etkin & Wager, 2007). Amyg-
dala activation has also been found to positively correlate with social anxiety 
symptoms in SAD (Brook et al., 2002; Phan et al., 2006). More recent stud-
ies have identified not only hyperactivity, but also reduced functional con-
nectivity between brain circuits. This suggests that SAD-associated neurobi-
ological abnormalities are network disruptions rather than mere regional 
hyperactivity (Brühl et al., 2014). 

Developmental perspectives 
The developmental course from early life to the manifestation of SAD is an 
important place to seek answers and bridge the gap between biology and 
behaviour. For instance, particular temperamental traits in early childhood 
have been identified as potential risk factors for SAD. Behavioural inhibition 
refers to a temperament characterised by wariness, distress, and withdrawal 
when encountering novel situations. Longitudinal studies show that children 
who exhibit behavioural inhibition have greater likelihood of developing 
SAD and other anxiety disorders later in life (Hayward et al., 1998; 
Hirshfeld-Becker et al., 2007). 
 

The effect of environmental and social factors on development have also 
been theorised to play a role in SAD pathogenesis. Direct conditioning from 
traumatic life events, repeated social rejection, or negative interactions with 
peers have been identified as potential risk factors (Rapee & Spence, 2004). 
Observational learning is another potential mode to acquire fear of social 
interactions. Children can vicariously learn avoidance behaviours in social 
settings from those around them. Observing others undergoing traumatic 
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social situations may lead to the development of anxiety in the observer 
(Mineka & Zinbarg, 2006). 

Cognitive perspectives 
Cognitive theories on the pathogenesis of SAD have traditionally focused on 
the idea that biased information processing plays a causal role in the devel-
opment and maintenance of dysfunctional anxiety (MacLeod & Mathews, 
2012; Mellings & Alden, 2000). The biased information processing causes 
individuals with SAD to appraise social situations as overly threatening, 
which leads to problematic behaviours that maintain social fear. Simultane-
ously, these behaviours may elicit further symptoms and potential negative 
responses from other people, thus creating a vicious circle (Heimberg et al., 
2010; Rapee & Heimberg, 1997). 
 

Like most psychological disorders, the aetiology of SAD involves an ex-
tremely complex interplay between genetic, biological, developmental, psy-
chological, behavioural, environmental, social, and cultural factors. Multiple 
pathogenic pathways could give rise to similar or identical clinical manifes-
tations (Ollendick & Hirshfeld-Becker, 2002). Given that Study I and Study 
II in the current thesis are based on the concept of attentional bias modifica-
tion, further discussion about SAD will primarily focus on the cognitive 
perspective.  

Bias and anxiety 

Cognitive bias 
A cognitive bias is a systematic selectivity in information processing that 
favours one particular type of information over another. In anxiety disorders 
such as SAD, cognitive biases manifest in the form of sensitivity and hyper-
vigilance towards socially threatening information – a threat bias (Bar-Haim 
et al., 2007; Cisler & Koster, 2010; MacLeod & Mathews, 2012). Cognitive 
theorists have postulated many different potential biases that might contrib-
ute to social anxiety. 
 

Interpretive bias: Interpretive bias refers to the tendency of an individual 
to preferentially resolve ambiguity in a particular way (MacLeod & 
Mathews, 2012). In the context of social anxiety, this bias often manifests 
itself in the form of selective assignment of negative meanings to ambigu-
ous/neutral scenarios (Mathews, 2012; Wilson et al., 2006).  One common 
assessment of interpretive bias involves the presentation of an emotionally 
ambiguous scenario followed by a judgement on whether the final word (the 
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target) in a sentence is grammatically or lexically legitimate. The results 
show a processing advantage for targets that yield a negative resolution in 
participants who suffer from SAD or non-clinical participants with high trait 
anxiety. This suggests that anxious participants are biased towards a negative 
interpretation of an otherwise ambiguous scenario (Wilson et al., 2006). 
Furthermore, studies have also reported that individuals suffering from SAD 
exhibit negative interpretations of positive social events (Alden et al., 2008), 
and that they have a tendency to discount positive reactions from others at 
face value (Vassilopoulos & Banerjee, 2010). Induced interpretive biases 
have been shown to influence vulnerability to anxiety (e.g. Mackintosh et al., 
2006). 

 
Judgement bias: One simple explanation is that anxious individuals judge 

social interactions to be more threatening. Studies have shown that compared 
to controls, SAD patients estimate the occurrence of negative social events 
as more probable. SAD patients also tend to rate negative social events as 
more costly than negative non-social events (Foa et al., 1996). However, it is 
difficult to disentangle whether this higher risk estimate is a result of a 
judgement bias or due to SAD patients having more past experiences with 
negative social events (Hirsch & Clark, 2004). 

 
Memory bias: Evidence for memory biases in SAD is relatively mixed. 

Some studies reported memory biases such as better recollection of negative 
facial expressions (Foa et al., 2000) and implicit memory bias for socially 
threatening cues (Amir et al., 2000). Other studies have reported no observed 
memory bias (cf. Rapee et al., 1994). It has been proposed that memory bias 
is only evident if the individual is under imminent social threat (Hirsch & 
Clark, 2004). 

 
Imagery bias: When asked to recall social interactions, anxious individu-

als report higher likelihood of having spontaneous mental images of them-
selves performing poorly or experiencing anxiety symptoms. These mental 
images seem to relate to certain traumatic social experience that occurred 
around the time of SAD onset (Hackmann et al., 2000). Studies have also 
shown that distorted self-imagery is not a mere symptom of SAD, because 
the manipulation of imagery can have an effect on anxiety level, perfor-
mance, and evaluation of performance (Hirsch et al., 2003), which suggests 
that imagery bias exerts effects that are independent from other cognitive 
biases.  

Attentional bias 
Out of all the cognitive biases, attention is by far the most extensively stud-
ied. Attentional bias refers to the preferential allocation of attention towards 
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one particular type of information (MacLeod & Mathews, 2012). A bias in 
selective attention towards socially threatening information is thought to 
play a causal role in the pathogenesis and maintenance of clinical anxiety, 
and is identified to be a key process in cognitive models (Mogg & Bradley, 
1998; Rapee & Heimberg, 1997). Attentional bias has been observed across 
many anxiety disorders, including SAD, generalised anxiety disorder, specif-
ic phobia, panic disorder, post-traumatic stress disorder, and obsessive-
compulsive disorder. Outside of clinical populations, individuals with high 
trait anxiety also show signs of attentional bias (Bar-Haim et al., 2007). 
 

The stage(s) of information processing at which attentional bias occurs is 
not fully understood. Some theories propose that attentional bias operates at 
the early, automatic stage of information processing, which means that it is 
introspectively inaccessible (i.e. independent from awareness or intent; 
Mathews & MacLeod, 2005).  This view is motivated by reports of success-
ful detection of bias even when the stimulus presentation is subliminal. For 
instance, Mogg and Bradley (2002) presented different facial expressions to 
participants briefly then back-masked the faces to restrict the participants’ 

awareness of the stimulus content. The results showed that even when partic-
ipants were unable to report what they saw, the highly anxious group showed 
faster response to the threatening faces compared to the neutral faces. The 
authors argued that this is evidence that attentional bias operates automati-
cally without conscious control. The faster responses are interpreted as vigi-
lance towards threat. An alternative theory suggests that when threatening 
and neutral stimuli are presented simultaneously, faster responses to threat is 
not a matter of vigilance or detection, but rather caused by the inability of 
anxious individuals to disengage from threat, resulting in slower responses to 
neutral stimuli (Fox et al., 2001). 

 
Avoidance of threatening information has also been proposed as a cogni-

tive characteristic in anxiety disorders. Avoidance behaviour entails that the 
individual must have perceived the stimuli as being threatening. This in turn 
necessitates that the threat bias occurs at a later, more strategic stage of in-
formation processing (Bar-Haim et al., 2007; Clark, 1999). This view is mo-
tivated by the finding that socially anxious individuals have a tendency to 
avoid emotional faces (both positive and negative) when under social-
evaluative threat (Mansell et al., 1999). It has been suggested that socially 
anxious individuals may shift their attention away as soon as they perceive 
the facial expression as a reaction to their behaviour, without fully pro-
cessing what the reaction is. Alternatively, socially anxious individuals may 
interpret positive facial expressions as negative (i.e. ‘they are laughing at 
me’). Such avoidance requires that the individual must be aware of changes 
in facial expressions, which can only occur at later stages of information 
processing.  
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The seemingly contradictory findings about the role of awareness in atten-
tional bias can be reconciled by the vigilance-avoidance hypothesis (e.g. 
Mogg et al., 1997), which proposes a dynamic shift in attentional allocation. 
In other words, attention is initially allocated towards threatening stimuli (i.e. 
vigilance) in the early, automatic stages of information processing. However, 
once the stimulus content has been established as threatening, attentional 
allocation shifts away (i.e. avoidance) from the threat during later stages of 
processing (Amir et al., 1998; Grafton & MacLeod, 2016). 

Measuring attentional bias 
Numerous experimental paradigms have been used to capture attentional 
bias (vigilance and/or avoidance) towards socially threatening information. 

Emotional Stroop: A modified version of the Stroop task was once wide-
ly used to assess attentional bias in earlier studies. Here, threatening or non-
threatening words are displayed in different colours, and the participants are 
instructed to ignore the meaning of the word and focus on reporting its col-
our. A longer response time to the colour of a threatening word compared to 
a non-threatening word is viewed as evidence of threat bias. However, the 
validity of using the emotional Stroop task to measure attentional bias has 
been challenged on the ground that the delayed response time seen in the 
threat condition might be due to factors other than attention. For instance, 
semantic interference from the threatening word may slow down response 
times in the threat condition, which does not reflect differences in attentional 
processes (de Ruiter & Brosschot, 1994).   

 
Spatial cuing: In the spatial cuing task (e.g. Fox et al., 2001), a cue 

(threatening or neutral) is presented at one of two locations. A target will 
then appear in one of the locations. The participants are instructed to indicate 
where the target is located as quickly as possible. Valid cues are cues that 
appear in the same location as the target; whereas invalid cues are cues that 
appear in a different location than the target. Attentional bias towards threat 
is indicated by a faster response times in valid trials with threat cues com-
pared to valid trials with neutral cues (vigilance). Conversely, attentional 
bias can also be indicated by slower response times in invalid trials with 
threat cues compared to invalid trials with neutral cues (disengagement).  

 
Visual search: In the visual search paradigm (e.g. De Voogd et al., 2014), 

participants are presented with a matrix consisting of a target stimulus (e.g. 
neutral face) surrounded by distracting stimuli (e.g. threatening faces). The 
participants are instructed to locate the target stimulus as quickly as possible. 
A bias towards threat is inferred when an individual shows faster response 
times to a threatening target embedded in a neutral matrix relative to a neu-
tral target (vigilance), or slower response times to a neutral target embedded 
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in a matrix of threatening stimuli relative to a neutral target embedded in a 
neutral matrix (disengagement). 

 
Eye-tracking: Tracking of eye movement (e.g. Horley et al., 2003; 

Waechter et al., 2014) is seen as a naturalistic way to assess attention, espe-
cially since no explicit responses are required from the participant. Selective 
attention is inferred from sudden eye movements towards threatening stimu-
lus (vigilance), and the duration of gaze on the stimulus (disengagement). 
However, it is worth noting that attention can be focused on areas outside of 
the focal point of the eye. 

 
Dot-Probe: The dot-probe task (MacLeod et al., 1986; Mogg et al., 2004) 

is one of the most commonly used assessment techniques to measure atten-
tional bias. In this task, two stimuli are presented simultaneously to the par-
ticipant for a brief duration (typically 500ms). After the presentation, a probe 
(e.g. letters E or F) will appear in the location previously occupied by one of 
the stimuli. The participant is instructed to identify the probe as fast as pos-
sible without sacrificing accuracy. The response times are used to index at-
tentional bias. A threat bias is present when an individual exhibits faster 
responses to probes that appear in the location of the threatening stimuli 
(congruent trials) compared to probes that replace the non-
threatening/neutral stimuli (incongruent trials). The dot-probe possesses the 
advantage of simultaneous presentation of both threatening and neutral stim-
uli, which enables attentional competition. Figure 1 illustrates the sequence 
of events in a single dot-probe trial. 
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Figure 1. Example trial of a dot-probe task. The stimuli shown come from 
the Umeå University Database of Facial Expressions (Samuelsson et al., 
2012). 

Alternative treatments 
There is a large body of literature demonstrating the efficacy of existing 
treatments for SAD. Psychopharmacological medications (e.g. selective ser-
otonin reuptake inhibitors, SSRIs) and psychotherapies (e.g. cognitive be-
havioural therapy, CBT) are both deemed suitable interventions for SAD 
with relatively high effect sizes based on findings from meta-analyses (e.g. 
Bandelow et al., 2015; Fedoroff & Taylor, 2001). Despite being a treatable 
condition, epidemiological studies have repeatedly shown that the therapeu-
tic needs of SAD patients are not being met (Ruscio et al., 2008; Wittchen & 
Jacobi, 2005). For instance, one Europe-wide study found that only 20.6% of 
individuals suffering from an anxiety disorder ever sought help from health 
care providers (Alonso & Lépine, 2007). 
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Failure of clinical detection is often a problem (Baldwin et al., 2012). 
SAD patients may not have sufficient understanding of their condition to 
realise that they should seek treatment. Primary health care providers may 
not recognise symptoms of SAD, especially if it is comorbid with other psy-
chological disorders. The symptoms of SAD itself can also hinder treatment-
seeking behaviour. For instance, panic disorder has much higher rates of 
health care utilisation (Issakidis & Andrews, 2002), primarily due to the fact 
that those who suffer from it tend to interpret their symptoms as something 
physically wrong. As a result of this more frequent help-seeking behaviour, 
health care providers are also better at recognising the hallmark symptoms of 
panic disorder (Bandelow & Michaelis, 2015). Conversely, SAD patients are 
much more likely to endure their symptoms in order to avoid social interac-
tions with health care professionals. Another reason cited for SAD patients’ 

reluctance to seek professional help is the fear of what others might think of 
them (Olfson et al., 2000). Again, this closely associates with their extreme 
fear of social rejection and the need to preserve self-presentation. Practical 
concerns can also prevent treatment-seeking (Mohr et al., 2006). Psycho-
therapy may require monetary and time investments that is beyond what the 
patient can afford. Those living in remote areas may not have access to a 
therapist, or the distance to the nearest clinic could be too far, reducing their 
likelihood of getting treatment (Green et al., 2012). Even when patients do 
receive help, not all of them respond to first treatment. One study estimated 
that only 35% to 65% of patients receiving psychopharmacological medica-
tions respond to the treatment (Davidson, 2003). Psychotherapy referrals can 
be met with refusal to start treatment, and dropout before treatment comple-
tion is common (Hofmann & Suvak, 2006; Lincoln et al., 2005).  In light of 
these treatment barriers, there is an incentive for the development of novel 
treatment options for SAD that are more accessible, affordable, and accepta-
ble. 

Bias and bias modification 

Correcting underlying bias 
Cognitive bias modification (CBM) is a set of interventions rooted in exper-
imental psychopathology. CBM is an example of directly translating exper-
imental findings into treatment (Holmes et al., 2018). After the discovery of 
cognitive biases and their relationship to anxiety disorders, researchers be-
gan the quest to modify the underlying cognitive processes that give rise to 
these biases. The hope is that if we are able to ‘correct’ these biases, we will 
also ameliorate anxiety symptoms. CBM encompasses a diverse range of 
approaches targeting biases in attention (e.g. Amir et al., 2008), interpreta-
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tion (e.g. Mathews et al., 2007), appraisal (e.g. Lang et al., 2009), imagery 
(e.g. Holmes et al., 2009), and memory (e.g. Joormann et al., 2009). Mac-
Leod and Matthews (2012) identified the three key objectives of CBM as: 1) 
using CBM to validate the theorised causal relationship between cognitive 
biases and anxiety; 2) assessing the therapeutic potential of CBM procedures 
in treating anxiety disorders; and 3) providing deeper understanding of the 
mechanisms underpinning cognitive biases. 
 

Regardless of the type of bias targeted or the tasks used, all CBM inter-
ventions are designed to manipulate a particular low-level cognitive process 
that is implicated in pathogenesis (Koster et al., 2009). The participants are 
instructed to preferentially engage with certain stimuli (positive/neutral) but 
avoid others (negative/threatening). CBM interventions are appealing be-
cause they have several advantages over traditional face-to-face therapy, 
such as high accessibility and scalability (e.g. automation, online delivery), 
shorter therapy sessions, and low-cost (Fodor et al., 2020). 

Attentional bias modification 
By far the most widely studied variant of CBM is attentional bias modifica-
tion (ABM). Attention is a popular candidate for modification since there is 
a considerable body of literature on the topic of attentional bias in socially 
anxious individuals (Bar-Haim et al., 2007). Furthermore, the attentional 
process targeted in ABM operates prior to conscious thought, thus does not 
rely on the participant’s insight. Instead, modification is achieved through 

repeated training that results in an implicit attentional shift away from 
threatening information (Cisler & Koster, 2010). One common way to de-
sign ABM programmes is to introduce a training contingency to the assess-
ment task used to measure attentional bias. For instance, the training version 
of the dot-probe task has been used extensively as an ABM programme to 
induce bias change (MacLeod & Mathews, 2012). As described earlier, 
when used as an assessment task, the probe can appear behind either the 
neutral or the threatening stimuli. Bias is inferred from the relative response 
time to the probe when it replaces the neutral stimulus compared to when it 
replaces the threatening stimulus. In the bias modification version of the task, 
the overall procedure remains exactly the same. The only difference is that a 
training contingency has been introduced – the probe only appears in the 
location of the neutral stimulus. This means that the participant’s attention is 

continuously directed away from threat, as the probe is always behind the 
neutral stimulus.  
 

Single-session ABM: MacLeod and colleagues (2002) investigated how a 
single session of dot-probe ABM can influence participants’ emotional vul-

nerability. Sixty-four participants with elevated trait anxiety were randomly 
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allocated to two groups – attend-neutral and attend-negative. The partici-
pants completed a total of 672 trials of ABM training. The results showed 
that the dot-probe task successfully induced differential responses depending 
on the training contingency. The attend-neutral group were faster when re-
sponding to the probe replacing the neutral stimulus relative to the probe 
replacing the negative probe. The reverse was found for the attend-negative 
group. Furthermore, after the dot-probe training, the experimenters asked the 
participants to solve difficult anagrams that elicited a stress response. Those 
who were in the attend-neutral condition had lower anxiety responses to the 
stressor task compared to those who were in the attend-negative condition. It 
was also found that the magnitude of attentional bias change was correlated 
with the magnitude of stress attenuation. 

 
In another study, Amir et al. (2008) recruited 94 participants who exhibit-

ed heightened trait anxiety and reported difficulty with public speaking. The 
participants were randomised into two groups – attentional training and con-
trol. After 160 trials of either ABM training or mock ABM (no training con-
tingency), participants were asked to deliver a short speech. The results 
showed that participants in the ABM group displayed greater attentional bias 
change (reduced response latency when responding to neutral stimuli relative 
to negative stimuli) than those in the control group. Moreover, participants in 
the ABM group reported lower levels of state anxiety when delivering the 
speech, and were judged by blind raters as showing fewer signs of anxiety. 
Again, the state anxiety and speech performance were mediated by changes 
in attentional bias – greater reduction in bias is correlated with greater atten-
uation of state anxiety and better speech performance.  

 
Multi-session ABM: Single-session ABM carried out in a lab setting has 

yielded valuable insights to the understanding of attentional bias and social 
anxiety. Multi-session ABM examines the effects of extended application of 
ABM to further bolster its ecological validity and clinical relevance, as some 
consider them lacking in single-session studies (MacLeod & Mathews, 
2012).  

 
Dandeneau and colleagues (2007) used a visual search ABM to investi-

gate its effect on telemarketers who work in a stressful environment. Twen-
ty-three participants were allocated to either a control group (search for 5-
petaled flower surrounded by 7-petaled flowers) or a training group (search 
for smiling face surrounded by frowning faces). The participants completed 
the task daily for one week. The results showed that participants in the ABM 
training group reported higher self-esteem and lower perceived stress com-
pared to participants in the control group. In addition, physiological 
measures indicated that the ABM training group had lower cortisol release 
than the control group, suggesting attenuated stress reactivity. 
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Amir et al. (2009) conducted a randomised controlled trial to examine the 

clinical efficacy of ABM on social anxiety. Forty-four participants were 
randomised into a dot-probe training group and a control group. The partici-
pants completed their respective tasks twice a week for four weeks. The 
results showed that compared to the control group, participants in the ABM 
training group had significant reductions in both attentional bias as well as 
social anxiety symptoms (both clinically assessed and self-reported). At 
post-treatment, 50% of the participants in the ABM group no longer met 
criteria for generalised social phobia, compared to 14% no longer fulfilling 
diagnostic criteria in the control group. The symptom reductions in the ABM 
group were maintained at the 4-month follow-up. 

ABM – a story too good to be true? 
The promising results from the earlier ABM studies spurred significant in-
terest in the field. However, subsequent studies began to report mixed or null 
findings, casting doubt over how effective ABM is in reducing bias and anx-
iety (Heeren et al., 2015). 
 

Bunnel and colleagues (2013) attempted to replicate the successful ran-
domised controlled trial of Amir et al. (2009). Thirty-one SAD patients un-
derwent eight sessions of either active or mock ABM training, with a study 
design closely matching that of Amir et al. The results showed no differ-
ences between the two groups at post-treatment on any of the outcome vari-
ables. Both clinician-assessed and self-reported measures suggested that the 
participants remained clinically anxious, and no group differences were ob-
served in behavioural response to social interactions. The authors concluded 
that there is no evidence to support the use of ABM as a treatment for SAD. 

 
Boettcher et al. (2013) assigned 129 participants into three groups – train-

ing towards positive, training towards negative, and control. After two weeks 
of internet-delivered dot-probe training, the results showed that while bias 
indices moved towards the expected directions in the attend-positive and 
attend-negative groups, these trends were not statistically significant. In 
terms of social anxiety, all groups showed reduction in symptoms post-
training. Interestingly, the attend-negative condition produced more pro-
nounced anxiety reduction than the control group. This finding has prompted 
some authors to argue that mere attention training, regardless of contingency, 
may account for the reduction in anxiety symptoms following ABM (Heeren 
et al., 2015). 

 
Meta-analytic studies on the efficacy of ABM have also reported mixed 

results. Hakamata et al. (2010) summarised findings from 12 studies using 
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ABM to treat social anxiety in both clinical and non-clinical populations. 
The overall finding was that ABM produced significant change in attentional 
bias with a large effect size (d = 1.16), and symptom reduction with a medi-
um effect size (d = 0.5). However, later meta-analyses have reported much 
smaller effect sizes. For instance, Cristea et al. (2015) reported effect sizes 
for symptom reduction were small (g = 0.37 to 0.40), and tend to be driven 
by outliers.  Another systematic review by Heeren et al. (2015) examined the 
effects of ABM on SAD. The analysis included fifteen randomised con-
trolled trials with over 1000 participants. Results showed that ABM had a 
small but significant effect in bias change (g = 0.3), symptom reduction (g = 
0.27), and a small-to-medium effect on stress reactivity to a stressor chal-
lenge post-treatment (g = 0.46). However, the symptom reduction was not 
maintained at the 4-month follow-up. Compared to effect sizes from clinical 
trials involving traditional CBT (g = 0.77) and pharmacological treatments 
(g = 0.65 to 1.02), Heeren et al. concluded that ABM is not yet ready to be 
used as a stand-alone treatment for SAD. 

 
Perhaps more worryingly, it has been pointed out that the quality of some 

randomised controlled trials in the ABM (and CBM) field is suboptimal and 
plagued by methodological issues. Cristea el al. (2015) reported that effect 
sizes became non-significant when extreme outliers were excluded. Older 
studies had larger effect sizes than more recent studies. The effect sizes were 
inversely correlated with the quality of the studies, and a near-significant 
positive correlation was noted between the impact factor of the journal and 
the effect sizes reported. Taken together, the authors argued that the large 
effect sizes in older studies published in high impact journals may have mis-
lead many into believing ABM to be more effective that it actually is. 

The battle to improve ABM 
Proponents of ABM acknowledge the methodological limitations and vari-
ous other issues surrounding ABM research, but at the same time remain 
optimistic about its future. MacLeod and Grafton (2016) emphasised the 
need to distinguish between ABM process and ABM procedures. Process 
refers to the actual psychological operations that we wish to manipulate in 
some way (i.e. the goal), whereas procedure refers to whatever actions the 
researchers take to measure or exert influence on the target process (i.e. the 
method). MacLeod and Grafton argued that a lot of the criticism against 
ABM stems from the confusion of these two concepts. In their view, only 
experimental paradigms that successfully demonstrate the process of ABM 
(i.e. a change in bias) can be considered legitimate ABM procedures. Since 
studies with null results often show no change in bias, it should be consid-
ered as a failure of procedure rather than the bias modification process itself. 
The correlation between reduction in bias and reduction in symptoms found 
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in a meta-analysis by Heeren and colleagues (2015) was brought up to sup-
port this view. Therefore, if we can identify and address the limitations of 
existing ABM procedures in detecting and modifying bias, we will increase 
the likelihood of achieving the target process of bias modification (Clarke et 
al., 2014; MacLeod & Grafton, 2016). 
 

Despite being one of the most widely used ABM procedures, the dot-
probe task has received criticism regarding its reliability as a bias measure-
ment tool (Schmukle, 2005). As an ABM training procedure, the repetitive 
nature of the dot-probe task has raised concerns about the possibility of par-
ticipants getting bored and losing focus (Kuckertz et al., 2019). If the partic-
ipant is not fully engaged with the training task, they are less likely to suc-
cessfully change their bias and show symptom reduction (Heeren et al., 
2015). There have been numerous attempts to refine existing procedures, or 
invent novel ones to better measure and modify bias. For instance, Lazarov, 
Abend, and Bar-Haim (2016) developed a free-viewing task to measure at-
tentional bias in SAD. In this paradigm, the participant would look at matri-
ces of faces just as one would in visual search. However, the participant is 
not asked to perform any particular task. Instead, bias is measured by calcu-
lating how long the individual’s gaze dwells on threatening faces relative to 

neutral faces via eye-tracking. The lack of demand characteristic and cogni-
tive load enables a more naturalistic view of whether anxious individuals 
preferentially allocate attention to socially threatening facial expressions.  

 
Amir et al. (2016) developed an adaptive ABM that caters to the individ-

ual learning and performance of each participant. Furthermore, the experi-
mental protocol provides participants information that is not normally shared 
with them in traditional ABM (i.e. training contingency; explicit 
goal/mechanism of ABM; and feedback of task performance).  The rationale 
behind an adaptive ABM is to provide a personalised task that can reliably 
induce bias change, while actively engaging participants in their own train-
ing. 

 
Incorporating gaming elements into ABM procedures can potentially in-

crease task engagement (Dennis & O’Toole, 2014; Dennis-Tiwary et al., 
2016). Notebaert and colleagues (2015) developed the person-identity-
matching (PIM) task based on the card game ‘Snap’, where participants were 

asked to make a judgement on whether two faces displaying the same ex-
pression (angry or happy) belonged to the same individual. In the attend-
happy task, participants were instructed to only focus on the identities of the 
happy faces to encourage attentional shift away from threat. In the attend-
angry task, participants were asked to focus their attention on the angry faces 
instead. The PIM task also differed from traditional dot-probe tasks in that 
feedback of the correct response was provided to the participant. The authors 
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reported that after ABM training using the PIM task, participants in the at-
tend-happy condition showed reduced attentional bias towards threat com-
pared to those in the attend-angry condition. Furthermore, participants in the 
attend-happy condition also showed less negative mood shift in a stressor 
task compared to those in the attend-angry condition. 

 
Yet another strategy to boost the effectiveness of ABM is to incorporate 

novel technology. The fact that ABM is an attentional training task that does 
not require a therapist makes it the perfect candidate for an automated, com-
puter- or internet-based intervention. However, a number of trials using in-
ternet delivered ABM have produced lacklustre results (Boettcher et al., 
2013; Carlbring et al., 2012), with meta-analyses showing that ABM deliv-
ered at home is not as effective as ABM delivered in a clinic (Heeren et al., 
2015; Linetzky et al., 2015). Remote delivery of ABM has also been at-
tempted on more readily accessible platforms. For instance, Enock et al. 
(2014) delivered ABM training to participants on their smartphones. Again, 
the results showed that although there was a reduction in anxiety post-
training, no group differences were observed between active ABM and mock 
ABM. One proposed explanation for the failure of these remote deliveries is 
that the ABM tasks used were not engaging enough. As a result, the partici-
pants did not complete the training as diligently as they would in a clinical 
setting. This has led some researchers to explore the use of virtual and mixed 
realities to boost training immersion (Urech et al., 2015).  

Virtual reality 
The rapid technological advancements in the past few decades have expo-
nentially increased information processing capacity and speed. Innovative 
technologies have transformed the way we live our lives and interact with 
each other. At the same time, these technologies have the potential to forge 
new ways to design and deliver psychotherapies (Baus & Bouchard, 2014). 
One example of the successful integration of technology and psychotherapy 
is the rapid adoption of internet-based psychotherapies around the world 
(Andersson, 2016; Barak et al., 2008). Nearly a decade ago, seventy mental 
health experts were asked to predict the trends in psychotherapy in the com-
ing decade (Norcross et al., 2013). Out of the 45 interventions surveyed, 
‘Use of virtual reality’ was ranked the 4th most likely to increase in use. The 
proliferation of commercial VR products and the increasing number of stud-
ies using virtual, mixed, or augmented reality seem to validate this predic-
tion.   
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What is virtual reality and mixed reality? 
Virtual reality (VR) is defined as a computer-generated virtual environment 
that the user is totally immersed in, and is able to interact with. VR technol-
ogy involves a collection of devices, usually a computer capable of creating 
three-dimensional (3D) visualisations, a head-mounted display, and position 
trackers that can sense the position and orientation of the user. The sensors 
relay the positional information back to the computer, allowing real-time 
updates of the visual images on display (Riva, 2005). The user can perform 
physical action (e.g. motor tasks) in the virtual environment and manipulate 
virtual objects. VR is capable of realistically mimicking the real world, but it 
is also not bound by the physical reality, allowing the creation of all sorts of 
environments imaginable (Milgram & Kishino, 1994).  
 

Mixed reality (MR) is a generic term that describes any degree of mixing 
between the virtual world and the real world, presented on a single display 
(Milgram & Kishino, 1994). Augmented reality (AR) is a subset of MR, 
where the background environment is physical, with certain virtual elements 
projected or merged into view. Since the virtual component generated by AR 
is often a small part of the overall environment, it entails a much lower cost 
than the development of entire virtual environments (Baus & Bouchard, 
2014). 

VR offers distinct features that are beneficial to psychotherapy 
The potential benefits of VR have long been recognised. The immersive 
nature of VR and other MR technologies are thought to afford stronger sense 
of presence than traditional media such as desktop computers. Lombard and 
Ditton (1997) defined the concept of presence as the user perceiving their 
interaction with the medium as non-mediated. In other words, despite expe-
riencing an entirely fabricated reality, the user fails to perceive or 
acknowledge that a medium (i.e. VR equipment) exists to communicate be-
tween them and the virtual environment, and behaves as if they are com-
municating with the virtual world directly. To put it simply, presence refers 
to the feeling of being inside the virtual world when the user is not physical-
ly there (Milgram & Kishino, 1994). High levels of presence have been 
found to positively associate with task performance, enjoyment, flow, and 
motivation (Lombard & Ditton, 1997; Price & Anderson, 2007; Sanchez-
Vives & Slater, 2005; Witmer & Singer, 1998). The concept of presence is 
especially relevant to the application of VR in psychotherapy. Treatments 
such as exposure therapy often triggers anxiety to achieve therapeutic goals. 
A strong sense of presence ensures that the experiences and responses gener-
ated in the virtual environment are as similar to those from the real world as 
possible (Sanchez-Vives & Slater, 2005).  
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VR gives the therapist total control over the therapy environment, which 
can be adapted to suit the therapeutic needs of individual patients, making 
VR therapies extremely flexible. Under these controlled conditions, the pa-
tient can explore their surroundings safely without feeling threatened (Riva, 
2005). Free movement in the virtual environment (albeit limited within the 
boundaries set by the sensors) can potentially facilitate approach behaviour 
(Urech et al., 2015), which is crucial in certain psychotherapies such as ex-
posure and approach-avoidance training (Rinck et al., 2013). Furthermore, 
since the virtual environment is not bound to any physical location, treat-
ment can be portable or remotely accessible. As consumer VR products be-
come more affordable and commonplace, VR therapies can potentially be a 
low-cost alternative to traditional face-to-face interventions. 

 
Although not as commonly used as VR, MR technology has its own ad-

vantages. Augmented reality enables flexible presentation of a target virtual 
stimulus in a physical environment. Conversely, MR also enables the presen-
tation of real-life images in a virtual environment. The large degree of free-
dom offered by MR allows the therapeutic process to incorporate any com-
bination of real and virtual elements to maximise control and achieve high 
ecological validity (Baus & Bouchard, 2014).  

Application of VR in psychotherapy 
To date, VR has been integrated with a number of psychological interven-
tions, the most well-known and successful being virtual reality exposure 
therapy (VRET). VRET has been used to treat a diverse range of mental 
health issues, in particular specific phobias such as fear of spiders (Miloff et 
al., 2016), height (Emmelkamp et al., 2002), flying (Rothbaum et al., 2000); 
anxiety disorders such as post-traumatic stress disorder (Botella et al., 2015) 
and panic disorder (Botella et al., 2007); and other areas such as eating dis-
orders (Ferrer-Garcia et al., 2013), pain management (Kipping et al., 2012), 
psychosis (Freeman et al., 2016), and neurological rehabilitation (Cuthbert et 
al., 2014). This demonstrates the flexibility and adaptability of VR, making 
it a valuable asset in tailoring psychotherapy to the therapeutic needs of the 
patient. 
 

Meta-analyses have shown that VRET is as effective as in vivo exposure, 
and is superior to waitlist control, psychological placebo, and exposure by 
imagination (Carl et al., 2019; Wechsler et al., 2019). Compared to waitlist 
controls, VRET is associated with lower rates of negative effects such as 
symptom deterioration (Fernández-Álvarez et al., 2019). The acceptability of 
VR treatments is high. One study compared the acceptance of multi-session 
in vivo exposure and multi-session VRET. The results showed that 81% of 
the participants preferred VRET over in vivo exposure (Garcia-Palacios et 
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al., 2001). Conversely, the refusal rate for VRET (3%) is much lower than 
that of in vivo exposure (27% ) (Garcia-Palacios et al., 2007).   

 
The effectiveness of VRET on SAD has also been explored. Klinger and 

colleagues (2005) assigned thirty-six participants to 12 weeks of either ther-
apist-assisted VRET or group CBT. The results showed that both groups 
achieved significant symptom reduction post-treatment, and the effect sizes 
were comparable between VRET and CBT. However, the interpretation of 
the results was complicated by the fact that there was no control group in the 
study and all outcome measures were self-reported. In another study, Wal-
lach et al. (2009) randomised eighty-eight participants with fear of public 
speaking to CBT, CBT plus VRET, or waitlist control. After 12 sessions of 
therapy, the CBT and CBT-VRET groups were shown to have superior re-
sults in anxiety reduction and behavioural avoidance test than the control 
group. Although the two active conditions had comparable results in terms 
of symptoms reduction, the CBT only group had twice as many participants 
dropout than the CBT-VRET group. 

 
The promising results from VRETs have inspired attempts to integrate 

VR technology in other psychological interventions. Urech and colleagues 
(2015) were the first to explore the application of VR in ABM. In this proof-
of-concept study, fifteen participants with elevated social anxiety underwent 
160 trials of a VR-based dot-probe task. The dot-probe was presented inside 
a virtual environment, appearing as a 3D model of a video conference wall. 
Two 2D photos of faces (angry and neutral) were presented side-by-side 
inside 3D photo frames on the virtual wall, followed by a probe made of 3D 
models of letters (E or F). Since this was an attend-neutral training task, the 
probe would always appear behind the neutral face, regardless of its position. 
Participants were instructed to respond to the probes by hitting them with 
their virtual hand as fast and as accurately as possible.  If the probe appeared 
on the left side of the wall, they were asked to hit it using their left hand, and 
vice versa. The results showed a significant reduction in social anxiety 
symptoms at the 6-week follow-up, as measured by the LSAS. 
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Aims 

The overall aim of the current thesis was to explore the feasibility of inte-
grating VR technology into psychological interventions for social anxiety. 
Study I and Study II specifically looked at the efficacy of VR-based ABM. 
The field of ABM is currently at a crossroads. The inconsistent findings 
from both empirical studies and meta-analyses have left the future of ABM 
uncertain. Opponents of ABM argue that it is not efficacious in reducing 
attentional bias or anxiety symptoms based on the small effect sizes estimat-
ed from meta-analyses (e.g. Cristea et al., 2015). Some have called for the 
reconsideration of the theoretical premise of ABM (Mogg & Bradley, 2018). 
Proponents of ABM insist that improved ABM procedures can lead to more 
reliable induction of bias change and symptom reduction (Clarke et al., 
2014; MacLeod & Grafton, 2016). Study I and Study II tested the efficacies 
of two single-session, VR-based ABM tasks in reducing attentional bias and 
anxiety symptoms. Study I used a traditional dot-probe paradigm (Amir et 
al., 2008) whereas Study II used a person-identity-matching paradigm 
(Notebaert et al., 2015). Both studies also had the secondary aim of assessing 
whether the use of 3D stimuli would result in superior post-training outcome 
measures compared to traditional 2D stimuli. Study III took on a broader 
perspective by compiling and synthesising contemporary expert opinions on 
the use of VR and MR technologies in the treatment of anxiety and stress-
related disorders, with a focus on the current state of technology-assisted 
psychotherapies and their prospective development.  
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Studies 

Study I Attentional bias modification in virtual reality – 
a VR-based dot-probe task with 2D and 3D stimuli 

Background 
Proponents of ABM are aware that existing ABM procedures are incon-
sistent in effecting the desired change in attentional bias and anxiety symp-
toms. According to them, the crux of the issue is deficient training proce-
dures – if an ABM training procedure fails to modify the target process (i.e. 
reduce attentional bias towards threatening information), it will also fail to 
reduce anxiety (MacLeod & Grafton, 2016). Explanations as to why the 
commonly used ABM procedures cannot reliably induce the process of 
ABM often focus on task engagement.  
 

The ultimate goal of ABM is to shift attention away from threat. In ABM 
procedures, this is achieved by repeatedly diverting attention away from 
threat, which necessitates the participant to perform the same actions for 
hundreds of trials each session (Cisler & Koster, 2010). The nature of how 
ABM procedures work is in conflict with another important aspect of atten-
tional training, namely task engagement. Full task engagement is crucial in 
maximising the likelihood of obtaining desired results, especially when at-
tention itself is the cognitive process being targeted. This conflict creates a 
situation where participants find it difficult to engage with, or focus on the 
task because it is repetitive and boring, but the repetitiveness is essential to 
achieving the goal of modifying bias (Amir et al., 2016; Dennis & O’Toole, 

2014). Similarly, distractions during ABM training could also interfere with 
learning, which might explain why ABM carried out at home tend to be less 
effective than ABM carried out in clinical settings (Heeren, Mogoase, et al., 
2015; Price et al., 2016). The incorporation of VR technology may be a way 
to combat some of the task engagement issues identified. VR provides an 
isolated environment in which the participant can undertake the training with 
minimal distractions from their surroundings. The immersive nature of VR is 
known to increase task performance, motivation, and enjoyment (Price & 
Anderson, 2007).  
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Study I was partly inspired by the two influential studies conducted by 
Amir and colleagues (2008, 2009), where a dot-probe AMB protocol pro-
duced impressive reduction in both attentional bias and anxiety symptoms. 
The dot-probe task used in Study I was based on this ‘gold-standard’ proto-

col. The successful integration of VR and ABM in Urech et al.’s (2015) 
study served as another inspiration. Study I had two major objectives. First-
ly, we aimed to replicate and validate previous findings that a single-session 
of dot-probe ABM training can reduce attentional bias and anxiety symp-
toms. Secondly, we wanted to compare the effects of delivering ABM using 
3D stimuli versus 2D stimuli. 

Method 
Participant: One hundred participants (mean age = 40.8 years, SD = 

13.01 years, 55 female) with elevated social anxiety (LSAS-SR score ≥ 30) 

were recruited from the general population. Five participants did not have 
enough trials in their reaction time data for attentional bias (due to incorrect 
responses or abnormally fast/slow response times) thus were excluded from 
final analysis. 

 
Materials and procedure: Once the participants have been screened for 

eligibility, they were invited to book a time to undergo ABM training at the 
lab. Upon arrival, the participants first completed the pre-training measure-
ments. The primary outcome measure was social anxiety assessed by the 
Liebowitz Social Anxiety Scale, self-report (LSAS-SR; Fresco et al., 2001). 
Secondary outcome measures included Patient Health Questionnaire (PHQ-
9; Kroenke et al., 2001) for depression, Generalised Anxiety Disorder 7-item 
scale (GAD-7; Spitzer et al., 2006), the Difficulties in Emotion Regulation 
Scale-16 (DERS-16, Bjureberg et al., 2016), and the Brunnsviken Brief 
Quality of Life Inventory (BBQ; Lindner et al., 2016). After finishing the 
questionnaires, pre-training attentional bias was assessed using the meas-
urement variant of the dot-probe task. The participants then underwent ABM 
training in one of four experimental groups: 

1) 2D mock – measurement dot-probe task (i.e. no training contin-
gency) with 2D stimuli.  

2) 2D active – training dot-probe task (i.e. training towards neutral) 
with 2D stimuli. 

3) 3D mock – measurement dot-probe task with 3D stimuli. 
4) 3D active – training dot-probe task with 3D stimuli. 

 
Another measurement dot-probe task was administered to assess post-

training attentional bias, followed by the completion of a post-training 
LSAS-SR. Follow-up questionnaires to assess anxiety and secondary out-
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come measures were completed online, at one-week post-training, and once 
again at three-month post-training. 

Results and discussion 
Attentional bias undetected: A 2x4 repeated measures ANOVA with the 

four groups as between-subjects factor and time (pre- vs. post-training) as 
within-subjects factor was performed. The results showed no significant 
difference in bias from pre- to post-training (F(1,91) = 2.18,  p = .144), or be-
tween groups (F(3,91) = .07,  p = .976). The interaction of group and time was 
also insignificant (F(3,91) = 1.98,  p = .122). This indicated that attentional 
bias did not change from pre- to post-training and that both observed bias 
and change in bias were not affected by group affiliation. Furthermore, no 
correlation was found between bias indices and LSAS-SR scores at either 
baseline (r = .10, p = .34) or post-training (r = .07, p = .52). Similarly, 
changes in bias indices from baseline to post-training were not correlated 
with changes in LSAS-SR scores (r = .12, p = .24). 

 
No reliable change in bias: To further explore potential effects from bias 

modification, we calculated reliable change indices for individual partici-
pant’s bias change based on criteria set by Jacobson and Truax (1991). The 
results showed that the internal reliability of bias index based on reaction 
time data was extremely low (r = -.04). Out of the 95 participants analysed, 
one showed reliable deterioration in bias towards threat, 90 showed no relia-
ble change, and only four participants achieved reliable shift in attention 
towards neutral after ABM training. 

 
Reduced anxiety over time: A linear mixed-effects model analysis was 

carried out to assess LSAS-SR score changes over time. The results showed 
a significant main effect of time – on average, participants had a reduction of 
5.9 points in their LSAS-SR score at each successive assessment (t(266) = -
5.31, p < .001). No other main effects or interactions were significant. This 
suggested that neither training condition (active vs. mock) nor stimuli (2D 
vs. 3D) had any significant effect on anxiety change. 

 
Treatment gains not clinically significant: To assess whether the anxiety 

reduction observed was clinically significant, Jacobson-Truax clinical 
change indices were computed for LSAS-SR scores. Here we applied the full 
clinical change index calculation (as opposed to just the reliable change cal-
culation done for bias change). For each participant, reliable change was 
determined first, followed by application of the A criterion to determine 
clinical change. The A criterion was based on the sample baseline distribu-
tion of LSAS-SR scores – participants whose post-training scores were low-
er than the baseline group mean score minus 1.96 times the baseline standard 
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deviation were classified as ‘recovered’, indicating that their post-ABM 
scores fell outside the 95% confidence interval of the sample’s distribution at 

baseline. The resulting cut-off score for this sample was 32, which happens 
to be quite close to the generally defined LSAS-SR cut-off score of 30, be-
low which SAD is considered unlikely (Rytwinski et al., 2009). Scores at 
post-training, 1-week, and 3-month follow-ups were all compared to base-
line. At each time point, participants can be classified as ‘recovered’ (relia-
ble change and score ≤ 32), ‘non-reliably recovered’ (scored ≤ 32 but no 
reliable change), ‘improved’ (reliable change but score > 32), unchanged (no 
reliable change, score > 32), or deteriorated (reliable increase in score). At 
the 3-month follow-up, eight participants were classified as recovered, five 
non-reliably recovered, 29 improved, and 43 unchanged.  

 
 3D advantage? All secondary outcomes were analysed using linear 

mixed models. No significant changes were observed for PHQ-9, GAD-7, 
and BBQ, indicating that the ABM training had no effect on depression, 
generalised anxiety, or quality of life. For emotional regulation, there was a 
significant interaction of time and stimuli. On average, participants in the 3D 
stimuli groups scored 2.3 points lower on the DERS-16 at each time point 
post-training compared to those in the 2D groups (t(168) = -2.35, p = .020).  
This seemed to suggest that ABM training with 3D stimuli resulted in better 
improvement in emotional regulation than training with 2D stimuli. Howev-
er, this was highly speculative as no clear theoretical explanation could ac-
count for this difference. 

Study II Seeking neutral: a VR-based Person-Identity-
Matching task for attentional bias modification – a 
randomised controlled experiment  

Background 
Continuing with the theme of improving ABM procedures, Study II explored 
alternative training methods to induce bias change. ABM theory posits that 
attentional vigilance towards threatening information is an automatic, low-
level cognitive process that occurs without conscious control (Koster et al., 
2009). Therefore, conventional ABM procedures are designed to train atten-
tion implicitly through repetition, without informing the participant what the 
purpose of the training is (Cisler & Koster, 2010). Indeed, research has 
shown that most participants in ABM studies cannot tell what the training 
contingency is. It is unclear whether informing participants of the training 
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contingency will impair or facilitate the ABM process (MacLeod & 
Mathews, 2012). 
 

From an experimental perspective, not explaining the training goal to the 
participant may have its advantages, such as minimising confounding effects 
from explicit insight or demand characteristic. It is also plausible that when 
the participant is unaware of the training contingency, they are more likely to 
remain alert throughout the session because they do not know where the 
probe might appear next (i.e. the uncertainty improves task engagement). On 
the flip side, not knowing what is happening can also lead to negative emo-
tions such as confusion and frustration, which might interfere with the atten-
tion training process. Furthermore, if the participant never receives feedback 
on whether what they are doing is correct, they are likely to experience re-
duced motivation and boredom. Indeed, these sentiments were confirmed by 
a recent qualitative study by Kuckertz and colleagues (2019). They identified 
several negative attitudes towards ABM from the patient’s perspective, such 
as ABM being repetitive, boring, and unenjoyable. Participants also com-
plained about the lack of context, not knowing what they were doing, and the 
perceived low credibility of ABM. The authors concluded that patient per-
ceptions of ABM were important because they predicted bias change and 
anxiety symptom reduction. Several recent iterations of ABM procedures 
have already reconsidered the traditional approach, and began to incorporate 
clear explanations about training goals, theoretical justifications, and re-
sponse feedback in hopes to boost ABM’s perceived credibility and task 
engagement (e.g. Amir et al., 2016; Kuckertz et al., 2019; Notebaert et al., 
2015). 

 
Study II was inspired by the person-identity-matching (PIM) paradigm 

developed by Notebaert et al. (2015). Compared to the traditional dot-probe 
task, the training contingency is transparent, as it is baked into the instruc-
tions (i.e. only focus on neutral faces). Participants also received feedback 
on whether their responses were correct. Study II aimed to test the efficacy 
of a single-session of VR-based PIM task in reducing attentional bias and 
anxiety symptoms. As in Study I, a secondary objective was to compare 
training outcomes between ABM using 3D stimuli versus 2D stimuli. 

 

Method 
Study I and Study II were carried out concurrently. Much of the recruitment 
process and experimental procedures in the two studies were identical or 
similar.  

Participant: One hundred participants (mean age = 38.4 years, SD = 
12.47 years, 52 female) with elevated social anxiety (LSAS-SR score ≥ 30) 
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were recruited from the general population. Again, five participants were 
excluded from final analysis due to insufficient attentional bias data. 

 
Materials and procedure: The general procedure (screening, pre-training 

questionnaires, pre-training bias measurement, ABM training, post-training 
bias measurement, post-training LSAS, and follow-up measurements) was 
identical to Study I. The same questionnaires from Study I were used in 
Study II (primary outcome measure: LSAS-SR; secondary outcome 
measures: PHQ-9, GAD-7, DERS-16, and BBQ). Pre- and post-training bias 
were assessed by the measurement variant of the dot-probe task.  

 
For ABM training, we adapted the PIM task (see Figure 2) from Note-

baert et al. (2015). 
 

 
Figure 2. Example trial of a person-identity-matching task. Two pairs of 
faces were presented simultaneously, forming a 2x2 grid of four faces. Each 
pair consisted of two individuals, one displaying a neutral expression and the 
other expressing disgust. In the neutral variant of this PIM task, participants 
were instructed to ignore the faces with a disgusted expression and only pay 
attention to the neutral faces in order to identify whether the two neutral 
faces belonged to the same individual (identity match). If the participants 
responded correctly, the background of the VR environment would flash 
green, whereas if they responded incorrectly it would flash red. A new trial 
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began with the top pair of faces rotating out of the grid, the bottom pair ro-
tating to the top, and a new pair of faces appearing at the bottom. 

 
As in Study I, participants were assigned to four experimental groups: 

1) 2D neutral – participants were instructed to identify whether the 
two neutral faces (2D stimuli) belonged to the same individual. 

2) 2D disgust – participants were instructed to identify whether the 
two disgusted faces (2D stimuli) belonged to the same individual. 

3) 3D neutral – identify neutral faces with 3D stimuli. 
4) 3D disgust – identify disgusted faces with 3D stimuli. 

 

Results and discussion 
The key results from Study II were remarkably similar to those found in 
Study I, despite the data coming from two independent samples. 

Attentional bias undetected: A 2x4 ANOVA showed no significant dif-
ference in bias between baseline and post-training (F(1,91) = .37,  p = .544). 
No group differences were observed (F(3,91) = 1.40,  p = .248). No interaction 
between group and time was found (F(3,91) = 1.34,  p = .267). There was no 
indication that attentional bias was changed after ABM training, regardless 
of training contingency or stimuli used. Similarly, no correlation was found 
between bias indices and LSAS-SR scores at either baseline (r = -.02, p = 
.88) or post-training (r = .03, p = .78). Again, changes in bias from pre- to 
post-training was not correlated with changes in anxiety (r = -.08, p = .44). 

 
No reliable change in bias: Reliable change indices for individual bias 

painted a similar picture as in Study I. Internal reliability of bias index was 
low (r = .05). Out of the 95 participants, five had a reliable deterioration in 
bias, 88 showed no reliable change, and two participants achieved reliable 
reduction in attentional bias towards threat after ABM training. 

 
Reduced anxiety over time: Curiously, once again we observed a reduc-

tion in anxiety symptoms over time. A linear mixed-effects model analysis 
showed a significant main effect of time – on average, participants had a 
reduction of 4.6 points in their LSAS-SR score at each successive assess-
ment (t(265) = -3.45, p < .001). No other main effects or interactions were 
significant, suggesting that neither training condition (neutral vs. disgust) nor 
stimuli (2D vs. 3D) significantly impacted anxiety. 

 
Treatment gains not clinically significant: Jacobson-Truax clinical 

change indices were computed for LSAS-SR scores, using criterion A. At 
the 3-month follow-up, four participants were classified as ‘recovered’, two 
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‘non-reliably recovered’, 34 ‘improved’, 44 ‘unchanged’, and four ‘deterio-

rated’.  
 
 3D advantage? Unlike in Study I, none of the secondary outcome 

measures showed any significant main effects or interactions post-training. 

Study III Integrating virtual realities and
psychotherapy: SWOT analysis on VR and MR based 
treatments of anxiety and stress-related disorders 

Background 
There is little doubt that the rapid development of VR and MR technologies 
have opened up new possibilities for the treatment of psychological disor-
ders. Well-integrated and well-implemented interventions such as VRET are 
shedding their early images of being mere novelty or gimmick, but as bona 
fide treatments in their own right. This transition is supported by empirical 
findings that VRET is just as effective as in vivo exposure (Carl et al., 2019; 
Wechsler et al., 2019). The continued development of VR and MR based 
psychotherapy is expected, given that these technologies can overcome some 
fundamental limitations in traditional therapy, such as accessibility and 
scalability (Riva, 2005). However, the rapid speed of technology develop-
ment also introduces an element of uncertainty, which needs to be taken into 
account when considering therapy integration (Mishkind et al., 2017).  
 

Study III aimed to gauge expert opinions on the current use of VR and 
MR technologies in psychotherapy from a Strengths, Weaknesses, Opportu-
nities, and Threats (SWOT) perspective. SWOT is an effective tool for situa-
tion analysis and strategic planning, taking both internal (strengths and 
weaknesses) and external (opportunities and threats) factors into considera-
tion. SWOT evaluates favourable and unfavourable variables, and contextu-
alise these variables in the development and implementation of projects. 
SWOT analysis helps to identify ways that strengths can be leveraged to 
create opportunities, and how weaknesses can be overcome to minimise 
threats (Helms & Nixon, 2010). This method is easy to use and practice-
driven, which makes it well-suited to capture answers relevant to the future 
development of VR and MR based psychotherapies. 
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Method 
Participant: Fourteen researchers from Europe and North America partic-

ipated in Study III. The researchers are experts in anxiety and stress-related 
disorders, and all have extensive experience with VR/MR technologies in 
their clinical practice and/or research projects.   

 
Materials and procedure: An online survey was sent to all respondents. 

They were asked to share their views on the current use of VR and MR tech-
nologies in the treatment of anxiety and stress-related disorders. The ques-
tions were organised in a SWOT framework to facilitate discussion. All an-
swers were anonymous to reduce the risk of conformity and social inhibi-
tion. Once the first round of survey was completed, the answers were com-
piled and sent out again to everyone. This was done so that each respondent 
had a chance to see what the others thought, which might promote further 
discussion. After the second round of responses, all the answers were exam-
ined to identify recurring themes. The key findings were synthesised and 
categorised into the SWOT quadrants. 

Results and discussion  
There was considerable overlap between the experts’ answers in each of the 

categories, as well as some overlap between favourable categories 
(strengths/opportunities) and unfavourable categories (weaknesses/threats). 
Some factors (e.g. cost) possess multiple attributes and can be viewed from 
different perspectives, thus were discussed in multiple categories. 
 

Strengths: The key strength identified in VR and MR based psychothera-
pies was their high adaptability and flexibility. The simulated environment 
can be adapted to treat practically any anxiety disorder, especially when 
exposure therapy is the treatment of choice. Another big advantage of VR is 
the high degree of control that the therapist has over the therapy environ-
ment, which can be tailored to the needs of individual patients. The large 
body of literature attesting to the high efficacy of existing treatments such as 
VRET was also identified as a strength, because it lends credibility to the 
idea of technology-assisted psychological interventions.  

 
Weaknesses: Key weaknesses identified were practical issues such as low 

dissemination rates of consumer VR technology, lack of standardised treat-
ment protocols or training, and high development cost. Theoretical weak-
nesses included a lack of understanding about the unique experiences associ-
ated with VR usage (e.g. presence) and the mechanisms behind such VR-
specific phenomena. The potential interaction between technology and 
treatment needs further exploration. The rudimentary and simplistic interac-
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tive experience inside the VR environment was also identified as a weak-
ness. 

 
Opportunities: Opportunities arising from technological advancements 

include lowered costs, increased access to equipment, more realistic and 
immersive virtual experiences, and integration with other technologies such 
as biosensors. Centralised treatment platforms, remote or at-home treat-
ments, and exploration of alternative therapies were all identified as potential 
clinical opportunities. 

 
Threats: Key threats identified included intolerance to VR technology 

(e.g. motion sickness) and the lack of regulations and quality control. Wide-
spread dissemination of untested, non-evidence-based VR products could 
damage the reputation and credibility of all legitimate technology-assisted 
treatments. Barriers to implementation, such as high cost, lack of technical 
know-how, and negative attitudes towards technology could also pose a 
threat to VR and MR psychotherapies.   

Ethical considerations 
All studies carried out in the current thesis were in agreement with Swedish 
legislation. Study I and Study II were approved by the Ethical Review Board 
in Stockholm, Sweden. All participants were anonymised and their data can 
only be identified by a unique participant number assigned at study enrol-
ment. All participants gave written informed consent in accordance with the 
Declaration of Helsinki. Participation was completely voluntary and partici-
pants were informed of their right to terminate participation at any point. No 
independent ethical review was warranted for Study III, as the study did not 
involve any intervention, and no personal information was collected. 
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General discussion 

The current thesis explored the overarching theme of integrating VR tech-
nology and psychological therapies. Study I and Study II investigated the 
efficacies of two single-session, VR-based ABM training tasks in reducing 
attentional bias and anxiety symptoms. Both the dot-probe task and the PIM 
task failed to alter attentional bias. Although an overall reduction in anxiety 
symptoms was observed post-training, it was not specific to active training, 
nor was the reduction clinically significant. There was no evidence that 3D 
stimuli had differential effects on the primary outcome measures compared 
to 2D stimuli. However, given the failure to detect attentional bias, it was 
difficult to evaluate whether VR-specific effects (i.e. sense of presence and 
immersiveness) had an impact on psychological processes (i.e. bias modifi-
cation). Study III presented an overall optimistic future for VR and MR psy-
chotherapies. Even though the experts identified some weaknesses and 
threats that are presently unresolved, there is hope that as technological in-
novation continues, the inherent strengths of VR and MR will continue to 
create opportunities for clinical innovation. 

In search of the missing bias 
Perhaps the most important finding in Study I and Study II was the absence 
of attentional bias. Not only did ABM training fail to change bias reliably or 
significantly, there was no evidence that the participants exhibited attention-
al bias at the baseline. These results join a series of recent studies finding no 
correlation between attentional bias (as measured by the dot-probe task) and 
anxiety (Fitzgerald et al., 2016; Naim et al., 2018; Ollendick et al., 2019; 
White et al., 2019). A recent meta-analysis by Kruijt et al. (2019) looked at 
baseline attentional bias measures using the dot-probe task from over 1000 
clinically anxious individuals. The results showed that the mean bias index 
did not differ from zero, indicating no bias. Interestingly, failure to detect 
attentional bias has been reported in other conditions. For instance, Heath-
cote et al. (2018) investigated the effect of a dot-probe ABM training on 
chronic pain reduction. The results showed that after four weeks of training, 
there were no differences in attentional bias between the active training 
group, mock training group, or a waitlist control group. It is worth noting 
that Heathcote et al. also reported no attentional bias to pain-related stimuli 
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at baseline. The absence of attentional bias towards threat, and the lack of 
correlation between bias and anxiety symptoms pose a serious challenge to 
the notion that threat bias a trait-like characteristic in anxious individuals, 
and plays a causal role in the aetiology and maintenance of social anxiety 
(MacLeod & Mathews, 2012; Mogg & Bradley, 2018).  

A problem of measurement? 
The use of reaction time as a measure for attentional bias is a long-standing 
tradition. The majority of bias assessment tasks utilises relative reaction time 
in response to threatening vs. non-threatening stimuli as indices of attention-
al bias. However, it is problematic that the measurement of one psychologi-
cal construct (i.e. bias) is entirely derived from another construct (reaction 
time). The sensitivity and reliability of the dot-probe task to detect attention-
al bias is often criticised precisely due to this problem (Brown et al., 2014; 
Rodebaugh et al., 2016; Schmukle, 2005). A reliable difference score can 
only be obtained if the two raw scores have exceptionally good reliability. 
This is difficult to ensure because individual differences such as processing 
speed can have a large influence on raw reaction times. Furthermore, the 
difference in reaction times between congruent and incongruent trials within 
an individual is extremely small (typically within the order of 101ms). This 
means that any attentional bias could be drowned out by the much larger 
influences from other cognitive processes (e.g. processing speed or lapses in 
attention), making it difficult to measure reliably. Moreover, the bias indices 
derived from the dot-probe task can only inform us where the attentional 
focus was at the very end of the stimulus presentation, right before the 
probes appear (van Ens et al., 2019). 
 

In line with this ‘faulty measurement’ thinking, some researchers have 
postulated that there is a possibility that the ABM training may indeed modi-
fy bias, but the measurement tasks are simply not sensitive enough to detect 
such small changes. This might explain why some studies found anxiety 
symptom reduction without seeing bias change (e.g. Naim et al., 2018; 
Sharpe et al., 2012). However, this view cannot adequately explain the find-
ings from Study I and Study II, where mock training (no contingency, or 
even towards threat) resulted in reduction in anxiety, which clearly cannot 
be attributed to the ABM process.  

Not everyone is biased? 
Some theorists have posited that there are considerable individual differ-
ences in attentional bias. Anxious individuals may not consistently show 
attention bias toward threat and sometimes show threat avoidance or no bias 
at all (Cisler & Koster, 2010; Van Bockstaele et al., 2014). Some studies 
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have reported that the effectiveness of ABM is contingent on levels of base-
line bias (Fox et al., 2015). SAD is an extremely complex disorder that may 
have multiple pathways to pathogenesis. It is possible that the underlying 
mechanisms leading to problematic social anxiety may differ from individual 
to individual, thus the importance of attentional bias would differ according-
ly (Bögels & Mansell, 2004). Accepting that not all anxious individuals have 
a threat bias would necessitate a complete reassessment of traditional ABM 
theory and practice. Indeed, many ABM researchers are beginning to adopt a 
more integrative view of clinical anxiety. Rather than the old unidirectional 
view of attentional bias causing anxiety, multiple top-down and bottom-up 
processes can interact (Mogg & Bradley, 2016). For instance, attentional 
bias could arise from a reciprocal interaction between inadequate inhibitory 
control (top-down, goal-directed) and a hypervigilant threat detection system 
(bottom-up, automatic). 
 

From a practical perspective, if not all anxious individuals have an atten-
tional bias to threat, then the traditional ABM goal of training attention away 
from threat may not be appropriate nor effective for those who lack threat 
bias, or those who may already be threat-avoidant (Van Bockstaele et al., 
2014). Instead, ABM procedures should aim to target multiple cognitive 
processes, such as goal-directed attentional control. However, it is worth 
noting that attentional bias as a component of a large, complex, and interact-
ing cognitive network has long been postulated in traditional cognitive mod-
els of SAD (e.g. Heimberg et al., 2010). A theoretical paradigm shift in such 
a direction would dilute the importance of attentional bias with respect to the 
aetiology and maintenance of social anxiety. Consequently, even effective 
ABM would most likely relegate to a supportive role rather than a stand-
alone treatment.  

Are you feeling better? 
Another curious finding from Study I and Study II was that despite our fail-
ure to detect or change attentional bias, we observed a reduction in anxiety 
symptoms post-training, which was maintained at the 3-month follow-up. 
Contrary to our hypothesis, this reduction was not specific to the active train-
ing groups, as the control groups from both studies showed comparable re-
duction in anxiety.  
 

Numerous studies have reported that both active ABM training and mock 
training without contingency can produce comparable levels of anxiety 
symptom reduction, often without observing an accompanied reduction in 
attentional bias (Boettcher et al., 2013; Carlbring et al., 2012; Clerkin et al., 
2016; Enock et al., 2014; Pergamin-Hight et al., 2016). Price et al.’s (2016) 
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meta-analysis showed that 29% of individuals receiving active ABM training 
and 24% of individuals receiving mock training showed anxiety reduction. 
This seems to suggest that attentional training alone could offer some anxio-
lytic effect, even though it may not result from the intended ABM process. 
Tentative explanations have been put forward to explain this non-specific 
anxiety reduction, including positive-outcomes expectancy; exposure effect 
from repeatedly seeing threatening stimuli; reduction in attentional bias vari-
ability; or increased attentional control (Boettcher et al., 2013; Chen et al., 
2015; Enock et al., 2014; Heeren, Mogoaşe, et al., 2015; McNally et al., 

2013; Price et al., 2016). Heeren and colleagues (2015) found that regardless 
of training contingency (towards threat, towards neutral, or no contingency), 
participants showed improved attentional control following ABM training. 
The authors theorised that repeated exposure to task-irrelevant threat cues 
during training may have enhanced the participant’s executive control and 
their ability to inhibit anxious thoughts, leading to reduction of anxiety 
symptoms. 

Statistically significant is not always clinically significant 
Most ABM studies have focused on the pre- to post-training changes in at-
tentional bias or anxiety symptoms, but rarely are these changes put into 
perspective. Often times, studies report a statistically significant difference 
in outcome measures between the treatment conditions after ABM training, 
but neglect to discuss the clinical significance of these scores. For instance, 
the average post-training score on the Social Phobia and Anxiety Inventory 
from the Amir et al. (2009) study was 99.1, which greatly exceeded the es-
tablished cut-off score of 60 for probable SAD.  
 

Results from the current thesis illustrate the importance of looking at sta-
tistically significant results from a clinical perspective. Study I and Study II 
both showed a statistically significant reduction in LSAS-SR scores post-
training. However, when we conducted an analysis to see how many partici-
pants actually achieved reliable and clinically significant change, we found 
that only 9% (Study I) and 4% (Study II) of participants can be classified as 
‘recovered’ according to Jacobson and Truax’s (1991) criteria for clinical 
significance.  

 
This problem becomes even trickier when looking at something that does 

not have pre-defined cut-offs or classifications. At what point do we consid-
er someone as having a bias towards threat? At what point do we consider a 
bias of clinical significance? It seems strange that attentional bias is such as 
central concept in ABM research yet so little is actually known about it. Zvi-
elli et al. (2014) proposed that a bias index between -25ms and 25ms is in-
dicative of ‘no bias’; a bias index < -25ms as ‘bias towards threat’; and a 
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bias index > 25 as ‘bias away from threat’. When applying these criteria to 
the dot-probe data from anxious individuals, the authors found that 34% of 
participants exhibited a bias towards threat., 20.8% exhibited bias away from 
threat, and 34% exhibited mixed responses depending on the stimuli shown. 
Again, this finding contradicted the notion that all anxious individuals have a 
threat bias. We took a different approach in Study I and Study II by examin-
ing whether there was reliable change in individual participant’s attentional 

bias after ABM training. The results showed that the vast majority of partici-
pants (90/95 for Study I; 88/95 for Study II) had no change in their atten-
tional bias post-training.  

Miscellaneous factors 
Perception of ABM: Kuckertz et al. (2019) conducted an interesting 

study to explore how patient perceptions of ABM could affect treatment 
outcome. The qualitative portion of the study confirmed previous reports 
about negative perceptions surrounding ABM, in particular the dot-probe 
task – it is long, repetitive, tedious, and unenjoyable; the participants did not 
know what the purpose of the task was, and thought ABM had low credibil-
ity. More importantly, the quantitative data suggested that participants’ per-

ceptions predicted outcome measures. The authors concluded that ABM at 
its current state is not considered acceptable or credible by SAD patients. 
Since we had no direct measure of participant attitude in Study I and Study 
II, the question of whether attitude towards the ABM tasks had any effect on 
the outcome measures could not be answered. 

 
Stimuli: Study I and Study II both used facial expressions as stimuli (neu-

tral and disgust). Meta-analytical studies have reported mixed findings re-
garding the moderating effect of stimulus modality on ABM. For instance, 
some studies found pictures to be more effective than words in changing 
bias, while others have found the opposite (Jones & Sharpe, 2017). Different 
facial expressions have been used in ABM studies, including anger, sadness, 
and disgust. The decision to use disgust as the socially threatening facial 
expression was because disgust underpins many complex emotions that are 
closely associated with social anxiety, such as shame, humiliation, and rejec-
tion (Amir et al., 2003; Phillips et al., 1998). 

 
Studies have shown that stimuli relevance could be another factor to con-

sider in bias modification. Idiosyncratic, personalised stimuli that are con-
tent-specific to the participant’s anxiety triggers seem to produced better 
ABM results  (Dear et al., 2011; Pergamin-Hight et al., 2015). During the 
data collection period, I have heard participants complaining about the task 
credibility, since they were ‘not scared of some strangers’ faces’. Naturally, 
such anecdotal reports are not meaningful measures, but they do raise the 
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question: Would the ABM have worked better if we had stimuli that were 
relevant to the participants? 

 
Presentation time: Study I and Study II utilised the standard 500ms 

presentation time in the dot-probe task (MacLeod et al., 1986). Some recent 
studies have suggested that slightly longer presentation times may produce 
more stable attentional bias indices, especially in conjunction with eye-
tracking technology (van Ens et al., 2019). Such findings seem to go against 
the notion that attentional bias occurs at the very early stages of information 
processing. Furthermore, the longer presentation time coupled with eye-
tracking could potentially better capture the dynamic attentional shift theo-
rised by the vigilance-avoidance hypothesis (Mogg et al., 1997), leading to a 
more reliable estimate of bias.  

 
Number of trials: Study I and Study II both had a single session of ABM 

training (380 trials). Some older studies that obtained impressive results had 
multiple sessions of ABM (e.g. Amir et al., 2009). While it is intuitive to 
expect effects to be more pronounced following multiple sessions of train-
ing, meta-analyses that assessed this dose-response effect have disputed this 
‘more is better’ notion. For instance, Heeren and colleagues (2015) exam-
ined the moderating effect of number of training sessions and number of 
trials on SAD symptoms. The results showed neither to be a significant 
moderator.   

Limitations 
The empirical studies in the current thesis had a number of limitations that 
need to be taken into consideration when interpreting the results. Firstly, 
despite the average LSAS-SR scores at baseline (70 for Study I; 65 for Study 
II) indicated probable SAD diagnosis (Rytwinski et al., 2009), all symptom 
measures were self-reported without formal, clinician-administered diagnos-
tic assessments. It has been suggested that attentional bias measures from 
non-clinical populations could be more inconsistent compared to clinical 
ones (Schmukle, 2005), although data supporting such a claim are scarce. 
Secondly, the facial expressions used in the current study were not validated. 
Anecdotal reports from experimenters during data collection noted how 
some participants perceived the negative facial expressions as ‘angry’ in-

stead of ‘disgusted’. Thirdly, neither Study I nor Study II included a waitlist 
control group. It was difficult to discern whether symptom reduction was 
due to experimental factors from the ABM procedures (e.g. increased atten-
tional control or exposure) or external influences such as regression to the 
mean. Fourthly, while the initial viewing distance inside the VR was fixed at 
the start of the experiment, participants could adjust viewing distance freely 
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by leaning forward or backward. As a result, the viewing experience of indi-
vidual participants could vary. We ensured that all participants could see the 
images clearly by administering a brief visual acuity test using a Snellen 
chart inside the VR environment prior to starting the experiment. Lastly, our 
finding of no bias change following PIM training in Study II was not in line 
with the original study by Notebaert et al. (2015). Using a novel task poses 
its own challenges when it comes to interpreting the results, and the compar-
ison to the original study was further complicated by the change in facial 
expressions (i.e. neutral vs. disgusted instead of happy vs. angry), the lack of 
a stressor task, and the introduction of VR. An a priori power analysis per-
formed during the planning stages of the study showed that to detect a medi-
um effect size (f = .25) and an alpha of .5, a total sample size of 100 was 
sufficient to achieve 80% power. However, it has been suggested that effect 
sizes for ABM might be larger for stressor vulnerability than symptom re-
duction (Jones & Sharpe, 2017). Therefore, it is possible that Study II did 
not have a large enough sample size to detect ABM effects in the absence of 
a stressor task.  
 

Study III also had a number of limitations. The number of participants 
was only fourteen, which meant that the opinions covered were of limited 
scope. Since the participants all reside in Europe or North America, the sam-
ple was fairly culturally homogenous, and the opinions were expressed from 
a western perspective. Similarly, since all participants personally work with 
VR and MR psychotherapies, their views and experiences may not be repre-
sentative of the average mental health professional.  

Future directions 
The future of ABM is uncertain. The consensus is that the development of 
reliable measures of attentional bias is the top priority for ABM research 
(MacLeod & Grafton, 2016; Mogg & Bradley, 2016; Rodebaugh et al., 
2016). Any attempt at achieving bias modification would be futile without a 
reliable way to measure bias. 
 

Several ways of improving the reliability of the dot-probe task have been 
explored, notably by cross-validation using alternative bias measurement 
techniques such as eye-tracking (Waechter et al., 2014). Eye-tracking pro-
vides information on where the attentional focus is in real-time throughout 
the stimulus presentation, which is argued to be a more accurate measure of 
attention allocation. Nevertheless, bias indices derived from eye-tracking 
alone are not always reliable (Christiansen et al., 2015; Price et al., 2015). 
More recently, the use of electrophysiological measures for bias detection 
has also been explored (Reutter et al., 2019). Another approach is to use 
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personalised stimuli. The idea is that matching what each individual finds 
anxiety-provoking can result in better bias detection and improve internal 
reliability (Christiansen et al., 2015; Dear et al., 2011). A recent study used a 
dot-probe paradigm in conjunction with eye-tracking, personalised stimuli, 
and long stimulus presentation (3000 ms) reported high test-retest reliability 
in the attentional bias scores (van Ens et al., 2019). Novel bias index compu-
tation methods such as attentional bias variability and trial-level bias indices 
have demonstrated high reliability, and are less sensitive to outliers (Molloy 
& Anderson, 2020). Whether ABM can survive this missing bias crisis hing-
es on the success of these novel methods to reliably detect attentional bias. 

 
To end on a brighter note, the future of VR and MR based psychothera-

pies is promising. The experts from Study III acknowledged that current VR 
psychotherapies still face some challenges, notably due to their low dissemi-
nation rates and practical barriers to implementation, such as high costs and 
lack of standardisation. However, given the speed at which consumer VR 
technologies are being developed, many of the weaknesses found in current 
iterations of VR technology will resolve themselves. The inherent strengths 
of VR will only grow with technological advancement, creating future pos-
sibilities for psychotherapy. For instance, the integration of multisensory 
input, eye-tracking, biosensors, and advanced artificial intelligence with VR 
can potentially allow for an entire ecosystem dedicated for psychological 
treatments. Such an integrated system would no longer restrict itself to expo-
sure-centric therapies.  
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